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Guest editorial
Papers from the 22nd International Symposium on Logistics (ISL)
The 22nd ISL was hosted in Ljubljana, Slovenia from 9 to 12 July 2017. The conference
represents one of the premier events in the logistics and supply chain management calendar,
each year alternating the venue between Europe and the rest of the world. In 2017, the
conference attracted 95 delegates, with 88 papers scheduled for presentation. There is a
continuing strong world-wide presence with submissions from over 32 different countries.
Hence, the conference is regarded as one of the main international platforms for presenting
and discussing research, practice and new ideas in supply chain, logistics and operations
management with a highly collegial and supportive environment.
The conference theme, “data driven supply chains”, highlighted the potential
exploitation of information systems to extract as much information as possible from
our supply chains to sense how well our logistics operations are performing and to
respond and recover from ever more turbulent events. For example, over the last decade
we have witnessed the financial crisis that has affected the whole world, growing
evidence of human impact on the climate and political discourse, resulting in outright
warfare, insurgencies and/or protectionism by nation states. Private organisations
and policy makers are striving to ensure the sustainability of their operations to
maximise economic impact and societal benefits while concurrently reducing negative
implications for the environment. These include advocacy of closed-loop supply chains,
exploitation of new technologies to manage operations, right-shoring decisions,
informing a nation’s logistics policy and collaborative models to enhance sustainability.
The papers from the 22nd ISL comprise of extended versions of those submitted to the
conference and have been judged as providing the latest insights into logistics research
covering these themes.
A rigorous peer-review process was followed. Of the 88 papers scheduled for the
conference, 27 were shortlisted by a sub-panel of the ISL International Advisory Committee,
based on a combination of their reading of the conference papers, attending presentations
and assessment of feedback from session chairs. An initial desk review was then
undertaken by the guest editors after which 17 were invited to submit papers. Following the
peer-review process prescribed by the International Journal of Logistics Management, and in
line with its editorial policy, we have the final five papers accepted.
In the first paper, Kalverkamp (2018) notes that in research on closed-loop supply
chains, a key contributor to circular economy practices, there is more emphasis on the
reverse flow of goods than with industrial symbiosis. The paper goes on to explore
the opportunity for the development of e-procurement and supplier relationship
management solutions to aid brokers, or scrap dealers, in the European automotive sector
in supplying returned cores to the remanufacturing sector. Given the huge variance in
product returns that brokers encounter, the ability to identify and match returns to user
demand is a daunting challenge. The problem is expounded by the growing number of
independent brokers in the European market. Hence, by comparing European and North
American practises, Kalverkamp’s proposed solution, combining technological and
relational aspects in the open-loop element of the closed-loop supply chain, shows
potential for enhancing data accessibility, for example through vehicle identification
numbers, to ensure valid used parts harvesting. The opportunities are there as brokers
and remanufacturers could collaborate further, both vertically and horizontally, with
minimal need for regulatory intervention.

If information technology (IT) is an enabler for data-driven supply chains, enabling data
to be transmitted at the right time, to the right place, of the right quality, then organisations
need to determine the extent to which the management of the IT is a core capability or is
better undertake by others, i.e. a make or buy decision is required. In the second paper,
exploiting the perspective of the IT providers rather than those acquiring the service,
Martins et al. (2018) investigate relational forms for IT outsourcing, determining the extent
to which strategic relationships require considerable effort on the part of the providers as
opposed to relying on purely transactional processes.
The matter of reshoring is a substantive concern by many organisations, with the
realisation that off-shoring, or far-shoring, has not yielded sustainable benefits not merely in
terms of “cost” but in particular for the resilience of the supply chain and the delivery of
quality products. Hence, in the third paper, Pal et al. (2018) address this issue through an
empirical Delphi study of Swedish textile and clothing manufacturers, which are
synonymous with labour intensive operations, with respect to identifying the key enablers
and inhibitors that would impact the likelihood of reshoring their supply chains. Such
decisions under uncertainty require “factual” data that are often hard to come by. Pal finds
that a major challenge for manufacturers to reshoring is the high local costs associated with
their operation, while key success factors are enhanced lead-time, sourcing and capacity
flexibility capabilities.
The fourth paper, by Havenga and Simpson (2018), takes a macro perspective of logistics
to exploit input–output economic modelling to help inform policy makers as to where
investments need to be targeted to enhance national competitiveness and social benefit with
due consideration of externalities. The approach advocated is very much data driven, with
the need to collect data on all the different freight flows from the various modes of transport.
With cases from South Africa, the modelling indicates the opportunities for total cost
reduction in modal shift from road to rail transport. To achieve such requires policy makers
to create a regulatory framework that promotes public–private partnership.
In our last paper, we find Zissis et al. (2018) proposing a logistics model for an urban
environment, exploiting collaborative approaches, to reduce the total economic,
environmental and societal costs associated with the delivery of groceries. The authors
show that, for a particular case, where two online retailers work closely together on their
distribution network, then there is potential to see a reduction of around 10 per cent in miles
travelled and 16 per cent in time to delivery.
We hope that these papers indicate the considerable breadth and depth of the
current state-of-the-art that emerged from the ISL 2017 conference, and that they will
have an impact on the IJLM readership. We would like to acknowledge the hard work and
efforts of the all the presenters, authors, chairs, organisers and committee members of ISL
2017, which made it such a vibrant event. Thanks also to the IJLM EiC, for her guidance,
and the IJLM publishing team for their support. Our particular thanks go to all the
anonymous reviewers who gave up much of their time to enhance the quality of the SI and
the papers therein. In particular, both authors and reviewers were extremely diligent and
professional in their approach with excellent adherence to the tight schedule.
Mohamed M. Naim
Cardiff Business School, Cardiff University, Cardiff, UK
Daniel R. Eyers
Logistics and Operations Management Section, Cardiff Business School, Cardiff
University, Cardiff, UK, and
Andrej Lisec
University of Maribor, Maribor, Slovenia
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Abstract
Purpose – The circular economy grows in popularity in sustainability-oriented environments.
Remanufacturing contributes to circularity though it faces challenges regarding reverse supply chains
(SCs). Literature focusses on closed-loop supply chains (CLSCs) for reverse flows of products. However,
alternative SCs and different market actors provide used components (cores) for remanufacturing through
“open-loops”. The purpose of this paper is to investigate the influence of independent actors on core supply
and how especially middlemen implement supplier relationship management to address supply shortages in
automotive remanufacturing.
Design/methodology/approach – The study follows a qualitative research approach to compare
remanufacturing SCs in Europe and North America. The analysis aims to identify managerial leverage to
reduce supply shortages.
Findings – Reduction of information asymmetries and transaction costs is crucial for “open-loop supply
chains” to compete with more integrated CLSCs. The study identifies an e-procurement solution that
addresses these issues and helps to increase the supply through “open-loops”. Furthermore, regulation may
hinder or facilitate supply.
Research limitations/implications – It needs to be further investigated to what extent e-procurement and
supplier relationship management can reduce shortages. Middlemen who can collaborate with the research
would provide further research opportunities.
Practical implications – If supplier relationship management adapts to the requirements of remanufacturing,
it can increase the supply potential through “open-loop” SCs. The e-procurement solution could serve SCs beyond
automotive remanufacturing. Policy makers need to revise legislation hindering these SCs.
Originality/value – The study provides novel findings regarding independent actors, their supplier
relationship management and their potential to reduce shortages in independent SCs for remanufacturing.
Keywords North America, Reverse logistics, Europe, Buyer–supplier relationships, Sourcing and supply,
Supply chain innovation, Supplier management, Qualitative interviews
Paper type Research paper

Introduction
The idea of a circular economy grows in popularity in sustainability-oriented industry
environments. The awareness of environmental impacts and the growing material demand
(EC, 2015) persuade industries to seek for alternatives to linear business models. Accordingly,
businesses shift their focus towards sustainability objectives such as those described by the
triple bottom line (Elkington, 1994). The reuse of products can contribute to sustainability due
to the residual value, that is, conserved when reused (Thierry et al., 1995). Although case
dependent, reuse can therefore lower environmental impacts. One particular reuse strategy in
the circular economy is remanufacturing, which experiences a growing interest from industry
and policy alike (EC, 2015; Ellen MacArthur Foundation, 2013), inter alia, because of the
business-oriented case of additional value-added lifecycles and its regional demand for labour.
The author was financially supported by the German Federal Ministry of Education and Research
(BMBF) in the Globaler Wandel research scheme (Grant No.: 01LN1310A) and by the German Academic
Exchange Service (DAAD) with funds from the Federal Ministry of Education and Research (BMBF).
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Despite positive market projections, the automotive remanufacturing industry faces
challenges and often claims supply and transparency issues (ERN, 2015; Weiland, 2012). In
terms of supply, used components, from both vehicle repairs and end-of-life vehicle
dismantling, are the key resources for automotive remanufacturing. These used components
are called “cores”. Through a manufacturing-like process, remanufacturers turn cores into
components (spare parts) of a quality comparable with or even exceeding original new
components (APRA Europe, 2014; USITC, 2012). Literature and experts identify various
issues related to the supply with cores, for example, availability, quality and identification of
cores as well as lead time (Atasu et al., 2008; ERN, 2015; own results). Only a few of the
raised issues relate to the demand for remanufactured components (e.g. Steinhilper, 2012),
although “customer recognition” seems a challenge for remanufacturing (Atasu et al., 2008),
for example, in Europe (ERN, 2015). Despite similarities to the challenges of raw material
sourcing, such as material scarcity or quality, remanufacturing supply chains (SCs) are
distinct from traditional material SCs. Most importantly, the unpredictability increases
overall because of many factors: for example, the greater number of potential sources (the
customer becomes the supplier), the different timings of product returns, and the great
variety of usage patterns during the actual use phase (APICS, 2014; Sundin and Dunbäck,
2013). While traditional raw material SCs may manage potential quality issues through a
certain level of excess inventory (Chopra and Sodhi, 2004), excess inventory in the
remanufacturing SC not only challenges financial performance but can rapidly become
obsolete because demand patterns are based on the (initially) unknown failure rate of the
component. In addition, the distribution over time of new product sales and of return and
disposal of the product or its components has only a limited overlap, which significantly
reduces the period of (economically) feasible core acquisition and remanufacturing
(Östlin et al., 2009). In remanufacturing SCs, the complex interconnections between various
characteristic challenges of traditional SCs lead to even greater uncertainty. These
characteristics change the understanding of procurement strategies, for example, multiple
sourcing for remanufacturing is not a means to reduce supply risks or to exploit
the competitive environment amongst the suppliers but it is necessary and almost
inevitable. Nevertheless, remanufacturing SCs can learn from traditional SC management to
overcome some of these supply challenges.
The challenges that remanufacturing faces in its reverse SCs for cores are usually
addressed with closed-loop supply chains (CLSCs). The actors in CLSCs maintain special
relationships to coordinate the SC activities. However, there seems to be a gap in the
procurement processes of remanufacturers that may not be as easily tackled with industrial
economics-related research approaches as supposed in predominant CLSC research (Atasu
et al., 2008). For example, alternative SCs for cores exist, complementing the supply of cores
(primarily relying on a CLSC; Östlin et al., 2008), or independent remanufacturers establish
alternative SCs parallel to an original equipment manufacturer (OEM)-dominated CLSCs for
the same component. This study analyses independent actors and their relationship
management in SCs for cores to evaluate the actors’ potential to reduce supply shortages.
Especially complex reverse logistics relationships in SCs, being significantly less integrated
than CLSCs, motivate to investigate this gap further.
Remanufacturing SCs
Circular flows of products are crucial for remanufacturing, though circularity adds
complexity to SC management. Closing the loop from the end-of-use/-life to new product
lifecycles imposes great challenges on procurement (Östlin et al., 2008). Businesses and SCs
that intend to close the loop face issues such as the identification of sources (Guide and
van Wassenhove, 2009), balancing supply and demand (Daniel et al., 2000) or operational
issues in reverse logistics and lead time (Östlin et al., 2008). Literature concentrates on

CLSCs that are usually controlled by a central actor to ensure circular flows of products and
materials (Guide and van Wassenhove, 2009). Literature on remanufacturing SCs mainly
focusses on normative research (Guide and van Wassenhove, 2009; Prahinski and
Kocabasoglu, 2006), operative aspects regarding production planning (Gaur et al., 2017) or
strategic issues (Chen et al., 2016); fewer research works address behavioural issues (Atasu
et al., 2008), for example, the end-customer (O’Reilly and Kumar, 2016). CLSC literature also
addresses how ownership issues influence material flows (Hagelüken, 2007). CLSCs usually
work without the transfer of ownership (Thierry et al., 1995) or with incentives such as
deposits to establish the reverse flows of products (Östlin et al., 2008). However,
remanufacturers regularly recover fewer components through a CLSC than those that they
distributed into the (CL)SC (Saavedra et al., 2013). A regular loss rate and the yield from
returned products reduce the number of recoverable components. Therefore,
remanufacturers need additional supply (Sundin and Dunbäck, 2013). A forward SC or
“leakage” from (other) CLSCs can provide this supply of cores (Kalverkamp et al., 2017).
Some SCs utilise cores from forward SCs or from “CLSC leakage” to close the loop
through CLSC-like reverse logistics with the intention to recover product value through
direct reuse or remanufacturing. They are here referred to as open-loop supply chains
(OLSCs). Independent market actors are the driving force behind OLSCs, and OEMs may
source cores from these actors too. However, OEMs do not control these SCs. This
perspective on OLSCs is similar to the “open-loop system” sketched by Prahinski and
Kocabasoglu (2006). Supply through these OLSCs closes the loop like a CLSC but faces
additional challenges. Figure 1 highlights closed- and OLSCs in the complex SCs for
automotive remanufacturing. Dark blue arrows correspond to the CLSCs and represent
those material flows where the remanufacturer (OEM or independent) aims to control both
the forward and the reverse SC. Figure 1 highlights in green the OLSCs as well as their most
relevant actors at the supply side, namely, dismantlers and core brokers. Core brokers act as
middlemen consolidating cores which they acquire at vehicle dismantlers. Rarely brokers
source at repair shops, nor do repair shops exchange cores with dismantlers (orange arrow).
Brokers sort and distribute theses cores to other actors in the OLSC.
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“Integrated wholesalers” are actors that usually contract-out the remanufacturing process;
OEMs may contract-out remanufacturing as well (white arrows). Besides their
remanufacturing products, integrated wholesalers also trade with new OE- and new
copied-components. In some cases, integrated wholesalers or remanufacturers source cores
directly at dismantlers (dashed green flows). Independent actors at the remanufacturing
level rely on the success of OLSCs more than OEMs, although they may combine open- and
CLSCs. Correspondingly, some SCs can be both open- and closed-loops, hence those flows
are highlighted in a light blue colour. The red dotted arrow to recycling is a “leakage” flow
that may reduce the availability of cores.
Challenges for actors in independent SCs
Core brokers are middlemen and crucial actors in SCs for remanufacturing. Although the
importance of middlemen is recognised for reverse SCs in recycling ( Johnson, 1998; Medina,
1997), reverse SC literature hardly focusses on the role of middlemen, such as brokers and
agencies (Prahinski and Kocabasoglu, 2006). A brief analysis of the core broker’s
competitive environment, following Porter’s (2008) “five forces” model of competitive
rivalry, shall help to understand the importance of core suppliers, as well as the
relationships in this environment. The most important threats for core brokers stem from
the bargaining power of dismantlers and from “indirect substitutes”. Dismantlers mainly
sell to material recycling, and the costs of part dismantling can challenge their profit margin,
which in turn lower their motivation to sell cores for remanufacturing. If remanufacturers
fail to coordinate supply and demand, substitutes in the form of copies from third parties
may reach the market earlier than remanufactured components (red arrow in Figure 1). The
copies (partly) substitute the remanufactured components and hence indirectly substitute
the core broker’s key resource. The threat of substitutes extends to the bargaining power of
the customers, that is, the remanufacturers, who represent the predominant distribution
channel for core brokers. Especially, labour and resource costs drive remanufacturing
profitability. Therefore, the core price is a major factor influencing the profitability of
remanufacturing. The market forces due to the threat of entry are relatively low, because
core brokers need to establish relationships to many dismantlers and must develop a deep
understanding of cores and their demand patterns. In addition, according to market experts,
the rivalry between core brokers is relatively high. The predominant transaction
relationship in this environment is a rather simple and random exchange of cores between
largely independent transaction partners. The core brokers may change the relationship and
organisational characteristics with their suppliers and thereby establish more regular and
formal exchange, lowering transaction costs in this environment. The outlined competitive
environment for core brokers can also apply to remanufacturers and integrated wholesalers
if they source directly from dismantlers.
Identifying reasons and potential solutions for the outlined challenges motivates this
research. An improved supply with cores through OLCSs may as well contribute to
sustainability objectives such as a CLSC that has the objective to recover products or
materials in a sustainable manner. Different independent actors and different
relationships may apply in such OLSCs to procure cores efficiently. Therefore, this
study seeks to answer the following questions: what effect do independent actors have on
core supply, especially core brokering companies and dismantlers, and how do these
actors implement relationship management to address challenges of OLSCs in automotive
remanufacturing? By answering these questions, the study finally aims to provide
managerial as well as related policy guidance for an improved circular flow of components
for reuse in the circular economy through means of relationship management. Policy
guidance, in this context, refers to the facilitation of transactions in reverse systems from a
legislative perspective.

Relationship management and transaction costs
This section outlines the theoretical background on relationship management and its
relations to transaction costs as a reference for the research approach and the discussion of
its results.
Management of supplier relationships
The challenges of reverse SCs for remanufacturing increase the importance of relationships
(Östlin et al., 2008). SC literature conceptualises relationships by the perspectives of both
relationship marketing (Christopher et al., 2002) and supplier relationships (Sheth and
Sharma, 1997). Relationship marketing is one approach to reduce costs and risks by
establishing “collaborative relations” between legally independent businesses with the
objective to secure production and ultimately to respond to customer demands. In
procurement, relationships that are based on commitment and trust, especially cooperation
and the reduction of uncertainties, are important success factors for supply (Morris and
Carter, 2005). Similar to sales relations, companies use incentives in procurement relations to
achieve their objectives (Biergans, 1984). For remanufacturing, incentives could be longerlasting offer validities for cores or faster payments; objectives could be the reduction of lead
times and more formal exchange.
Maintaining relationships with transaction partners is essential to ensure return flows of
cores (Subramoniam et al., 2010). Östlin et al. (2008) and Lind et al. (2014) identify a variety of
relationships in reverse SCs for remanufacturing, namely, ownership-based, service
contract, direct-order, deposit-based, credit-based, buy-back, voluntary-based and remancontract. Drawing on these relationships, Sundin and Dunbäck (2013) consider the
“buy-back” relation between remanufacturers and their suppliers a “lack of relationship”.
Suppler relationship management (SRM) aims to provide an improved management of
complex relationships through communication and coordination. IT-based solutions
facilitate the management by supporting tasks and processes related to the procurement
process (Herrmann and Hodgson, 2001). The automotive industry is a pioneer for SC
management and the application of SRM as well as related sourcing approaches (Holweg,
2005). Despite sophisticated SRM in the automotive industry, there is limited evidence of
such in independent automotive remanufacturing. Amongst the few examples are
CoremanNET, a logistics solution for core return management (www.coremannet.com) and
LevelSeven, a Microsoft Dynamics-based solution (www.lvlsvn.com). To the author’s
understanding, these and other solutions do not address the special requirements of
buy–back relationships for automotive cores.
Relationships and transaction costs
The objective of SRM is to improve the interaction with a company’s suppliers in a
cost-efficient manner to ultimately achieve its distribution objectives. Therefore, SRM aims
for economies of scale with suppliers, higher transparency in the SC and reduced lead times
(Herrmann and Hodgson, 2001). Ultimately, SRM and purchasing strategies, in particular,
can become a competitive advantage (Hunt and Davis, 2008).
New institutional economics are assumed to provide a useful set of theories to approach
the organisational aspects of SCs from an economic perspective (Hobbs, 1996), for example,
transaction costs, the principal–agent problem (Richter and Furubotn, 2010) and
information economics (Stiglitz, 2002). Transaction costs, in particular, comprise “search
and information costs, bargaining and decision costs, and monitoring and enforcement
costs” (Dahlman, 1979). These theories can help to explain advantages and disadvantages of
organisational integration, as in CLSCs, or of less integration, as in OLSCs. Furthermore,
uncertainties such as quality or time, combined with resource dependence and transaction
costs, motivate vertical integration to reduce associated risks (Carter and Rogers, 2008;
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Subramoniam et al., 2010; Williamson, 1975). As an alternative to organisational integration
appear middlemen who economise on transaction costs between suppliers and buyers.
These middlemen may be challenged by information technology or, in contrast, may emerge
through information technology on electronic markets (Wigand, 1997). Such electronic
markets are also associated with relationships that support the establishment of
organisations ranging between markets and hierarchies (Hougaard and Bjerre, 2002). The
implementation of SRM tools indicates a move towards such organisation between market
and hierarchy.
Methodological approach
This study follows an inductive–deductive approach with elements of grounded theory to
build a descriptive and explanatory theory of SRM practices in independent automotive
remanufacturing. Key informants, interviews and market observations provide the
empirical data for the analysis that aims to address gaps regarding SRM in the OLSC for
automotive remanufacturing. This study builds upon research on the marketing system of
remanufacturing in Europe (Kalverkamp and Raabe, 2017), though it readjusts the
perspective with a comparative analysis of the European and the North American OLSCs
for automotive remanufacturing. Furthermore, this study focusses more on the
company-level and on third-party actors enabling and facilitating the OLSC. The
following section outlines the research design followed by a description of the study group.
Research design
The comparative character of the study corresponds with the chosen method, which utilises
comparison for the analysis (Corbin and Strauss, 1990). Grounded theory supports the
development of a macro-image of the study ground. The qualitative approach allows the
researcher to explore the study ground in iterative steps of exploration and empirical data
gathering, literature research, coding and analysis (Corbin and Strauss, 1990; Creswell,
2003). This also means to iteratively revise and adjust previous assumptions in a “planned
but flexible” manner (Glaser, 2007). Hence, the approach is also a learning process
examining previous observations and assumptions (Alheit, 1999). Grounded theory-based
approaches have been successfully applied before in the research on SCs and sustainable
management (e.g. Carter and Dresner, 2001; Crook and Kumar, 1998; Stindt et al., 2016). By
following this approach, this study strives for practical benefits facilitating reverse logistics
in OLSCs by means of SRM.
Figure 2 illustrates the research design directed at a comparative analysis of two market
regions to identify key managerial leverage improving supply for remanufacturing. This
extends to the identification of policy-related issues that may hinder or that could facilitate
OLSCs. Policy in this context is a facilitator of a circular economy that acknowledges the
relevance and limitations of institutions for market outcomes supporting sustainability
objectives. Ultimately, the study aims to provide implications for the management of
supplier relationships in OLSCs as part of the circular economy.
In the first step, an explorative study of OLSCs for remanufacturing in North America
(Canada and the USA) extends the database from a previous study on the remanufacturing
marketing system in Europe. The focus on SRM requires an accordingly adjusted, iterative
step of reviewing previously collected data. Furthermore, additional key informants,
interviews and observations from Western Europe add to the empirical data. In addition,
document and literature studies complement the data acquisition data coding and
clustering, as described in step 2, revealed three distinct focus clusters: namely, practices of
dismantlers regarding remanufacturing, the role of core brokers in the OLSC and SRM
between core brokers and their suppliers (i.e. dismantlers or garages). In the third step,
OLSC practices between North America and Western Europe were contrasted to carve out
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Starting Point:
Automotive remanufacturing marketing system in the EU
(Key informants A–C)

Attendance at exhibition BigR 2016
(interviews, presentations and
researcher's minutes)

Attendance at exhibition
ReMaTec2017
(interviews, presentations and
researcher’s minutes)

Key informants:
Automotive dismantlers, core
broker, and market experts (D–I)

Additional key informants
German dismantlers, recycling
expert; remanufacturers (J–N)

Iterative review of previously collected
data against current research question

Step 1: Investigation of open-loop supply chains for
remanufacturing in North America
Explorative study of practices in the supply chain
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Data
Step 2: Coding and clustering
Focus clusters:
Practices of dismantlers re-remanufacturing
Role of core brokers
SRM between core brokers/remanufacturers
and suppliers
Step 3: Contrasting open-loop supply chain practices
Commonalities and differences—Europe vs North America
Obstacles in SCs for cores
Innovations in SCs for cores
Reflection on additional insights
Step 4: Analysis of the potential for SRM in open-loop supply
chains for automotive remanufacturing
(developed in iterations)

differences that may influence supply for remanufacturing. The relationships between two
groups of actors are particularly important to understand challenges and potentials of
OLSCs for remanufacturing: the core brokers and their suppliers. Contrasting the market
environments of the two regions in step 3 led to a closer analysis of the middlemen and their
practices. The perspective on middlemen can extend to integrated wholesalers and
remanufacturers when those actors source cores through OLSC, even though core brokers
are the central group of actors because of their dominant business model. Step 4 summarises
the analysis with references to the theoretical background on relationship management and
transaction costs mainly.
Key informant interviews were based on semi-structured questionnaires (see the
Appendix for details). A reduced set of higher-level questions were combined with
context-specific questions for interviews at industry shows (e.g. about SC practices, tools
used/exhibited). Further data comprise e-mails (exchanged with interviewees),
publicly available information from websites and reports, including additional
documents used to follow up on shows, interviews and industry visits, and information
gathered during field research.

Figure 2.
Research design for
the explorative
investigation of SRM
practices in European
and North American
open-loop supply
chains for
remanufacturing
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Study group
Table I shows an overview of the study group. The study consists of 39 interviews
whereof 13 are key informant interviews (A–Na). This counting does not consider
additional contacts, visits or interviews. The last column indicates where additional
contacts were made or with how many different subjects from one group were
additional contacts made.
The key informants were selected with a focus on the independent SC for automotive
remanufacturing. Furthermore, the objective was to cover all potential business actors of
such SCs in accordance with the study design; this did not include the end-customers

Key
informantsa/
interviews
(grouped)
Place
Aa

On-site

Ba
a

Managing director

1:0

On-site

Integrated
wholesaler
Reman supplier

Sales manager

1:0

C

On-site

Remanufacturer

COO

1:0

Da

On-site

Dismantler

0:1

Ea

On-site

Dismantler

Production
manager
n/a

0:1

Fa

On-site

Dismantler

n/a

0:1

Ga

On-site

Core broker

CEO

0:1

Ha

Off-site

President

0:1

Ia

Off-site

n/a

0:1

a

J
Ka
La

On-site
On-site
On-site

Managing director
Core broker
Managing director

1:0
1:0
1:0

Ma

On-site

Recycling—market
expert
Aftermarket—
market expert
Dismantler
Remanufacturer
Recycling—market
expert
Remanufacturer

0:1

Na

On-site

Dismantler

Operations manager,
warehouse manager
Manager

0:1

O

ReMaTec/ Core brokers
BigR
ReMaTec/ Core brokers
BigR
ReMaTec First-tier supplier
w/remanufacturing
ReMaTec Remanufacturers
and their suppliers

n/a

P
Q
R

Table I.
Details on the study
group (partly
grouped)

Company category Interviewee role (s)

(Western)
Europe vs
North
America

S
T

Date
October
2014
September
2015
September
2015
November
2016
November
2016
November
2016
November
2016
August
2016
November
2016
May 2017
June 2017
April 2017

Additional
contact
X

X
X

X
X

X

0:7

August
2017
August
2017
2015–2017

w/3

n/a

5:0

2015–2017

w/1

Core broker; n/a

2:0

2015

6:1

2015–2017

1:2
1:0

2016
June 2015

Core broker, CEO,
product manager,
sales manager, n/a
BigR
Software providers n/a
ReMaTec Reman.—market
n/a
expert

22:17
Notes: n ¼ 39. aIdentifies the key informants amongst the interviews/interviewees

X

w/2

because they usually do not handle cores. Although garages could be remanufacturing
suppliers too, these are not represented in the study group. This is mainly because garages
usually appear in CLSC settings when exchanging cores with their wholesalers though they
are hardly approached by core brokers directly. In an iterative manner, key informants were
interviewed in three sets throughout the research process; informants A–C are the first set
(2014–2015), informants D–I are the second set (2016) and informants J–N are the third set
(2017). Interviews with key informants took between 45 and 180 mins. The key informant
interviews cover three North-western European countries and Canada. The lack of key
informants from the USA does not limit the research results notably, because the markets
for cores and the automotive aftermarkets are strongly interrelated between the USA and
Canada. Furthermore, most North American core brokers were from the USA (group O).
Further interviews cover mainly Western European countries and the USA. These
interviews were conducted at the industry shows ReMaTec 2015 and 2017 in Amsterdam,
Netherlands and at the BigR/ReMaTec 2016 in Las Vegas, NV, the USA. These shows are
an important field for industry observations as well. Due to anonymisation requirements,
further subjects are grouped and details are abstracted or intentionally excluded. The
study subjects are mainly grouped according to their company category such as core
brokers, remanufacturers and remanufacturing suppliers or software providers. Core
brokers are further separated into two groups. Group O represents core brokers from
North America and group P represents core brokers from Europe. This grouping serves
the purpose of regional comparison. Subject T is not grouped and represents one market
expert for remanufacturing.
The table does not indicate the degree of integration or dependency (see Figure 1),
which describes whether the interviewees represent a company that is more integrated
with original equipment–suppliers or –manufacturers. Integration in this context may be
“contracted remanufacturing”, where third-party companies remanufacture for OEMs or
first-tier suppliers. Some third-party remanufacturers have both contracted and
independent remanufacturing and others do not have such connection to OEMs at all.
These circumstances make a clear distinction difficult for the remanufacturer category.
However, most interviewees represent independent market actors in accordance with the
study objectives.
Company locations corresponding to the interviewees are distributed across the regions,
with 22 from Europe and 17 from North America. Due to this distribution pattern, some
differences exist. The dismantlers are either from Germany ( for Europe) or from Canada
( for North America). This may limit the informative basis of those groups for the whole
region, though relevant information can be derived from those who interact with the
dismantlers, namely, core brokers and remanufacturers. Furthermore, Germany is
considered to have the biggest remanufacturing industry in Europe (ERN, 2015), which
may increase the importance of suppliers from Germany. Furthermore, European core
brokers were cautious in answering questions and reluctant to participate as key
informants. This reluctance of middlemen in Europe to discuss procurement practices may
be related to findings from Medina (2015) who investigated the role of middlemen in formal
and informal scavenging and recognises rejection by middleman to collaborate in research;
core brokers are middlemen connecting dismantlers (of a historically/partly informal sector)
with the ( formal) remanufacturing sector.
Market structures and practices: obstacles and innovations in the supply
with cores
The focus clusters from the coding process outline the overall market practices in Western
Europe and North America, their commonalities as well as their differences. Each cluster
reveals some obstacles in the supply with cores and innovation potential to overcome those
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obstacles. The following subsections present these results, reflecting the research approach
(cf. step 3 in Figure 2): first providing an overview by comparing the market regions,
thereafter elucidating general and particular challenges, and eventually explaining a
solution that helps to overcome some of these challenges.
General commonalities and differences between the market regions
As outlined in the introduction, the OLSC for remanufacturing usually initiates at
dismantlers who dismantle used components (cores) from vehicles. In both market regions,
core brokers act as middlemen connecting core suppliers with remanufacturers, as they buy
and sort cores in order to sell them to remanufacturers. When rather small and local core
brokers sell to bigger core brokers, or when core brokers exchange cores between different
market regions, more than one core broker can be involved in the trading process. In some
cases, integrated wholesalers and remanufacturers establish direct supply channels with
dismantlers, such as the companies of the informants A and K. Nevertheless,
remanufacturers seem to rely on core brokers for complementary and additional supply
of cores (A, C, K and M; Sundin and Dunbäck, 2013). The outline of open- and CLSCs in the
introduction shows that these SCs sometimes intertwine. In general, OLSCs for cores are
similar in the two investigated regions.
Both market regions seem to experience a trend towards more maturity. In North
America, the USA is considered the biggest market for automotive remanufacturing
(USITC, 2012), and the market in North-western Europe is growing (ERN, 2015). Indicators
for the increasing maturity of the markets are the decrease of small and mostly local
remanufacturers while “only the good” (local) remanufacturers remain in business (I), and a
tendency towards consolidation (Weiland, 2012, K), and a decrease in core brokers (A, D, E,
F and K). Although a reduction of core brokers in Europe may also be related to the
increasing complexity to identify cores (see below). In both regions, repair shops seem to sell
fewer cores to core brokers or to remanufacturers. This decline may be related to the
decrease in local remanufacturers or core brokers in general.
Some differences apply to OLSCs in the two regions. Body shops represent one such
difference: they are present throughout North America but only in some European
countries. Body shops apply used vehicle parts in collision repair and insurance policies
motivate for such direct reuse. These “green insurances” are one important revenue stream
for dismantlers. However, they do not exist in Germany because of the lobbying by the
automotive industry (N), although they would encourage for a deeper dismantling of
vehicles ( J). For Canada, informant H qualifies, as because of the restrictions by OEMs
limiting the reuse of parts in collision repair, a greater share of components flows towards
recycling instead of direct reuse. However, this did not affect core sales, which slightly
increased in recent years (H). Regulations on vehicle recycling are another related difference.
Regulations vary throughout North America, though they are well-defined for Europe at the
EU level. Where environmental regulations are stricter, the cost for recycling is higher
(Sakai et al., 2014). If recycling technologies enable advanced material separation and
recycling, and hence enable compliance with regulations, the overall cost structures do not
motivate for profound dismantling with the objective of material separation ( J and N); this
could affect the dismantlers’ role as core suppliers.
When comparing practices between Germany and Canada, fewer dismantlers in
Germany than in Canada seem to establish CLSCs for their used-part sales to retrieve cores
from their customers; cores which they would afterwards sell to core brokers (D, E, F and H).
In the German dismantling domain such practice could not be identified ( J, L and N), only
informant A affirmed it for some suppliers. This indicates that fewer dismantlers in
Germany (or even Europe) use distribution channels towards remanufacturing. These
different practices may contribute to a shortage of cores.

Although core brokers are middlemen in very similar market positions, their approaches
towards supplier management revealed another difference between the regions. Core
brokers and remanufacturers alike face the challenge that the correct identification of parts
is getting increasingly more difficult because of the confusing variety and complexity of
OEM car part numbers (A, C, I and J). This complexity reduces transparency and challenges
core brokers to provide correct and well-sorted core batches, which would also achieve
higher sales prices. Results from Europe suggest that core brokers source cores by
physically approaching dismantlers, or by phone or e-mail inquiry using excel lists for core
offerings (A, J and L). For dismantlers, this personal contact and direct payments seem to
have a great value (K). In contrast, the field research in North America identified IT-based
procurement solutions for core broking also over greater distances between dismantlers and
core brokers across North America. These e-procurement solutions especially address the
correct identification of cores. The following subsection elaborates on obstacles in the trade
with cores to outline the necessity for alternative procurement approaches. The subsection
thereafter outlines how e-procurement and SRM-oriented solutions can change and improve
the SC for automotive cores.
Obstacles in the supply with cores
Some characteristics of the overall supplier base cause obstacles for remanufacturing. For
example, in Germany approximately 1,200 authorised dismantling facilities compete with a
great number of illegal dismantling facilities over approximately 750,000 end-of-life vehicles
(L); with 630,000 units, the German Environment Agency estimates even fewer end-of-life
vehicles per year in Germany (UBA, 2017). EU-wide, the competitive situation between legal
and illegal dismantling is similar (GHK, 2006). The relevant difference between these
dismantlers is their compliance with environmental standards, which induces higher costs
and causes a competitive imbalance to the disadvantage of the authorised dismantling
facilities ( J and L). Similarly, key informant H explains that environmental regulation from
2016 on dismantling and auto recycling may challenge dismantlers in Canada. The
interviewed dismantlers in Canada expect some dismantlers to leave the market because of
stricter regulation (D and E). However, in these environments, many rather small
dismantling companies compete over a limited number of end-of-life vehicles.
The number and the size of potential suppliers challenge core brokers and
remanufacturers who need to transmit their demand information through the OLSC. For
Germany, a dismantler (N) gave the example of a European engine remanufacturer that
cannot procure enough cores at once from only a few dismantlers though it would have to
address many different dismantlers, which is not economically feasible. In an environment
with many small dismantlers, used parts may remain on shelf for too long before
dismantlers offer them as cores and then shipment sizes are too small to be attractive for
core brokers (K, L and N). One interviewee explains: “you can find good cores but it is not a
big quantity and it’s cost expensive to find these […]” (K). Some dismantlers do not even
know about certain demands. Interviewee A describes core procurement at some German
dismantlers as “digging for gold” because dismantlers stock parts but do not actively offer
them as cores. Interviewee K observes that this is especially difficult in Southern Europe, for
example, in Spain; he further expresses that “[…] if you go around some of the smaller
dismantlers, you’d find those materials all over. But no one dismantles them and no one sells
them as core, they go to scrap. And we can perhaps pay 80-100 € for that part”. If
dismantlers do not dismantle enough cores for remanufacturing, such environment can
cause supply shortages or lead time issues for the remanufacturing industry.
Furthermore, when the SC between dismantlers and remanufacturers involves too many
middlemen, the SC design in itself can cause lead-time issues due to the management and the
physical handling of the transactions. In addition, OEMs can indirectly cause supply issues
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when they use their power to collect cores through their authorised dealerships (in a CLSC
manner) though do not remanufacture these cores. Such challenges are documented for
Europe (Kalverkamp and Raabe, 2017), and the field research indicates that similar practices
may be present in North America as well (I).
From a more detailed perspective, core brokers face challenges in terms of the correct
identification of components. Neither public nor licensed databases that are based either on
the vehicle identification number (VIN) or on national numbering systems (such as KBA
numbers in Germany) provide enough details to identify components correctly. Identifying
interchangeable components is even more difficult. One reason for this is that components
that are physically identical but have a vast variety of part numbers, concealing
interchangeability, require great investigative efforts to identify the interchangeable
components (C); or slightly different components can have the same part number ( J). It is not
enough to provide the make and the model to identify a replacement component. It needs at
least the production date and that may still not be enough because OEMs change
components during the production of “one and the same” model (I). In addition, the advent of
mechatronics and software creates barriers challenging direct reuse and remanufacturing.
Software makes the comparison of parts more difficult and OEMs use software to limit
access to components or to limit the reuse in general. Software-based barriers require
reprogramming of parts that are programmed to be used on a particular vehicle exclusively
(B, C, J, K, L and N).
Although VINs are based on a standard (ISO 3833), they carry different levels of detail,
usually depending on the country of sales. A European VIN contains less information about
the vehicle than does a North American VIN, for example, about the body design and the
engine type and power (informant N; www.kfz.net). The so-called “interchange information”
is related to these differences in the VINs’ level of detail. Hollander, a third-party company,
provides interchange information that supports dismantlers, body/repair shops, and other
mechanics to identify interchangeable auto parts (hollanderinterchange.net). Software
solutions such as Mitchell (www.mitchell.com) and Audatex (www.audatex.de) are slightly
different and repair shops and insurers use these for easier processing of insurance claims.
Although the latter two insurance solutions contain information potentially exceeding parts
databases (such as TecDoc or Motor.com) and potentially carrying interchange information,
these insurance databases are not available for remanufacturers (A). Interchange systems
help dismantlers and repair shops to identify used components and this interchange
information is most relevant for remanufacturers. Although better interchange information
is available in North America, it seems to reach its limits more often than before. The
outlined development increases the data complexity for dismantlers and core brokers, who
must deal with identifying the correct cores from a vehicle, and for remanufacturers to
identify the correct cores at dismantlers and core brokers. Therefore, dismantlers that sell
cores also rely on their experience, because it is too costly to reinsure with core brokers or
remanufacturers for each core they might dismantle.
Innovations in the supply with cores
The field research in North America revealed an e-procurement approach addressing many
of the issues in the core broking environment explained above. Additional document studies
and data coding carved out details on the operating principles and explained the
circumstances where such solutions support the core broking process.
The core broking process in Europe is mainly document based. Although software
solutions for European dismantlers provide interfaces for “direct reuse” distribution
channels such as ebay (e.g. www.kaputt-gmbh.de, www.callparts-recycling.de and www.
software-kern.eu), they are missing explicit interfaces for the connection with core brokers
or remanufacturers. Such solutions mainly focus on yard management and reporting for

recycling (e.g. EU end-of-life vehicle recycling and hazardous material treatment). While
European core brokers are aware of e-procurement solutions for cores (group P), only one
solution could be identified in Europe, though limited to the UK (www.elvpp.com). The
dismantling and recycling informants from Germany have never heard of such solution. In
contrast, all dismantling and recycling informants from Canada as well as professionals
from the USA were aware of e-procurement solutions for core broking.
As a response to the supply issues, especially regarding availability and lead time, core
brokers in North America (and recently in Europe) intend to establish IT-based solutions
that support the parts identification process and motivate dismantlers to consolidate their
core sales. Through these e-procurement solutions, some core brokers provide vehicle
dismantlers (D, E and F) with quotes for cores. The dismantlers describe the bargaining
process before the advent of such solutions as non-transparent and trust-based (D, E and F).
It mainly missed price transparency which dismantler D expressed as follows: “[a local] core
broker would come to our property, he’d look through the bins and gave prices. […] And
you were hoping for the best. […] You would have to trust the other guy”. The core brokers
further manage the corresponding transactions in terms of documentation, shipments and
payments. One dismantler (D) describes the IT-based procurement solution as follows: “It
comes very simplified now, it’s on the computer. You enter the VIN, it tells you what they
[the core brokers] need off that car. We checkmark it, it gets logged. We put it in the bin and
ship it away, very simple”. Although not all core brokers have such solutions in place, others
indicate that they want to implement IT-supported procurement solutions in the future (out
of group O). Yet other core brokers still rely on personal and long-term relationships, which
they built up with smaller core brokers and dismantlers (G).
Figure 3 shows a simplified demonstration of the e-procurement solution explained in the
following. Based on the VIN, a web-based search engine provides dismantlers with a
detailed list of components a core broker is interested in, including a price offer and
additional details whether the component needs to carry a specific part number range or
similar. These are core broker individual solutions and dismantlers must check with each
core broker’s web-based solution to receive quotes and additional information. However,
solutions exist that integrate the VIN-based search either into a stand-alone application (e.g.
CorePricing, www.car-parts.com) or even into yard management software (e.g. CCC Pinnacle
Yard Management, www.cccis.com). These solutions use the interchange information to
identify cores, though core brokers can still add their own interchange knowledge. This
“additional interchange knowledge” remains with the core broker. In addition, core brokers
may also connect demand information to balance their actual core supply with their core
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demand from remanufacturers. However, it could not be identified whether and how brokers
integrate supply and demand information.
Using both the software- and the internet-based core procurement solutions, the
dismantlers can compare prices of different core brokers and thereby estimate the sales
value of cores better. Although they still sell cores to local brokers, in such sales relation
“that guessing game is gone” (D). Other dismantlers clearly confirmed this result (E and F);
some also indicate that a greater share of their sales revenue comes from cores since they
use these solutions.
The e-procurement solution further facilitates the logistics processes by providing
shipping lists of dismantled parts. Regarding logistics, the core brokers offer additional
services that make core sales more attractive for the dismantlers. For example, the core
brokers take care of the shipments by ordering shipping companies to pick up bins of cores
at the dismantler’s facility. Because these core brokers are in the USA, shipments cross
jurisdictional boarders. Therefore, these core brokers also prepare the necessary customs
documentation. The dismantler only prints out documents and attaches them to the bins (D).
After the cores arrive at the core broker, the broker checks whether they comply with the
quality requirements of the brokers and releases the payment.
Dismantlers that use such solutions mentioned its contribution to an improved decision
making for dismantling deriving from an easier value assessment, from increased price
transparency and from the simplicity of sales, logistics and payment processes (D, E and H).
Although all interviewed dismantlers in Canada acknowledged their individual benefit due to
the increased price transparency, not all of them use e-procurement tools for sales. Dismantler
F does not sell to those core brokers because he saw a non-transparency towards deductions
the core brokers would apply after receiving and checking the shipped cores. In addition, the
delayed payment reduced the attractiveness for him. These are also reasons why core broker
G favoured the physical buying process. Hence, not everyone seems to trust the e-procurement
approach to the same extent. Nevertheless, the Canadian recycling expert referred to the
e-procurement solution as a “game changer” for the dismantling industry (H).
The aggregation of industry and market observations revealed another rather
macro-aspect of IT-based solutions. Experts from both regions saw great potential
regarding the application of IT-based solutions in general, not only for procurement but also
for yard management, even though they may not always agree on the efficiency of existing
e-procurement solutions. Especially in Western Europe, the information quality at the level
of dismantling yards in general seems to lag behind that of their North American
counterparts. If dismantlers do not know about their stock, this might be another reason
why they cannot sell cores to core brokers and remanufacturers.
Hidden potentials in the relationship management for core supply
The following subsection outlines the role of SRM in OLSCs from a more general perspective
with references to literature. Thereafter, the analysis of the results explains the potential of
SRM solutions for OLSCs with reference to theory. Policy and management implications
complement the discussion.
Supplier relationship management in OLSCs
Future sales strategies will most likely include those with a transfer of ownership, despite
the promotion of leasing and renting models as in “product service systems” (Tukker, 2015).
Third parties face challenges when aiming to establish OLSCs. Not only the collection of
used products and components but also the correct identification and later their distribution
remain challenging tasks. E-procurement solutions show the potential of SRM in OLSCs.
These solutions especially address the challenge of identification. In combination with

“hassle-free” logistics for those who collect the cores from different potential waste streams,
SRM approaches can improve availability and reduce lead times.
Although CLSCs for remanufacturing rely on additional supply from third parties, the
role of intermediaries has hardly been addressed (Prahinski and Kocabasoglu, 2006). The
core purchasing via core brokers might be considered a “buy-back” relation and therefore
a “lack of relationship” (Sundin and Dunbäck, 2013), yet the identified e-procurement
solution is a move towards closer relationships and hence towards somewhat more
integrated organisations. Because cores are the key resource for the remanufacturing
industry, supply shortages motivate to pursue the competitive advantage in procurement
relationships. Uncertainties about the availability (and the quality) of cores represent
information asymmetries causing transaction costs; delivery lead times due to different
and small suppliers cause transaction costs, too. These characteristics explain the move
towards more integration in accordance with theory (Carter and Rogers, 2008;
Subramoniam et al., 2010; Williamson, 1975). Before the appearance of e-procurement
tools, core brokers tended to exploit dismantlers because of strong information
asymmetries regarding the sales value of cores. This phenomenon of exploitation by
middlemen is known from recycling SCs (Medina, 2015) and appears similarly in the
observed context of cores for remanufacturing. The specific challenges of procurement in
reverse SCs in general and for remanufacturing in particular, such as the information gap
due to missing data on vehicle parts, sustain these issues of transaction costs and explain
why solutions such as the e-procurement tool are much more difficult to implement in
OLSCs than in traditional forward SCs.
The potential of E-procurement for core supply in OLSCs
This subsection analyses the study results with reference to the theoretical background and
thereby outlines a descriptive and explanatory theory of SRM practices in independent
automotive remanufacturing. Especially independent remanufacturers face a competition
with copies substituting their remanufactured spare parts on the aftermarket while the
shortage on cores increases (cf. competing sales market in Figure 1). Reduced lead times and
an overall increase in cores on the supply side would improve the competitiveness of
remanufacturers on the aftermarket. Core brokers are the crucial link between dismantlers
and remanufacturers that can positively influence the supply situation. However,
identification of cores as well as the comparison of demand, quality requirements,
prices and other transaction details with dismantlers via e-mail, phone or on-site
requires enormous efforts hence increases information and transaction costs of core brokers
significantly. Core brokers need to understand their suppliers’ needs to develop incentives,
facilitating formal exchange and thereby improving the relationship.
Although seemingly similar and potentially helpful, traditional SC management
approaches to overcome supply risks require careful adaption when applied to OLSCs for
remanufacturing. On the one hand, the outlined functions of the core brokers describe
typical functions of commerce that are crucial in real-world market environments, for
example, with incomplete information. On the other hand, these functions need to adjust to
the requirements of the circular economy. In the forward-oriented SC, the supplier is usually
able to provide the information necessary to sell its products. In a CLSC where a product
moves back from the customer to the same supplier, that is the OEM, the loss of product
information might be negligible; although different usage patterns affecting the quality of
returned products are present in any kind of reverse SC. However, the information
asymmetries in OLSCs are greater because the information about the original product
“decreases” significantly, for example, the information about which makes and models carry
interchangeable components (interchange information). Therefore, the core brokers meet a
very particular demand of the OLSC with their procurement solution.
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The identified e-procurement solution improves communication between the transaction
partners as it incorporates interchange information; the VIN-resolution makes it easy-to-use and
fit-to-purpose for the dismantlers. The ability to compare core prices through these solutions
significantly lowers information asymmetries and thereby balances the bargaining costs of the
involved transaction partners. The e-procurement approach further increases the awareness for
remanufacturing as an additional distribution channel. However, reduced information
asymmetries force core brokers to constantly pursue their competitive advantage that
depends on their relationships with dismantlers and their knowledge on cores. By constantly
investing in this knowledge, core brokers can create an incentive for their suppliers because they
provide the information needed to increase the profit per dismantled vehicle. Through better
interchange information and faster information transmission, core brokers can achieve access to
cores more easily and dismantlers may decide to dismantle components that they did not
dismantle before. The core broker’s ability to offer their suppliers additional revenue streams
increases the commitment of dismantlers to use their procurement solutions. This context
reveals the potential of middlemen for the circular economy, especially in more sophisticated
applications such as remanufacturing and when utilising the advantageous of IT-based
solutions. It is worth noting that the interviewed German dismantlers and recycling experts, not
aware of such solutions before, showed significant interest in their functions indicating that such
solutions are a facilitator for sales of used parts from dismantling to the remanufacturing SC.
Although the rivalry on the core broking market already reduced the number of
middlemen, e-procurement solutions seem to further reduce their number. In addition, some
remanufacturers may even consider eliminating any core broker in their OLSC or having
two types of OLSCs, namely, with and without a broker. Additional brokers that only add to
the nodes in a SC increase transaction costs because of repetitive instances of search and
bargaining and handling costs solely for the core broking process. Disintermediation is
hardly a surprising phenomenon if there were too many middlemen. Therefore, the
remaining core brokers must ensure that they do not lose their competitive advantage to
remanufacturers who decide to establish more formal procurement channels directly with
dismantlers. Indeed, the identified core brokers and their procurement solutions
demonstrate how they adjust to the needs of remanufacturing SCs, bringing their crucial
functions of aggregation and matching of supply and demand to some perfection in an
environment that has to deal with great uncertainties. This may well be their raison d'être
despite remanufacturers being tempted to circumvent them.
The face-to-face core broking process has advantages in immediate quality checks and in
the incentive of direct payments, preventing some dismantlers from changing to e-procurement
solutions. Despite these advantages, reduced overall transaction costs caused by e-procurement
allow core brokers to incentivise their suppliers with competitive core prices. Simplified
logistics processes (e.g. documentation and shipments) exceeding the functionalities of the
e-procurement solution are another incentive for dismantlers. If dismantlers are more aware of
quality standards because of better communication, core brokers can lower monitoring costs;
the core brokers can process shipments faster and release payments accordingly. Thus, the
involved actors can reduce uncertainties and potential disadvantages of delayed payments
while improving the overall supply situation. The core brokers establish a closer relationship
with dismantlers that value these incentives over direct payments by local brokers. Ultimately,
the core brokers may aim at relationships with dismantlers that value the overall combination
of incentives over the sole core price. The latter is important because practitioners usually
consider the price for the core as an almost exclusive factor for purchasing decisions though
reduced transaction costs may change this consideration.
Although the environmental standards of dismantling are not in the focus of this study,
they relate to the competitive environment at the level of dismantling; hence they can affect
the supply for remanufacturing. Higher recycling costs can reduce the attractiveness to

dismantle to a degree necessary for remanufacturing. Where many small dismantlers
compete on the market, they may not be able to provide reasonable sized core batches. Small
core batches and a high number of potential suppliers increase the search and bargaining
costs for core brokers or remanufacturers potentially to a prohibitive level. The market
structures in both regions explain the necessity for some middlemen that increase the
efficiency of the SC by identifying and purchasing and by collecting, sorting and
redistributing the cores. The number of potential suppliers may still be the reason for
remanufacturers to use the expertise of core brokers, which, in turn, is an argument to
advance the development of SRM for core broking.
In the future, core brokers may even use e-procurement for cores in relationships with
repair shops in addition to dismantlers, extending the supplier base (back) to the repair
shops, who supplied to local remanufacturers in the past. In this case, shipping cost may
thwart the supply potential because repair shops cannot collect that many cores. Core
brokers would need to find ways to further reduce the shipping costs for smaller quantities
of cores. Furthermore, OEM practices to establish CLSCs for spare parts without the
intention to remanufacture returned cores challenge the procurement at repair shops.
Implications for management and policy
The analysis of the study results indicates how industry and policy can help to reduce
supply shortages. The discussed e-procurement solutions can be an important facilitator for
OLSCs and hence for the circular economy; they were identified as a “game changer” for the
dismantling industry. Similarly as in traditional SCs, such solutions are a crucial feature in
the SRM between core brokers and dismantlers. However, SRM needs to adapt to the special
requirements of OLSCs. The core brokers offering these solutions recognise the needs of
their suppliers, namely, to easily identify valuable cores and thereby support the decision
process of the dismantlers. In combination with additional incentives, dismantlers may
increase their efforts towards core sales. In the same way as for automotive
remanufacturing, e-procurement solutions that tackle the identification of used parts and
components can increase the potential for OLSCs in general to contribute to reuse and
thereby to sustainability objectives. Core brokers need to utilise the potential of their
product knowledge (interchange information) while (independent) remanufacturers may
collaborate with brokers to yield this potential.
Fewer core brokers must deal with a great number of suppliers, making the strategic use of
SRM even more reasonable. The customers of cores, especially European core brokers
and remanufacturers, should revise their SRM practises and the potential development of
e-procurement solutions that support and incentivise dismantlers to become regular core
suppliers. One of the key challenges for Europe would be the dispersed or obscured interchange
information. Therefore, core brokers may collaborate with remanufacturers to increase their
knowledge on cores. Independent remanufacturers may even consider collaborating horizontally
to establish an independent core broker utilising the combined knowledge in its supplier
relationships. Such broking collaboration could safeguard interchange data and OEM influence.
Ultimately, core brokers or remanufacturers may consider integrating vertically with dismantlers
to improve their access to cores. Especially in Europe, it may be a seminal endeavour to develop
an e-procurement tool similar to the identified solutions to improve SRM.
The European dismantlers should evaluate the potential for additional revenue streams
through core sales. Therefore, dismantlers need an even better yard and inventory management
and may consider CLSCs for selected used components to receive back cores. Possibly,
dismantlers collaborate with core brokers or remanufacturers to limit transaction costs in these
SCs for cores.
If remanufacturing should increase as part of the circular economy, policy action must
accompany managerial actions. Although this study did not focus on the details of the
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competitive environment at the dismantling side, some implications derive from the results.
Because of the distorted competition in combination with missing revenues through “green
insurances” in some European countries, dismantlers are less motivated to dismantle cores.
The regulatory environment in both analysed regions may limit the supply potential through
OLSC because of a competitive advantage of dismantlers that do not comply with
environmental regulations. The enforcement of regulations may help to establish a fairer
competition at the dismantling market. Although for other reasons, environmental agencies
call for an enforcement of regulations too (e.g. UBA, 2017). Furthermore, a revision of
insurance regulations (e.g. in Germany) can allow for additional revenue streams that require
dismantling. More vehicles per dismantler and deeper dismantling may increase core
availability. Additional areas for policy action can be the information content of VINs and the
publicly available information on vehicle characteristics.
Conclusion and outlook
The study investigated independent actors and the role of SRM for these actors in the OLSC
for automotive cores to address challenges in these SCs. The study provides an important
contribution to the research on reverse logistics for remanufacturing, because it extends the
body of knowledge on the application of SRM in OLSCs with a focus on brokers. This focus is
important because brokers appeared at least partly reticent to collaborate with the research,
which might also be a reason why they have hardly been acknowledged by literature in the
past. The comparative analysis of practices in North America and Western Europe revealed
some challenges for core supply through OLSCs. Special challenges are the growing
complexity to identify vehicle components and the broad supplier base. The reduction of
information asymmetries and transaction costs is crucial for independent remanufacturing
SCs to oppose more integrated CLSCs. Fewer redundancies and efficiency enhancements at
the level of middlemen can reduce supply shortages. Although some results might appear
foreseeable, the analysis carved out the importance of core brokers in reverse SCs. These
brokers fulfil functions of commerce that are indispensable for the circular economy, wherein
independent actors contribute to the competitiveness of the system by matching supply and
demand in an increasingly efficient manner. The latter is an important finding for core brokers
and remanufacturers that may consider forms of vertical or horizontal collaboration rather
known from forward SCs such as in a purchasing cooperation, because some kind of
collaboration may become a key success factor in OLSCs. Furthermore, the study showed how
efficiency in the sense of the circular economy is achieved without regulation, although some
legislative adjustments may further facilitate more market-oriented solutions.
Tools facilitating the core identification combined with other incentives for suppliers can
support the circular flow of used products into remanufacturing, and into reuse in general.
Therefore, such tools can serve sustainability objectives. However, to what extent
e-procurement tools can reduce the shortage of cores needs to be further investigated as
well as the potential for e-procurement in other reuse industries, such as electronics. Along
with the latter, it is important to evaluate the sustainability of OLSCs in general, and reuse and
remanufacturing in particular, which is most likely case dependent (e.g. Cooper and Gutowski,
2017). Researchers may further investigate in more detail the competitive environment at the
dismantling market, and potential contributions and limitations of dismantling to sustainable
circular economies. In the future, an increasing maturity of the supply market for
remanufacturing may change the reluctance of core brokers to collaborate with the research,
which would provide additional research opportunities.
Industry and policy alike can help to grow supply with cores. The market actors are
responsible for the application of relationship management approaches attracting potential
suppliers. Nevertheless, some of the identified SC obstacles require governance to establish a
market environment supporting remanufacturing as part of a sustainable circular economy.
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Appendix. Guide for semi-structured interview
The structure of the guide is inspired by Cadilhon et al. (2003), who also cover multiple stakeholders in
systems of supply chains. Further studies on supplier relations (Lind et al., 2014; Sundin and Dunbäck,
2013; Östlin et al., 2008), literature on the analysis of marketing systems (Layton, 2007) and findings
from the initial expert consultation were used to develop the guideline categories. For this study on
supplier relationship management and e-procurement, the aspect of software support in the
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procurement process became more prominent. The dominance of the supply perspective changed to
the distribution perspective when dismantlers/recyclers were addressed in their role as suppliers for
remanufacturing (e.g. as suppliers to core brokers).
Identification and general diagnosis:
(1) Who is the interviewee (role/background in the business/association, and/or in the
remanufacturing system)?
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(2) Relevance of “sustainability” for business/association/remanufacturing system (customer
needs re sustainability and besides sustainability, if applicable).
(3) Differences in quality on the market (high/low difference) of those remanufactured
components “represented” by the interviewee.
(4) Use of distribution channels.
Diagnosis ( focus: procurement):
(5) Perception of the general market situation for the cores needed (degree of competition for the
type of core).
(6) Sourcing and procurement process (different supply/procurement channels; incentives
(e.g. deposits), (other) means to ensure core returns; software support).
(7) Additional supplier relationship characteristics (e.g. frequency; trust, contractual, etc.).
(8) Influence of other stakeholders (direct competitors (difference OEM/independent); indirect
competitors (dismantling/reuse/recycling); role of the core broker for the market/supply).
(9) Perception and experience with the legal environment (waste legislation; tax legislation; other?).
(10) Indicators of efficiency of the procurement market.
Prospects:
(11) Perception of the interest from (national) governments in remanufacturing.
(12) Customer behaviour towards and customer’s perception of remanufacturing; growth potential
for the market.
(13) Impact of digitalisation in vehicles on remanufacturing.
(14) Growth potential for core supply.
Action:
(15) Suggestions to improve the supply with cores for remanufacturing.
(16) Implications of those suggestions for other stakeholders.
Closing questions and remarks.
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Abstract
Purpose – The purpose of this paper is to identify and prioritise the success factors and challenges related to
competitive manufacturing (CM) capabilities in a high-cost environment, and identify their potential to support
future reshoring in textile and clothing (T&C) supply chains, with judgements from the practitioners’ perspective.
Design/methodology/approach – A Delphi study method is adopted with industry practitioners from the
region of Western Sweden. Following a literature review on reshoring to identify relevant factors related to
CM capabilities, a multiple round Delphi is designed to rank the success factors and challenges, and to further
evaluate the likelihood of the success factors to lead to future reshoring. Additional semi-structured
interviews are conducted to provide deeper explanation.
Findings – Empirical insights are both conforming to, and deviant from, evidences from extant literature.
Moderate agreement is seen among the practitioners on the success factors; time- and product/process-related
ones being ranked the highest. Low consensus is reached for the challenges, however, those related to high
costs and lack of local resources were key concerns. Some anomalies from previous conception emerge among
the challenges regarding increased costs of production, inventory and product variety trade-offs, and low
skillset presence.
Research limitations/implications – The paper contributes to reshoring research by identifying and
prioritising value-driven success factors and cost-related challenges to CM in high-cost environments, for
labour-intensive T&C industries. In connection, some interesting paradoxes originate when dealing with
multiple success factors.
Practical implications – Valuable insights are generated for informed decision making related to CM and
future choice of its location.
Originality/value – Along with the decisive knowledge of the reshoring success factors and challenges, the
study offers an interesting T&C practitioners’ perspective.
Keywords Sweden, Europe, Delphi, Decision making, Delphi study, Reshoring, Offshoring-reshoring,
Manufacturing capability, Textile and clothing
Paper type Research paper

1. Introduction
Reshoring is an emerging manufacturing relocation phenomenon which has gained
momentum in many industries due to numerous challenges related to long distance trade
and transactions (Kinkel and Maloca, 2009; Gray et al., 2013; Kinkel, 2014; Tate et al., 2014).
For instance, managers are increasingly evaluating the “true total cost” of offshoring, in
terms of increasing direct costs and difficulties related to managing offshore suppliers
caused by spatial, cultural and organisational distances (Abbott, 2007; Stanczyk et al., 2017).
Although a wide variety of motivational factors and drivers for reshoring have been
discussed in literature (see e.g. Fratocchi et al., 2016; Stentoft, Olhager, Heikkilä, and Thoms,
2016; Wiesmann et al., 2017), for example, related to location affecting production costs,
related to time affecting logistics costs and related to organisational structure affecting
network design; only few have underlined that beyond such scholarly focus on
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manufacturing location decisions it is important to address the managerial perspective
(Ketokivi et al., 2017; Kinkel and Maloca, 2009; Kinkel, 2014). Ketokivi et al. (2017) highlights
this by arguing that practitioners are largely guided by “factual premises” (i.e. beliefs) rather
than facts when making decisions (Simon, 1997), e.g. when determining where to locate,
whether to make or buy, either to produce small-series or in bulk, etc. Several reshoring
papers have developed or proposed tools to support managers and assist in such reshoring
decision making (e.g. Stentoft, Olhager, Heikkilä, and Thoms, 2016 propose a back-shoring
decision-making model, Joubioux and Vanpoucke (2016) propose a right-shoring model for
making informed decisions while choosing location of plants, and Wiesmann et al. (2017)
provide a comprehensive list of criteria that influence reshoring decision). However
this does not change the “fact” that practical implications of such tools lie in the interpretive
beliefs and behaviour of the managers/practitioners. As a result, the point of departure
should equally be the actual relocation decision and not only on the theoretical premises,
as pointed out by Ketokivi et al. (2017). Thus, there is a need to develop a more
organised scholarship by understanding practitioners’ views when making reshoring
decisions, i.e. what capabilities are perceived to enable the relocated manufacturing and
what are the challenges.
In connection, despite the significance of manufacturing capabilities to reshoring, the
operations and supply chain management literature has focused predominantly on the
macro-economic analysis (see Ellram et al., 2013) or in focussing on right reshoring
alternatives (see Gray et al., 2013; Fratocchi et al., 2014). By and large, literature addressing
the operational aspects related to manufacturing capabilities, and how these are perceived
from within the organisations to influence a specific decision is relatively sparse (Moradlou
et al., 2017). Recent authors have underlined the role of a vast array of competitive
manufacturing (CM) and supply chain capabilities in high-cost environment to be crucial to
support reshoring potential (see Ketokivi et al., 2017; Tate and Bals, 2017), such as higher
responsiveness (Moradlou et al., 2017), manufacturing flexibility (Martínez-Mora and
Merino, 2014), greater control (Robinson and Hsieh, 2016), long-term supply relationships,
and even higher demand for supply chain sustainability (Ashby, 2016; Joubioux and
Vanpoucke, 2016). Combined with the need to capture practitioners’ decision perspective,
the identification and prioritisation of these operations and supply chain-related success
factors and challenges, that would determine the competitiveness of manufacturing in
high-cost environment, is necessary to support further reshoring. In the context of
manufacturing supply chains that encompass activities directly related to sourcing,
manufacturing and distribution of the product and its components (Mentzer et al., 2001),
success factors are operational aspects related to CM, internal to the firm or the supply
chain, which are necessary for managers to devote attention to enable future reshoring
success. Challenges refer to difficulties or deficiencies which may act as barriers to the
development of CM capabilities.
Moreover, in order to capture such practitioners’ view on the topic, more industry-specific
studies are required. Martínez-Mora and Merino (2014) highlight that the effects of reshoring
differ based on the industry, depending upon various factors such as host country’s labour
market, etc. This makes the reshoring potential and the underlying requirement for
manufacturing capabilities considerably different between labour-intensive and capital-intensive
industries (Fratocchi et al., 2014). Considering the relatively low number of studies on reshoring
and supporting CM capabilities in labour-intensive industries, textile and clothing (T&C) offers
an interesting industry-level case. T&C industries were one of the very first industries to move
production to low-cost bases due to cost-related advantages, which are still the main
consideration for manufacturing locations (Appelbaum and Gereffi, 1994; Gereffi and
Memedovic, 2003). However, due to a variety of emerging pressures such as requirements
for green supply chains, sustainability or “country of origin” transparency for consumers

(Ashby, 2016; Uluskan et al., 2016), T&C companies are increasingly “moving back” parts of their
production. Still the potential of CM to support successful reshoring in such labour-intensive
T&C industries context is limited, due to shortage of skilled workforce, low digital technology
levels, and less evolved new business models in high-cost western economies (Bontoux et al.,
2017). Furthermore, in T&C industries, where manufacturing location in low-cost countries is
largely driven by low coupling and high formalisation (Ketokivi et al., 2017), understanding
what and how CM capabilities in high-cost environment[1] can reinforce reshoring, requires
specific attention.
The purpose of this paper is to identify and prioritise the success factors and challenges
related to CM capabilities in a high-cost environment, and potential to support
future reshoring in T&C supply chains, as judged from the practitioners’ perspective.
Thus, two research questions are formulated:
RQ1. What are the success factors and challenges related to CM capabilities in a
high-cost environment that can enable reshoring of T&C supply chains?
RQ2. What is the likelihood that the identified success factors would lead to further
reshoring of T&C production to high-cost environments?
To answer these questions, the paper sets out to identify a comprehensive set of factors
from the literature that may influence CM capabilities from a supply chain perspective in
high-cost environment. A Delphi study is carried out with a selected group of T&C
industries’ practitioners to determine the relative importance and seek motivation for these
factors in influencing reshoring. Out of the 12 success factors and 8 challenges finally
ranked by the practitioners, moderate degree of consensus was found regarding the success
factors—flexibility to meet short lead times, high product/service quality and product/
service customisation are top-ranked; while low degree of agreement is reached for the
challenges, but with most related to high costs.
For empirical data gathering, we concentrate on a region in Western Sweden. Sweden
can be considered as a high-cost manufacturing country based on the parameters of GDP
per capita (PPP) and average income per person (Roos, 2014). In line with few single
industry-specific regional studies on the topic (see e.g. Martinez-Mora and Merino, 2014), the
focus of the study is on a particular high-cost region (Western Sweden) where the majority
of Swedish T&C trade and clusters are located (Lindqvist et al., 2008).
2. Manufacturing capabilities and reshoring to high cost: a decision perspective
Reshoring commonly refers to the partial or full repatriation of production from offshored
foreign location to onshore[2], and is closely connected with the literature on manufacturing
location decisions (Kinkel and Maloca, 2009; Ellram et al., 2013; Gray et al., 2013; Fratocchi
et al., 2014). Extant research on manufacturing location decision highlights the role of
strategic alignment of internal resources and external market requirements in deciding the
right strategic location, that is required to build capabilities for creating and sustaining
competitive advantage (Soosay et al., 2016). While a market-based view has emphasised the
role of market trends, mostly macro-economic and other environmental factors, such as role
of government policies, country-level business risks, price fluctuations, etc. (Ellram et al.,
2013) for influencing such location decisions; from an operations and supply chain
management perspective, the primary focus has been on creating internal capabilities based
on deployment of key assets and resources that exist “with the organisation” (Soosay et al.,
2016). The later perspective on manufacturing competitiveness is grounded to a resourcebased view of firms required to create competitive advantage (Barney, 1991; Soosay et al.,
2016), and more importantly to understand how such capability perspectives determine the
manufacturing location decision (McIvor, 2013).
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However, as pointed out by Ketokivi et al. (2017, pp. 22-23), actual manufacturing
location decisions made are primarily bounded by a decision perspective guided not by
a priori theoretical approach that is neither location perspective (grounded to market-based
view) nor organisation perspective based on firm-level internal factors (grounded to
resource-based view), but rather “builds on the strategic decision-making literature in
general and the behavioural theory of the firm in particular”. This drives the factual
premises (or beliefs) regarding location decisions, and also the judgement of what
manufacturing capabilities the firm possesses, and the challenges it faces, based on which
the practitioners or managers in charge arrive at a specific decision. In line with the purpose
of the paper, we identify that such factual premises (or beliefs) regarding CM capabilities
and its potential to facilitate reshoring can fundamentally arise from the notion of
competitive advantage of a firm related to cost, differentiation or focus (Porter, 2004).
However, it must be noted that, in this paper, the unit of analyses are not the factual
premises or the decisions being made by practitioners, but are the success factors and the
challenges to CM capabilities. Even then, as the factual premises (or beliefs) primarily arise,
when practitioners judge their firms’ CM capabilities in high-cost environment that further
influence the reshoring decision; as a starting point, we briefly discuss the key aspects along
which these factual premises exist. Most often these are related to supply chain costs,
process interdependencies and resultant supply chain complexities.
2.1 Supply chain costs
Location can affect costs in both direct (e.g. taxes and wages), and indirect (e.g. convenience,
access) ways (Porter, 2004). While location decisions, such as organising production in
low-cost regions have most often been made for cost advantage, the resulting complexity
can affect consumer value, and thus generate faulty premises or assumptions related to total
cost of ownership (Tate et al., 2014; Gray et al., 2017). Ketokivi et al. (2017, p. 22) highlight
such factual premises that give rise to biased yet actual decisions, as was the case illustrated
through one of the interviewed executives’ statement “the reason for locating manufacturing
in China is because it offers lower costs”.
Increasingly, a more holistic view of costs related to manufacturing locations, including
longer lead times leading to higher inventory levels, high supply chain coordination costs
(Kinkel and Maloca, 2009), lesser flexibility and delivery ability (Kinkel and Maloca, 2009)
and increased risk of disruption (Ellram et al., 2013) can erode the cost advantages of
offshore outsourcing and make the choice to manufacture locally more cost effective (Tate
et al., 2014). Therefore, it is possible that manufacturing or producing locally through
systematic planning of production/sourcing location can provide managers better
information about total costs, as the supply chain is shorter, thereby leading to lower
transaction costs, lower supply chain coordination costs, ease of quality assurance and low
inventory levels.
2.2 Supply chain process interdependencies
While offshoring failures or miscalculations of cost and benefit have been found to be
common motivations for relocating manufacturing back to a high-cost region, recent
research shows additional, more strategic motivations for locating, or relocating, activities
in a high-cost region (Mykhaylenko, 2015). Such strategic issues associated with location
decisions are related to interdependencies of activities (Ketokivi et al., 2017). For example,
Ketokivi et al. (2017) found that often the final stage of production can take place in a
high-cost country when there is higher supply chain interdependency, in terms of: coupling,
i.e. the degree to which supply chain actors are dependent in their activities, specificity, i.e.
extent to which activities or investments of suppliers or producers are customer-specific,
and formalisation, i.e. the level of standardisation and, therefore, transferability. This level

of interdependency can also be described in relation to the modularity and the maturity of
the production (Branstetter et al., 2013). For example, luxury apparel is categorised as
process-embedded innovation as the way that the materials are cut and sewn can greatly
affect the product quality, therefore innovation benefits from closeness (Branstetter et al.,
2013; Robinson and Hsieh, 2016).
When studying the location decisions in SMEs, Gray et al. (2017) found reshoring
decisions were made even when products were labour-intensive, standardised and
inexpensive to ship, or simply with low coupling and high formalisation as identified by
Ketokivi et al. (2017). This perhaps goes beyond decisions being made on the basis of facts,
instead based on initial assumptions made by the supply chain managers. Gray et al. (2017)
concludes that “the reshoring decisions could not be completely explained by changes in
relative costs between offshore and high-cost countries” ( facts). “Rather, they were
corrections to offshoring decisions that […] undervalued important yet difficult-to-quantify
risks and performance challenges.” The paper addressed location decisions of a high price
US apparel manufacturer for three product types (standard, complex and sweaters) that
were initially offshored due to cost and labour, but later two of the three products were
reshored due to a variety of reasons, e.g. time and quality-related challenges (see, e.g. Kinkel
and Maloca, 2009). Relocation solved the issue through use of automation (in cutting
apparel), use of domestic sub-contractors or in-house dedicated capabilities ( for quality
sewing), and eventually enabling a make-to-order strategy. Sweater production still
remained outsourced due to the lack of nearby capabilities. This lack of capabilities
resulting from extensive offshoring has been especially visible in labour-intensive
industries, such as clothing and footwear (Martínez-Mora and Merino, 2014). Therefore,
interdependencies can demand production being located close to other stages in the value
chain; however, lack of competencies locally can be a barrier to reshoring production.
2.3 Supply chain complexity
Supply chain complexity issues make the decision-making uncertain and data (or fact)
availability difficult. With the lack of adequate data (or fact), existing models, and
judgements based on them, are erroneous, as was highlighted by Gray et al. (2017). In such
cases “higher levels of (initial offshoring) experience lead to (offshoring) decisions made with
a better understanding of the cost and performance implications” (Gray et al., 2017, p. 44), i.e.
adding factual premises to the fact. Ketokivi et al. (2017) highlight that supply chain
interdependencies are a manifestation of some underlying complexity in supply chains. As
previously mentioned, complexity in the supply chain resulting from offshoring has the
potential to negatively affect the flexibility of a company’s operations (Kinkel and Maloca,
2009). Unlike global products, products specific to the needs of the local market demand
more coupling with customer-specific post-production services (Ketokivi et al., 2017). This
requires responsiveness to demand that can be enabled by both flexibility and agility
(Wiesmann et al., 2017). Responsiveness can be achieved, e.g. as described by Martinez-Mora
and Merino (2014), for smaller quantities and higher quality in order to respond to customer
demands in a timely manner, as in the Spanish footwear industry. Therefore, depending on
the specifics of the industry and the expectations of the customers, producing locally can
create benefits related to flexibility, responsiveness and competing based on time.
Owing to the high degrees of complexity in managing dispersed production, relocating
production or supply can ensure increased control. Such supply chain control can be
beneficial to create opportunities locally, such as optimal capacity utilisation, or protection
of capacity (Bals et al., 2016; Fratocchi et al., 2016), for example, through higher degrees of
automation. Additionally, cooperation among firms is seen as a major source of competitive
advantage; proximity to strategic partners (stakeholders, markets and customers) can
reduce complexities of offshore production, e.g. reduced demand responsiveness
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(Fratocchi et al., 2016; Moradlou et al., 2017), or supply/resource volatility (Ellram et al. 2013).
Ashby (2016) highlighted that proximity in locating multiple production stages (process
coupling, see Ketokivi et al., 2017) can enable better coordination and sharing of information,
knowledge and skills between manufacturers and suppliers. In the long term, such
intensified communication manifests benefits for joint problem solving and product
development, including increased potential for innovation, higher quality and customisation
(Ashby, 2016; Bals et al., 2016; Fratocchi et al., 2016; Stentoft, Mikkelsen and Jensen, 2016).
Increasingly, more informal relationships and types of governance can allow a company to
harness the tacit skills and expertise of the supplier, potentially leading to greater visibility
and sustainability (Ashby, 2016). Other benefits identified include increasing awareness of
sustainability issues (Ellram et al., 2013; Tate et al., 2014; Wiesmann et al., 2017) and
transparency of the value chain (Ashby, 2016). There is also a potential for added meaning,
or value related to production being located near to consumers (Ashby, 2016), which has the
potential to strengthen relationships with the customer and facilitate greater access to
invaluable customer know-how or market knowledge ( Joubioux and Vanpoucke, 2016), for
production-market coupling.
3. Methodology
To address the purpose and research questions, a Delphi method is a viable research approach
particularly to seek industry-specific opinion related to reshoring and manufacturing location
decisions in high-cost regions (Gray et al., 2013). According to Schmidt (1997) and Avella
(2016), Delphi method is suitable when addressing opinions as opposed to facts, particularly
when addressing complex topics where no clear causal relationship exists to explain the
phenomena; as with the topic of reshoring and CM capabilities decision making is largely
reliant upon practitioners’ belief rather than facts (see e.g. Ketokivi et al., 2017).
To elicit a consensus from a representative panel of experts, a Delphi study is a
systematic, iterative process (Okoli and Pawlowski, 2004) where the panel is chosen
carefully, comprising of knowledgeable and mutually anonymous respondents through a
selective sampling procedure. In our study, the opinions being gathered were from the
practitioners of the T&C industries in order to understand the competitiveness of
production and manufacturing currently, and the likelihood of further reshoring in the next
three to five years. While one participant’s opinion, being a mix of knowledge and
speculation, is not considered strong enough to make conclusions, the process of averaging
opinions that have been gathered separately is considered more accurate to reach consensus
among a panel of experts (Okoli and Pawlowski, 2004; Avella, 2016).
In our study, a two-phase method was adopted (see Figure 1). First, as the basis of the
Delphi, a literature review was systematically conducted within the area of reshoring in
order to identify the success factors and challenges relevant to CM capabilities in a high-cost
environment. As stated above, reshoring is emerging with relatively few studies and
reviews present in literature (Wiesmann et al., 2017). Therefore, the specific method of
modified Delphi entailed the identification of the initial items from literature review as a
basis for designing the Delphi, as used in Melnyk et al. (2009).
Subsequently, the modified Delphi was conducted by starting with a semi-structured
interview round to facilitate the design of the questionnaires and to provide added
understanding of the importance of the identified success factors and challenges. The
specific details of the two-phase method are discussed in the following sections.
3.1 Phase 1: literature review
The literature review process was done by following explicit criteria for database search (on
ABI/INFORM and Scopus), choice of definite keywords as search terms and strings, and for
deciding inclusion and exclusion criteria (Tranfield et al., 2003) (see Table I). The goal was to
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ABI/inform
Search area: Anywhere
Document and source type: Scholarly journal article
Language: English
Year: All (till 2017)

Search terms and strings
(“Reshor*” AND “supply chain”)

55 (ABI)—all added
48 (Scopus)—22 added
(“Reshor*” AND “supply chain”) AND (“competitive 32 (ABI)—6 added
manufacturing” OR “manufacturing
24 (Scopus)—10 added
competitiveness” OR “manufacturing capabilit*”)
(“Reshor*” AND “supply chain”) AND (“local
11 (ABI)—0 added
production” OR “local manufacturing”)
0 (Scopus)
((Reshor*) AND (“supply chain”)) AND (“make-buy”) 2 (ABI)—0 added
0 (Scopus)
((Reshor*) AND (“supply chain”)) AND ((textil*) OR 23 (ABI)—0 added
(cloth*) OR ( fabric) OR (apparel))
2 (Scopus)—0 added
1 (ABI)—0 added
(Reshor* AND “supply chain”) AND (“local value
chain” OR “local supply chain”)
0 (Scopus)
Total
93
Inclusion criteria and rationale
Exclusion criteria and rationale
Article needs to focus on reshoring and include
Article focuses on offshoring exclusively –
competitive manufacturing aspects – Not sufficient if Exploring only the aspects of offshoring can shed
reshoring is only mentioned, as many topics use the light on the subject but not pertinent for the study
concept without it being a focus. Additionally
Article focuses on services or consumer behaviour –
manufacturing capabilities need to be highlighted as Helpful for motivating the topic but not the focus of
per paper’s purpose
the manufacturing capabilities in reshoring context
Article focusing on local production or
manufacturing, e.g. in high-cost environment. This is
as per the context of the study
Final list
22

Table I.
Keyword-based
search combinations,
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and inclusion/
exclusion criteria
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identify items that could guide the semi-structured interviews to be able to generate possible
success factors and challenges related to CM capabilities that can enable reshoring in a high-cost
environment. This motivated reviewing the reshoring literature at first, to set the scope of the
review, and then add-on literature within related areas of: CM, manufacturing capabilities, local
production/manufacturing, etc. and also those more specific to the industry context, i.e. T&C.
After removing all duplications, a list of 93 articles were made ready for manual screening based
on the inclusion/exclusion criteria and rationale, as specified in Table I.
After the screening, a final list of 22 articles was identified (presented as a separate list in
the reference section). These papers clearly include specific aspects related to drivers,
enablers, motivations and barriers for reshoring, which could be understood through the
lens of CM capabilities that are internal to the firm or the supply chain.
A significant number of the articles (7) in the review were published in a special issue of
Operations Management Research journal on the topic, “Reshoring: A Supply Chain
Innovation Perspective”, published in 2016. The remaining articles were published in
Journal of Purchasing and Supply Management (4), International Journal of Physical
Distribution and Logistics Management (3), Journal of Supply Chain Management (2), Journal
of Operations Management (1), International Journal of Globalization and Small Business (1),
Business Horizons (1), European Business Review (1), Industrial Management & Data
Systems (1) and Journal of Textile Institute (1).
Analysis of the identified literature was carried out in order to summarise and
understand the existing research and identify concepts, which led to the preparation of a list
of 23 success factors and 9 challenges. These success factors were categorised in the
following groups: cost-related, time-related, product/production quality, service or
innovation-related, relationships and others, based upon an initial framework proposed in
Sansone et al. (2017) and in contrast to Fratocchi et al.’s (2016) interpretive framework based
on cost vs consumer’s perceived value.
3.2 Phase 2: modified Delphi
Although Delphi method is described as flexible in design (Okoli and Pawlowski, 2004),
there are critical aspects with consideration to the design of the questionnaire (MacCarthy
and Atthirawong, 2003), selection of participants, anonymity and feedback provided to the
participants throughout the process (Okoli and Pawlowski, 2004; Avella, 2016).
The modified Delphi study reported in this paper was conducted in three main steps,
with the aim to reach a consensus (Schmidt, 1997).
3.2.1 Step 1: sampling. Participants for the modified Delphi study were chosen from an
initial list of 183 companies operating in the T&C region in Sweden, consolidated from a
number of industry sources and databases (e.g. ModeInk, Allabolag.se, Retriever), of which
74 were selected on the basis of being directly involved with T&C manufacturing or related
production processes (e.g. printing, dyeing). Only micro, small and medium sized enterprises
(MSMEs) were included as they constitute nearly 99.8 per cent of Swedish T&C firms
(TEKO, 2015). The companies were contacted personally to interest them in participating in
the study, resulting in a final sample of 19 companies (and 20 participants), 11 of which are
producers and 8 production service providers (e.g. dyers, printers, etc.). In total, 42 per cent
of the companies in the final sample were micro companies (i.e. with employees ⩽10), and
rest were SMEs. Out of the total 19, 9 of MSMEs have never outsourced their main activities.
In line with literature, (e.g. Okoli and Pawlowski, 2004) the number of participants is
appropriate for constituting a Delphi study (optimum between 10 and 18)—thus with an
acceptable response rate of 25.7 per cent. The participants in the final sample were
practitioners working in the T&C industry in Sweden (e.g. operations managers, managing
directors with over five years of production-related experience), manufacturing, producing

and/or sourcing locally; thus showing sufficient practical knowledge on the subject matter
(MacCarthy and Atthirawong, 2003).
3.2.2 Step 2: refining the item list. In order to ensure better identification of the items
(success factors and challenges) appropriate to the practitioners and the situation,
semi-structured interviews were carried out with all of the 20 participants. The items found
through literature review were used as an interview guide to elicit any addition to, elaboration
on, and adjustment of the items with the practitioners’ perspectives (Schmidt, 1997).
Conforming to a semi-structured procedure, the participants were presented with the list
of items derived from the literature (23 success factors and 9 challenges) and with relevant
explanations. Questions such as: “in your opinion, is this item important for the
competitiveness of local production in high cost regions, specifically in the T&C industry?—
why/why not?, if yes, how/in what way?; how do you think these items can lead to/enable
further reshoring of production to the region?”, were asked. The understanding gained from
the explanations and additions from the practitioner’s perspective guided the presentation
of the final set of items. Following the interview, the initial list of success factors and
challenges was finalised to 28 and 16, respectively. The resulting list of items became the
content for the following paring down and ranking rounds.
Additionally, the qualitative data gathered from the interviews provided explanations of
the results and, therefore, ensured a minimum of qualitative information available from the
participants for each item. The most pertinent information gained from the interviews was
transcribed to provide further explanation of the findings.
With an additional goal for the interviews to introduce and explain the study to the
participants, supplementary explanations and Swedish translations for some of the terms
were provided, and sent to the participants for preview before the interviews. Respondent
validation, as described by Okoli and Pawlowski (2004), increases the quality of the study,
as the interviews resulted in a more comprehensive list of items, and allowed clarification of
any misunderstanding arising due to language issues or other comprehension difficulties
between the researchers and the practitioners. Summarised contents of the interviews,
following transcription of the recordings, were sent to the practitioners for verification.
3.2.3 Step 3: paring down and ranking the item list. An online questionnaire was devised
for conducting the subsequent rounds of paring and ranking in the Delphi. For the rounds, a
response rate of 70 per cent was received for paring down, and subsequently 70, 63 and
63 per cent for the three ranking rounds. During the paring down and first ranking rounds the
total number of participants was 20, while in the remaining rounds, one participant opted out.
In the paring down round, the practitioners were asked to select the most important success
factors and challenges in order to ease the process of reaching a consensus in the next rounds.
The paring down can be considered to be done when there are 20 or less items left (Schmidt,
1997). In line with Schmidt´s (1997) attempt to create a more consolidated list of randomly
ordered items, a simple majority of the responses was sought for (50 per cent or more). This led
to finally paring down the items to 12 success factors and 8 challenges, considering that the
maximum response counts (in the rounds) for each item were 12 and 11, respectively.
Following the paring down round, the specific process of the ranking rounds of the
Delphi was based on the method outlined in Schmidt (1997). The items in the final list were
ranked in terms of their relevance and relative importance, meaning that rank 1 was asked
to be assigned to the most important item while 12 and 8 to the least important success
factors and challenges, respectively.
For the Delphi ranking rounds, analysis was done using non-parametric,
non-probabilistic statistical technique following the guideline laid in Schmidt (1997), and
as in Huscroft et al. (2013). Each ranking round was evaluated for the strength of consensus
with Kendall’s W (value about 0.3 interpreted for weak agreement, 0.5 for moderate
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agreement and 0.7 presenting a strong agreement). At the onset of each ranking round,
controlled feedback was provided to inform the outcomes of the previous rounds for
facilitating building of consensus, based on the evaluation of: mean ranks for the items,
Kendall’s W to determine the strength of consensus and responses supporting the inclusion
of an item as important. Stopping rules were exercised after three rounds of ranking were
conducted as we reached moderate consensus for the “success factors”, while lack of
progress from round 2 was observed in the individual ranking orders for the “challenges”,
thus indicating a weak level of agreement.
As highlighted by MacCarthy and Atthirawong (2003), with the Delphi approach it is
important to report and reason consensus achieved and divergent opinions if full consensus
cannot be reached. This was done by seeking support of relevant confirmatory comments
from the practitioners explained in Step 2.
After the ranking procedure, the same set of practitioners were asked to evaluate the
likelihood of how the listed success factors can enable higher reshoring potential, on a three
point Likert scale (1 ¼ very unlikely to 3 ¼ very likely). Response rate for this round was 60
per cent (out of all 20 practitioners). Kendall’s correlation coefficient (T ) was also calculated
to show the degree of correlation between two set of ranks ( final round rank and reshoring
round rank) accounting for and making adjustments for ties (Schmidt, 1997; Abdi, 2007).
4. Findings
4.1 Identifying the items through literature review
The findings of the literature review present success factors and challenges that are relevant
for the discussion of sustaining CM in a high-cost region. Fratocchi et al. (2016) categorise
the motivations for reshoring as either being cost or value focused. Different cost
components and difficulties related to the complexity resulting from offshoring production
have been found to be motivations for reshoring, including difficulties coordinating the
supply chain (Kinkel and Maloca, 2009; Kinkel, 2014). However, it has been proposed that
increasingly consumer perceived value, such as issues related to time, flexibility and higher
dependability are being considered along with a more complete view of costs and
profitability (Ellram et al., 2013; Fratocchi et al., 2016).
The categorisation of the success factors and challenges was done in line with the
dimensions for operations capabilities proposed in Sansone et al. (2017). The categories
proposed in Sansone et al. (2017), however, demanded some revision to clearly accommodate
certain success factors, e.g. those related to relationship. Thus, the success factors were
categorised into five groups related to: cost, time and flexibility, production and product/
service quality and innovation, relationship and others (mainly environmental), and the
challenges into four groups related to: cost, capacity and resource, supply chain, and market
and information (see Table II). The grouping of product/service and production together was
largely driven by the notion of concurrent production essential in CM context (de Treville
et al., 2017). “Apparel production lends itself […] to the idea of concurrent production”, which
is crucial to produce high-quality goods that require more complex transfer of material and
design information, create jobs of reasonable quality, i.e. train apparel workers with
semi-automated processes, and increase overall innovation (de Treville et al., 2017, pp. 3-4).
Thus, quality and innovation aspects related to products/services and production processes
are often integrated in concurrent approaches (O’Leary-Kelly and Flores, 2002), particularly in
textile and apparel production (Pal and Torstensson, 2011).
4.2 Finalising the items and paring down
The semi-structured interviews resulted in qualitative information related to the success
factors and challenges retrieved from literature, and an additional six success factors and

Key
dimensions

Key issues identified from the
literature for CM in high-cost

Costdimension

Increasing managerial
awareness of the total cost
of sourcing and ownership

Supporting authors

Ellram et al. (2013), Fratocchi
et al. (2016), Gray et al. (2013),
Robinson and Hsieh (2016),
Tate et al. (2014) and Uluskan
et al. (2016)
Cost savings related to
Ashby (2016), Bals et al. (2016),
transportation, coordination
Fratocchi et al. (2016),
and systematic planning,
Grandinetti and Tabacco (2015),
inventory, transaction, and
Grey et al. (2013), Joubioux and
quality assurance
Vanpoucke (2016),
Martínez-Mora and Merino
(2014), Robinson and Hsieh
(2016), Stentoft, Olhager,
Heikkilä, and Thoms (2016),
Wiesmann et al. (2017) and Zhai
et al. (2016)
Delivery and Higher speed and dependability Fratocchi et al. (2016), Stentoft,
flexibility
of delivery compared to
Olhager, Heikkilä, and Thoms,
dimensions
offshore production
(2016), Wiesmann et al. (2017)
and Zhai et al. (2016)
Organisational flexibility and
Ashby (2016), Bals, et al. (2016),
improved responsiveness,
Fratocchi et al. (2016), Joubioux
especially when there is volatile and Vanpoucke (2016), Martínezdemand
Mora and Merino (2014),
Moradlou et al. (2017) and
Stentoft, Mikkelsen and Jensen
(2016)
Agility, flexible supply chain
Grandinetti and Tabacco (2015),
reconfiguration
Robinson and Hsieh (2016) and
Wiesmann et al. (2017)
Quality,
Increased control, lower
Ashby (2016), Bals et al. (2016),
service and
complexity and innovation
Ellram et al. (2013), Fratocchi
et al. (2016), Grey et al. (2013),
innovation
risks compared to offshore
Joubioux and Vanpoucke (2016),
dimensions
production
Martínez-Mora and Merino
(2014), Robinson and Hsieh
(2016), Stentoft, Olhager,
Heikkilä, and Thoms, (2016), Tate
et al. (2014), Wiesmann et al.
(2017) and Zhai et al. (2016)
Bals et al. (2016) and Fratocchi
Optimal capacity utilisation
et al. (2016)
Tate et al. (2014), Fratocchi
Automation for increased
et al. (2016) and Wiesmann
productivity
et al. (2017)
Change in production strategy Ashby (2016), Bals et al. (2016),
Fratocchi et al. (2016), Joubioux
for focusing on innovation,
and Vanpoucke (2016), Robinson
higher quality and
and Hsieh (2016), Stentoft,
customisation
Olhager, Heikkilä, and Thoms,
(2016) and Wiesmann et al. (2017)

Success factors
formulated
Cost-related
Better information
about total costs
Ease of quality
assurance
Low inventory levels
Lower supply chain
coordination costs
Lower transaction
costs
Systematic planning
of production/
sourcing location
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Time and flexibility
related
Operational flexibility
Better agility
Better responsiveness

Production and
product/service
quality and
innovation-related
Customisation
product strategy
Higher control and
efficiency of local
production and
supply chain
Optimal capacity
utilisation
Increased potential for
innovation
Automation of
production and use of
digital technology
High productivity of
local production
Lower risk of supply
chain disruption
Change of production/
sourcing strategy

(continued )

Table II.
Formulation of
success factors
and challenges

IJLM
29,4

1158

Key
dimensions

Key issues identified from the
literature for CM in high-cost

Servicedimension
(partly)

Proximity to stakeholders,
especially customers and
the market
Proximity to resources
Potential for added meaning, or
value and strengthen
relationship with customer to
receive customer know-how of
the market
Informal relationships to
harness tacit skills and
expertise of the supplier
Increased trust, and access to
skilled workers

Supporting authors
Ashby (2016) and Fratocchi
et al. (2016)

Relationship-related
Proximity to market
Proximity to
Ellram et al. (2013)
necessary resources
Ashby (2016), Joubioux and
Proximity to strategic
Vanpoucke (2016) and Stentoft, partners
Olhager, Heikkilä, and
Thoms (2016)
Ashby (2016)

Fratocchi et al. (2016), Stentoft,
Mikkelsen and Jensen (2016);
Stentoft, Olhager, Heikkilä, and
Thoms (2016), Wiesmann et al.
(2017) and Zhai et al. (2016)
Environment- Strong intellectual property (IP) Bals et al. (2016), Fratocchi et al.
protection
dimension
(2016), Grey et al. (2013),
(partly)
Joubioux and Vanpoucke (2016),
Stentoft, Olhager, Heikkilä, and
Thoms, (2016) and Wiesmann
et al. (2017)
Greater sustainability
Ashby (2016), Ellram et al.
awareness and transparency
(2013), Grey et al. (2013), Tate
et al. (2014) and Wiesmann
et al. (2017)
Key challenges identified from the literature for Supporting authors
CM in high-cost
Stricter environmental regulations
Ellram et al. (2013), Gray et al.
(2013) and Wiesmann et al.
(2017)
Absence of manufacturing stages
Ashby (2016) and MartínezMora and Merino (2014)
Inadequate capacity
Fratocchi et al. (2016) and
Wiesmann et al. (2017)
Absence of skilled workers, suppliers and
Fratocchi et al. (2016) and
know-how
Stentoft, Olhager, Heikkilä, and
Thoms, (2016)

Table II.

Success factors
formulated

Others (mainly
sustainability-related)
Environmental issues
Strong Intellectual
Property (IP)
protection
Higher transparency
within the supply chain

Challenges formulated

Cost-related
Higher costs related to
local regulations
Capacity and resource
related
Inadequate
production capacity
Lack of know-how
Lack of raw materials
and components
Lack of skilled workers
Supply chain-related
Loss of global supplies and suppliers
Ellram et al. (2013), Fratocchi
et al. (2016) and Wiesmann et al. Limited availability of
Reduced bargaining power
(2017)
distribution/supply
Factor market risks
networks
Loss of strategic
partners offshore
Lack of complete information for locational
Ashby (2016), Ellram et al.
Market and
decision
(2013), Fratocchi et al. (2016),
information related
Lack of attractiveness of local market
Grey et al. (2013) and Wiesmann Lack of complete
regarding consumer and labour
et al. (2017)
information for location
Loss of attractive offshore markets
decision making
Loss of proximity to
offshore market(s)
Note: The table includes 23 success factors and 9 challenges identified through literature review

six challenges were identified. In addition, the participants’ explanations of the items
identified from the literature were also used to adjust the items. For instance, better agility
and responsiveness were combined into flexibility to respond to changes in demand, as none
of the practitioners highlighted the aspect of rapid reconfiguration. Instead, the focus was on
shorter lead times and smaller batch sizes to meet higher product variety, which is related to
flexibility and responsiveness. Similarly, as there were significantly different responses
regarding the challenging high costs related to environmental and labour regulations, the
challenge was separated into two: high costs due to strict environmental regulations and
high costs related to labour regulations. Thus, any addition to, elaboration on and
adjustment of the items with the practitioners’ perspectives after the interview round
resulted in 28 success factors and 16 challenges. Further, based upon a simple majority of
valid responses (50 per cent or more), final paring down of the items led to 12 success factors
and 8 challenges, considering that the maximum response counts (in the rounds) for each
item were 12 and 11, respectively (see Section 3.2.3). Figures 2 and 3 show the amended and
added success factors and challenges, respectively.
The majority of the shortlisted success factors were related to product/production and
time aspects. None of the cost-related items were chosen to be important enough to be in the
final list, though several of the challenges can be related to costs. The remaining challenges
that moved to the ranking rounds were capacity and resource-related, and market and
information-related.
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4.3 Ranking (and explanation) of the success factors, challenges and reshoring potential
Following the paring down round, both the success factors and challenges were ranked to
assess their relative importance as an enabler/barrier to competitive T&C manufacturing
supply chains in high-cost region, such that Rank 1 ¼ relatively best, and so on.
In these rounds, the items were not presented in categories to avoid any biases towards

Time and
flexibility
related

Cost related

0
Better information about total costs
Ease of quality assurance
Low inventory levels
Lower supply chain coordination costs
Lower transaction costs
Systematic planning of production/sourcing location
Operational flexibility
Better agility
Better responsiveness

2

4

6

8

10

12

14

Availability of total cost information

Flexibility to meet short lead times
Flexibility to respond to changes in demand

Available production capacity
Extremely high product/service quality

Increased potential for innovation
Production/service specialisation

Automation of production and use of digital technology
High productivity of local labour/production
Distribution quality

Lower risk of supply chain disruption
Change of production/sourcing strategy
Proximity to market
Proximity to necessary resources
Proximity to strategic partners

Co-location of multiple supply chain steps
Closeness to customers
Closeness to skilled labour and know-how

Environmental issues

Commitment to environmental protection
Consumer awareness of benefits of producing locally
Company’s ownership

Strong intellectual property (IP) protection
High transparency within the supply chain

Success factors
amended through
interviews

Other (mainly
sustainability
related)

Relationship
related

Production and product/service
quality and innovation related

Flexibility of purchase orders (small batches)

Customisation product strategy
Higher control and efficiency of production and supply chain
Optimal capacity utilisation

Success factors from literature
Success factors added through
interviews

Note: The cut-off for shortlisting an item to the ranking round was a response count of 6, i.e. a
simple majority (.50 per cent) considering maximum response counts of 12)

Figure 2.
Final list of pared
down success factors

0
Cost
related
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Higher costs related to local regulations

2

4

6

8

10

12

14

Higher cost related to local environmental regulations
Higher costs related to strict labor regulations
Higher fixed costs with own production
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Capacity and
Resource-related

Inadequate production capacity
Lack of know-how
Lack of raw materials and components
Lack of skilled workers
Mismatch between technology and quality requirements

Figure 3.
Final list of pared
down challenges

High supplier minimums

Lack of complete information for location decisions
Loss of proximity to offshore market(s)
Lack of consumer awareness
Short lead time expectations

Challenges
amended through
interviews

Market and
info related

SC
related

Balance low inventory with high variety

Limited availability of distribution/supply networks
Loss of strategic partners offshore

Challenges from literature
Challenges added through
interviews

Note: The cut-off for shortlisting an item to the ranking round was a response count of 5.5,
i.e. a simple majority (.50 per cent) considering maximum response counts of 11)

reaching consensus. Table III presents the mean of each item in rounds 1–3, ordered by their
final mean rank (i.e. from the round 3), thus representing the order of their importance as
perceived by the practitioners. Therefore, the items with lower resulting mean ranks are
deemed more important on average.
Following the final ranking round, these 12 success factors were evaluated for the
likelihood of leading future reshoring to high-cost regions, along a three-point scale (“1” ¼
very unlikely to “3” ¼ very likely). The resulting means are presented in Table III, alongside
the ranking, with values closer to 3 indicating greater likelihood of leading to reshoring in
the region. The means of the success factors and their potential to drive reshoring are
displayed along with the mean rank in brackets.
Given the number of items (12 success factors and 8 challenges) and the number of
responses in each ranking round (14, 12 and 12 in rounds 1, 2 and 3, respectively), the
Kendall’s W was further calculated. The consensus in the first round was fairly low (0.18) for
success factors and 0.13 for challenges. During the next two rounds, the consensus increased
to 0.32 and 0.31, respectively, and finally to 0.5 and 0.36. The Kendall’s T was ¼ 0.604, along
with the one-tailed probability of p ¼ 0.004. As the probability p ¼ 0.004 is less than α (0.005
for 12 items), it shows significant correlation between the importance of factors contributing to
CM and their perceived importance in leading further reshoring in the high-cost region.
As the coefficient W of 0.5 marks moderate agreement for the success factors, there is fair
confidence in the ranks, as mentioned above. Thus, according to the practitioners, the three
most important success factors for sustaining competitiveness in high-cost manufacturing
supply chains were: flexibility to meet short lead times (1.4), extremely high quality of
product and/or service (3.8) and customised product and/or service (4.3). While there was
moderate agreement of the importance of the top three, several of the other success factors
were also ranked highly by individual practitioners, which can be explained by their area(s)
of activity and the overall diversity of the sample.
While there was moderate agreement of the success factors, the general consensus in the
final round was found to be weak for the challenges, as the level of agreement did not

Mean rank

Key success factors
Flexibility to meet short lead times
Extremely high quality of product and/or service
Customised product and/or service
High control and efficiency of production or supply chain
Flexibility of purchasing practices (suppliers offering small
batch sizes/no minimum orders)
Flexibility to respond to changes in demand (number and
type of products)
Available production capacity
Specialisation of production and/or service
Commitment to environmental protection
Closeness (geographical distance) to skilled labour and
know-how
Closeness (geographical and cultural distance, close
relationship) to customers
High potential for innovation
Kendall’s W
Kendall’s T

Round 3
Future
Round Round
(Final
reshoring
1
2
order rank) (Final order
(n ¼ 14; (n ¼ 12;
(n ¼ 12;
rank) (n ¼ 12;
N ¼ 20) N ¼ 19)
N ¼ 19)
N ¼ 20)
3.6
4.6
5.0
6.5

2.6
3.4
5.3
6.4

1.4 (1)
3.8 (2)
4.3 (3)
5.2 (4)

2.5 (2.5)
2.7 (1)
2.3 (6)
2.4 (4)

6.7

5.8

5.8 (5)

2.3 (6)

6.1
6.2
6.6
7.9

7.6
6.0
6.8
7.9

6.6 (6)
7.0 (7)
7.3 (8)
8.0 (9)

2.3 (6)
1.8 (11.5)
2.5 (2.5)
2.0 (8)

8.1

8.5

9.4 (10)

1.9 (9.5)

8.6
8.0
0.18

8.3
9.3
0.32
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9.6 (11)
1.8 (11.5)
9.7 (12)
1.9 (9.5)
0.5
0.604 ( p 0.004o α 0.005; 12
items)
Mean rank
Challenges
Round Round Round 3
1
2
(Final
(n ¼ 14; (n ¼ 12; order rank)
N ¼ 20) N ¼ 19) (n ¼ 12;
N ¼ 19)
High fixed costs with own production
3.6
2.1
2.3
High costs due to strict labour regulations
3.7
3.8
3.6
Balancing low inventory with high variety
4.4
4.3
3.7
Lack of skilled labour
3.7
4.3
4.1
Lack of consumer awareness of local production and benefits 4.4
4.9
4.5
Table III.
Increasingly short lead time expectations and fast
Mean ranks of success
changing fashions
5.4
4.5
4.9
factors, their
Lack of know-how
4.6
5.3
5.8
reshoring potential
Supplier minimums too high
6.1
6.9
7.2
and challenges after
Kendall’s W
0.13
0.31
0.36
each Delphi round

increase significantly ( from 0.31 to 0.36 between rounds 2 and 3). However, the ranking
rounds resulted in revealing some key challenges such as: high fixed costs due to own
production (2.3), stricter labour regulations (3.6) and balancing of low inventory with high
variety (3.7), as the important three for further reshoring to a high-cost region. It can also be
concluded that there is significant correlation between the importance of success factors
that contribute to CM and that are perceived to lead to further reshoring in the region, as
reflected by the Kendall’s T-test. Below, the results of the ranking are analysed with support
of quotes obtained from the interview round, to exemplify the insights and experiences from
the practitioners.
4.3.1 Cost-related success factors. The practitioners perceived costs related to local
manufacturing higher than with offshoring and more challenging as opposed to beneficial.
This means that all the cost-related factors were eliminated before the ranking round.
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4.3.2 Time and flexibility-related success factors. This category includes three ranked
items: flexibility to meet short lead times (ranked 1st), flexibility of purchasing practices
(i.e. suppliers offering small batch sizes/no minimum orders) (ranked 5th), and flexibility to
respond to changes in demand (ranked 6th).
The practitioners highlighted that the ability to meet short lead times, thus enabling
quick delivery to customers—is a key to produce and deliver locally. One of them explained:
“[…] time is very, very important […] we have very short lead times in the production […] if
they [customers] come with an order, then we start weaving it, […] on average the lead time
is about six working days, for all products […] (ours is as low as one day)”, while another
added: “Our reputation is that we can make any garment […] and deliver in two weeks […]
it’s the reputation we like”. On the other hand, increasingly short lead time expectations
along with fast changing fashions were described to be challenging.
Further, with the need for fast delivery is the need for offering smaller order batches, or
sometimes even single piece orders, to match the rapid and shortened fashion lifecycle.
Many practitioners underlined this issue from two perspectives. From the customer side this
helps in meeting customer (mainly retailer) demand for small order sizes to be able to change
between products quickly, as noted “[…] here in Sweden we produce very small quantities
[…] it’s important for our customer, because, today you can’t buy all the time several
thousand […] you need to produce 10, 20, 100, 500”. From the supplier side, this allows for
buying smaller quantities to allow for lower inventory levels upstream, and can also help to
maintain stronger relationships with suppliers within Europe. Overall, as one practitioner
highlighted “Fewer but more often […] That’s the basic idea of our organisation: to offer
high quality and extremely high service with shorter times[…]”.
4.3.3 Product, production and service quality and innovation related. This category
includes the largest number of ranked items (six): extremely high quality of product and/or
service (ranked 2nd), customised product and/or service (ranked 3rd), high control and
efficiency of production or supply chain (ranked 4th), available production capacity (ranked
7th), specialisation of production and/or service (ranked 8th) and high potential for
innovation (ranked 12th).
From the product point of view, extremely high quality that the practitioners associated
with raw materials, final products/services, production and sustainability, complements the
shorter lead time requirement when it comes to high-cost manufacturing. The basic idea was
“To make the whole product so expensive and so hard to make, such that the low-cost
manufacturers cannot make it, e.g. wool is too expensive for them to buy, then they don’t use
this quality”. Another practitioner stated: “We are just using producers [suppliers of raw
materials] in Europe, because then […] you have to produce according to the EU laws […]
it’s much better, because it’s much more controlled in the EU”, which can be explained by
having more control and being assured of the quality and sustainability related to raw
materials. Co-location of activities was mentioned to be crucial for enabling higher degrees
of control and efficiency, leading to higher degrees of reliability in choosing suppliers based
upon production and delivery dependability.
The necessity for higher quality also relates to different levels of product customisation, as
was highlighted by many practitioners to create the niche products high in both quality and
use of sustainable materials, and providing the reason to produce them locally. A few
companies focus on a diverse target group, as one practitioner stated: “We have many
products […] and they are so customised, so it would be difficult for us to make them abroad”.
Higher degrees of customisation emphasise a focused market approach, i.e. producing a wide
range of niche products as was pointed out by one of the practitioners: “I don’t think we can
specialise here in Sweden because the demand is not high enough to only make one product
[…] as soon as the quantities get higher it will be outsourced to low-cost countries”.

However, some of the companies (nearly 50 per cent) had a different perception towards
specialisation. For them a focused factory approach was important, considering their small
production capacity, as was argued by few practitioners “[…] all the companies who are left
in Sweden in textile production are specialists in their own little area, that is why they are
living, I think […] because it is really difficult to make so many different products.” In
relation, scaled-up production capacity in particular labour-intensive processes, such as
sewing, was crucial to consider.
Interestingly, high potential for innovation was ranked as the least important success
factor. Some degrees of innovation were underlined in relation to “new” product development
for creating high-quality material and for production of premium products in-house.
However, the apparel manufacturers did not regard innovation to be predominant in such
labour-intensive production context; perhaps a supporting argument can be drawn from the
fact that automation and new digital technologies are not currently considered as crucial
success factors by most of the practitioners and were not included in the final ranking list.
4.3.4 Relationship-related success factors. This category includes two of the three least
ranked items: closeness to skilled labour and know-how (ranked 10th) and closeness to
customers (ranked 11th).
Access to skilled and knowledgeable labour in an industry where production has largely
been outsourced for over five decades can be understood as a key challenge, which if
available would enable competitiveness. For example, one of the sewing company
practitioners underlined the necessity to have more skilled seamstresses in-house.
In addition, presence in local market by being close to the client/customer was deemed as a
key success factor. Most of the practitioners in the study were from companies that were
either private label manufacturers or from profiling companies, which largely requires
presence in the market. Although geographical and cultural proximity to clients (retailers) was
explained to be beneficial in terms of having a shared language and culture, other aspects
such as customisation and maintaining close business-to-business relationships were deemed
to be essential for those who are willing to sell high quality at high service levels.
4.3.5 Other success factors. Some of the practitioners expressed that commitment to
environmental protection and sustainability is an important success factor, ranked 9th in the
list. By complying with stricter environmental certifications, e.g. GOTS, some practitioners feel
that it can provide a better sales argument towards their customers, and explain why their
products are more expensive than others. As underlined by one of the practitioners, such
environmental compliance “It´s a really important issue for our European market, especially
the Scandinavian brands. Because we have our own production, and we have European raw
materials, it is quite easy […] for us to adapt to sustainability issues and to even make it better”.
4.3.6 Future reshoring potential. The relative importance of success factors differ
slightly between their current ranking and future potential for reshoring. The most likely
success factor to lead to further reshoring to the region was extremely high quality of
products and/or services which is increasingly valued by practitioners, especially with
increasing awareness of environmental issues. In addition to high quality, short lead times
and specialised production were considered highly likely to enable further reshoring of T&C
manufacturing. As previously mentioned, the reputation to be able to meet demand quickly
and be dependable (see Sections 4.3.2 and 4.3.3) were emphasised by many as the main
differentiation for the customer, which is likely to continue to be true. Additionally, there is
an expectation that volume and product mix flexibility and being able to produce in-season
will grow in importance, in response to the fast changes of fashion and short product lifecycles. In summation, there was significant correlation (T ¼ 0.604) as to the current
prioritisation of the success factors for CM in a high-cost region and their likelihood of
enabling further reshoring.
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4.3.7 Challenges. Among the challenges, six out of the eight ranked items were added on
through interviewing the practitioners (see Figure 3). Even though there was a low degree of
consensus in the ranking generated, it could be clearly observed that the practitioners
considered the cost- and capability-related items to be the most crucial challenges; high fixed
costs, high costs due to strict labour regulations, and balancing low inventory and high
variety were ranked as the top three challenges.
Instead of lower costs, CM in high-cost regions was pointed out to increase both direct
and indirect costs. Major issues for increasing costs were underlined to be related to
customer order volume and mix fluctuations. Regarding overall order volume, one
practitioner indicated, “[…] the request goes up and down, but you still have your factory,
you still have the machines, and most important the staff”, meaning that the overhead cost
allocated per product emerged very high considering low scale and high seasonality. This
was, however, countered by many firms through efforts towards maximising the product
quality and degree of customisation. Additionally, high direct labour cost with lack of
benefits or subsidies to the manufacturers from the government to favour local production
makes it even more difficult. One of the practitioners expressed difficulty by stating: “[…]
even if we automate a lot and print digitally we still need people[…] if we could have a little
less [taxes from the government] it would make it easier”.
Maintaining high product variety mix was additionally highlighted to increase inventory
cost, as it was argued: “We must have a big amount of fabric and material [for a wide
variety] […] Today is difficult […] we can buy variety of fabric to stock buy we don’t know
if our customer will buy or not”. From the supplier side (mainly fabric suppliers), the
necessity to have considerably high minimum order quantities added to the burden of
balancing low inventory and high variety. Additionally, it was underlined by the garment
manufacturers that lack of local suppliers which could offer high quality, sustainable
materials by complying with strict environmental regulations, invariably increased the
bargaining power of the existing suppliers.
Additionally, lack of process and market-related know-how were also deemed as key
challenges. While on one hand high labour cost was a challenge, shortage of skilled labour
with practical know-how on the other hand was seen as equally problematic. One local
sewing company owner stated: “It is not easy these days to find skilled seamstresses who
have the necessary experience to quickly sew large order volumes; we have to train them
ourselves—this would require time”. This relates to lack of process (sewing, weaving)
know-how available locally. To add to this argument another practitioner added: “We have
some good university and vocational training schools in the region, but when it comes to
experience the practical know-how is missing […] for instance, to put a pair of trousers
together, you should know all seams, etc. but you have never done this in a volume and fast,
or have never taught someone, […] you have never done this in a factory set-up”. In order to
bridge this knowledge gap it is essential for the industry associations and the local retailers
to take joint efforts and invest in process and skill development. However, such investments
could be risky, and just an additional cost to be incurred by the retailer if the end consumer
is not ready yet. Some of the practitioners highlighted that both B2B customer and end
consumers are not yet aware of and are not willing to pay for the benefits of producing
locally (i.e. for high quality, speed, sustainability, etc.): “Everybody wants to buy and
produce here but they want to pay China prices in Sweden, […] the customer needs to be
more aware of the high quality and environmental benefits of producing locally”.
5. Concluding discussion
In line with the highlighted importance for, and lack of, decisional perspective in CM
enabled re/right-shoring location choices (Ketokivi et al., 2017), this research study is one of

the first to empirically capture the industry practitioners’ perspective on the subject.
Contextually, it is also unique as there is limited knowledge of CM-enabled reshoring in
labour-intensive industries (Martínez-Mora and Merino, 2014), like T&C. In particular, this
study contributes to the missing understanding of high-cost CM on a supply chain level
(Ellram et al., 2013) in the following respects.
First, we identify a range of success factors and challenges to CM in a high-cost
environment that have the potential to sustain reshoring. The success factors and challenges
are broadly categorised into five and four categories, respectively, (see Table II, Column 4),
which are further refined with practitioners’ perspectives through the Delphi study.
Second, we provide a quantitative ranking of the items acting as success factors and
challenges, to investigate their relative importance. In particular, flexibility to meet shorter
lead times, high product quality and high degrees of product/service customisation were
considered most important among the success factors. Considerably low agreement was
reached in the ranking of the challenges; however, in particular those challenges regarding
costs and lack of resources and operational capabilities were the key concerns.
Additionally, through support by statements from the participating practitioners our
study reveals both confirmatory and deviant evidences from those found in earlier
literature. For instance, meeting short lead times by ensuring flexibility in producing
smaller batches in order to create value for retail clients, confirm benefits to producing
locally (e.g. Kinkel and Maloca, 2009; Martínez-Mora and Merino, 2014; Fratocchi et al.,
2016). Furthermore, the ability to offer high quality in terms of products/services and
production along with aspects of sustainability complement the shorter lead time
requirement. This ability is key for retail customers sourcing regionally for better control
(Ashby, 2016; Robinson and Hsieh, 2016). Also, this provides the possibility to offer
customer-specific niche product/services (Fratocchi et al., 2016), both in terms of high
quality and use of sustainable materials, while providing the reason to produce them locally
(Fratocchi et al., 2016; Wiesmann et al., 2017). Regarding the likelihood of how the foregoing
factors would enable future reshoring, there was fair agreement among the practitioners.
This result is in line with motivations in literature relating to difficulties with quality and
flexibility in producing offshore (Kinkel and Maloca, 2009).
Limited consensus, in extant literature and among the practitioners was found for the
challenges to produce in a high-cost region. High fixed costs related to local production was
a challenge acknowledged by many, especially due to the seasonality of demand, and
contradicts research that has suggested increasing cost-benefits as motivations for
reshoring (e.g. Kinkel, 2014). Additionally, the need to provide a wide variety of products/
services to customers was seen as a challenge to inventory levels, much different to previous
findings suggesting that local production can lead to lower inventory levels (e.g. Ashby,
2016). This difficulty can be related to the challenge of supplier minimums being too high,
seen as challenge rather than success factor, opposing the general claim of total cost saving
with reshored production (e.g. Fratocchi et al., 2016; Wiesmann et al., 2017). Furthermore,
finding skilled labour and know-how rather than confirming the motivation to reshoring to
access skills (e.g. Fratocchi et al., 2016; Wiesmann et al., 2017) was seen as a challenge
attributed to the absence of manufacturing competencies that has resulted from extensive
offshoring in labour-intensive industries (Martinez-Mora and Merino, 2014).
5.1 Implications for theory and practice
This study contributes to the reshoring research by addressing the success factors for CM in
high-cost regions that have the potential to sustain future reshoring. By highlighting the
importance of success factors, i.e. cost, quality or time, etc. (Gray et al., 2013), we provide a
comprehensive literature review leading to an updated categorisation of the factors enabling
and challenging manufacturing capabilities in high cost. The resulting prioritisation
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regarding CM capabilities and potential to facilitate reshoring puts into question the
importance of efficiency or cost-related motivations for locating production in a high-cost
region, and instead highlights the importance of value-driven motivations (operational
flexibility, product quality and customisation, and production control and efficiency), in line
with Fratocchi et al. (2016).
The study also reveals some interesting paradoxes in dealing with certain success
factors when juxtaposed. In a supply chain context, such paradoxes refer to the existence of
tensions among different goals and strategies regarding both operational performances in
the physical flow of goods, typically cost vs lead time considerations, and also more
strategically oriented types of paradoxes (Sandberg, 2017). Specifically, the ability to be
flexible in production to meet short lead times was important to produce competitively in a
high-cost environment. However, the need for high-quality materials (another success
factor) in local production led to difficulties in meeting short lead times as, per one example,
in particular ordering high-quality yarns could require up to several months. A further
paradoxical situation, that is more strategic in nature, exists when higher degrees of
customisation emphasise a customer-specific approach for producing a wide range of niche
products; while on the other hand, for some practitioners such as those in sewing companies,
a focused factory approach was more important for higher specialisation and scaled
activities. In some cases, having customer-specific production meant sacrificing product
quality based on the needs of the customer (retailers), mainly because of the challenge of
customer awareness lacking regarding the benefits of producing locally and the willingnessto-pay a premium price for locally manufactured products.
Additionally, the research can provide support for understanding location decisions
more broadly in relation to make/buy decisions (see Wiesmann et al., 2017), giving context to
the benefits and challenges to sourcing or producing in a high-cost region. Like Ketokivi
et al. (2017), the study suggests the greater importance of the type of product rather than
industry, for motivating the location of activities in a high-cost region, as there was no
strong agreement of the most important success factors or challenges.
This research also provides valuable insights to companies on the overall importance of
success factors, thus helping managers/practitioners with better informed decision-making
related to CM, and further choice of manufacturing location. Based upon the practitioners’
identification and prioritisation of the success factors and challenges to producing T&C in a
high-cost region, companies should focus their efforts more specifically on a number of
time- and product/process-related factors to build their manufacturing competitiveness. As
T&C industries are labour intensive, shorter lead times (ranked 1st) and higher production
process control and efficiency (ranked 4th) can improve customer perceived value and
differentiation. In addition, niche product strategies, e.g. high product quality (ranked 2nd)
and offering customised volume or variety (ranked 3rd) can also increase the customers’
willingness to pay a higher price to compensate for the challenges of both high direct and
indirect costs (see e.g. Martinez-Mora and Merino, 2014; Fratocchi et al., 2016).
5.2 Limitations and future research
Based on the delimitation drawn in the Delphi study, in terms of focus towards one industry
and limited to a particular geographical region, the generalisability of the findings can be
considered somewhat limited. However, as mentioned earlier, such context and industry
specific research focusing on a particular industry-region choice can be of significant
importance (see Martínez-Mora and Merino, 2014). As in our case, historically the region of
Western Sweden has been the location of many T&C companies involved in production and
trade (The Swedish Trade and Invest Council, 2017). Another limitation of this research is
the potential bias in the selection of the sample of Delphi participants. However, by
following recognised guidelines set in Okoli and Pawlowski (2004) for including between

10 and 18 respondents for each Delphi round; each of them having long term experience in
working with manufacturing companies in a high-cost region. Ogden et al. (2005) argues
that in such cases it is unlikely that another panel would reach a totally different consensus.
A number of interesting research opportunities emanate from these findings. As future
research, the findings can be used to build upon theories emerging in the “shoring” (location
decision) and “sourcing” (make/buy decision) literature (Ketokivi et al., 2017), such as
paradox theory (Smith and Lewis, 2011) to address the previously described paradoxes.
Additionally, the findings could benefit from being addressed through different theoretical
perspectives, including social-network theory like used by Ashby (2016), as the relational
aspects of the supply chain have implications on the most important aspects found, related
to time, and production. Finally, as the findings are bound to the methodology (e.g.
Wiesmann et al., 2017), it would be beneficial to address these concepts further with a
variety of methods, both qualitative and quantitative, to gain even richer understandings of
the field of reference. For instance, applying multi-criteria decision-making tools to
determine right-shoring/sourcing strategy based upon the prioritised success factors.
Further, a much richer data set from multiple industries and geographies can also be used to
make more hypothesis-testing studies.

Notes
1. In our paper, high-cost environment (including regions and countries) is defined by relevant input
factor such as wage—largely determining the Gross Domestic Product (GDP) per capita of countries.
Typically, low wage countries, e.g. Bangladesh has monthly minimum wage in clothing industry
o$75, in high wage countries and regions, e.g. South Korea, Western Europe W$1,000. Often the
wage/labour cost in the garment industry is determined by hourly compensation rate. Sardar et al.
(2016) present that in developed markets (herein, referred as high-cost environment), e.g. Sweden, the
labour costs in the textile industry (in USD) is ~125 times that in Bangladesh.
2. In our paper, in line with Gray et al. (2013), reshoring refer to in-house reshoring and reshoring for
insourcing options, as applicable for manufacturers.
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Abstract
Purpose – The purpose of this paper is to present the results of South Africa’s national freight demand
model and related logistics cost models, and to illustrate the application of the modelling outputs to inform
macrologistics policy.
Design/methodology/approach – Spatially and sectorally disaggregated supply and demand data are
developed using the input-output (I-O) model of the economy as a platform, augmented by actual data. Supply
and demand interaction is translated into freight flows via a gravity model. The logistics costs model is a
bottom-up aggregation of logistics-related costs for these freight flows.
Findings – South Africa’s logistics costs are higher than in developed countries. Road freight volumes
constitute 80 per cent of long-distance corridor freight, while road transport contributes more than 80 per cent
to the country’s transport costs. These challenges raise concerns regarding the competitiveness of
international trade, as well as the impact of transport externalities. The case studies highlight that domestic
logistics costs are the biggest cost contributor to international trade logistics costs and can be reduced
through inter alia modal shift. Modal shift can be induced through the internalisation of freight externality
costs. Results show that externality cost internalisation can eradicate the societal cost of freight transport in
South Africa without increasing macroeconomic freight costs.
Research limitations/implications – Systematic spatially disaggregated commodity-level data are
limited. There is however a wealth of supply, demand and freight flow information collected by the public and
private sector. Initiatives to create an appreciation of the intrinsic value of such information and to leverage
data sources will improve freight demand modelling in emerging economies.
Originality/value – A spatially and sectorally disaggregated national freight demand model, and related
logistics costs models, utilising actual and modelled data, balanced via the national I-O model, provides
opportunities for increased accuracy of outputs and diverse application possibilities.
Keywords Macrologistics, Modal shift, Externalities, Evidence-based policy, South Africa
Paper type Research paper

Introduction
Unabated population growth, urbanisation, and resulting increased consumption is
expected to intensify pressure on transport services (Ivanova, 2014). This is exacerbated by
the global reality that transport infrastructure is approaching capacity levels (Müller et al.,
2012) and the need to enable full cost trade-offs (i.e. including externalities) in purchasing
and logistics decision making to reduce logistics’ environmental impact (McKinnon, 2014;
Liljestrand et al., 2015).
Disaggregated national freight demand modelling will be a key enabler for the
management of transport and logistics as a macroeconomic production factor within this
changing landscape. Logistics- and connectivity-related interventions are estimated to have
the highest potential to reduce trade costs and to boost global value chain integration
(World Bank, 2016). Zaman and Shamsuddin (2017) estimated that timeliness of logistics
has a significant impact on per capita income. Coto-Millán et al. (2016), using Logistics
Performance Index (LPI) data, estimated that every 1 per cent increase in LPI, ceteris
paribus, increases domestic technical efficiency by 0.59 per cent.
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Almost four decades ago, Kojima (1982) reflected on the importance of incorporating the
impact of transport costs and input-output (I-O) interactions into macroeconomic theory.
Lakshmanan and Anderson (2002) emphasised the need for performance-based research to
demonstrate the link between logistics infrastructure investment and economic growth.
Liu et al. (2006) referred to the dynamic correlation between macroeconomic development and
logistics development that supports and enables economic growth. Yet, Tavasszy and De Jong
(2014) still lamented the sluggish development of measurement tools to inform and evaluate
national freight transport policies, and ascribe this mainly to the failure of viewing transport
and logistics as a component of public policy and national competitiveness, in line with other
macroeconomic measurements. In South Africa, out of the 86 development indicators tracked
by the South African government (Department of Planning, Monitoring and Evaluation, 2014),
not one refers to freight logistics, or the key role it plays in the country’s development and
economic competitiveness. The same holds true for the regular macroeconomic indicators
tracked by the South African Reserve Bank and Statistics South Africa.
The objectives of this research are to present the results of South Africa’s national freight
demand model (FDM) and related cost models, and to illustrate the application of the
modelling outputs to inform the macrologistics policy debate.
In the context of this research, national freight demand modelling refers to the
development of a model that estimates the total volume of freight movements within a
country. This therefore includes all domestic flows as well as international trade (i.e. crossborder trade and maritime imports and exports). Spatial and sectoral disaggregation of such a
national FDM is essential for the model to have meaningful applications to address challenges
within the nation’s freight flow landscape. The logistics costs model takes the volumetric
outputs a step further by quantifying the logistics and externality costs associated with each
flow to inform policies and investments for improving the country’s competitiveness.
The paper is structured is as follows. The literature survey describes the rationale of
national freight demand modelling within the context of the public policy lifecycle, followed
by an overview of the history of this type of modelling to inform the methodology which is
subsequently presented. The results section first presents the aggregate outputs of South
Africa’s FDM, followed by the application of the modelling outputs to inform identified
macrologistics challenges. The concluding remarks summarise the research outputs and
resulting proposed macrologistics policy interventions.
National freight demand modelling: rationale and historical perspectives
The rationale for national freight demand modelling
Four decades ago, Van Es (1977) eloquently described the purpose of national freight
demand modelling, which still holds true today (De Jong et al., 2016), namely:
•

conducting impact assessments of transport policy alternatives;

•

informing policy measures to influence optimal modal competition;

•

informing measures to improve transport infrastructure and related policy;

•

estimating the future size and composition required per mode based on the volume
and composition of future transport demand and socio-economic initiatives to
influence spatial location and demand patterns;

•

conducting cost-benefit analysis for decisions on transport infrastructure projects for
rail, road, intermodal transport, ports and hinterland connections; and

•

in the long run, inform regional economic policies with regard to spatial integration
(land-use planning), i.e. the extent to which the spatial integration of economic
activities can be altered in the light of infrastructure policy or vice versa.

Banomyong et al. (2008) summarised these aspects into four components of logistics
systems, i.e. infrastructure, the institutional framework, service providers and shippers of
goods, and acknowledged the importance of developing logistics policy with the goal of
supporting the broader regional or national economic development objectives. The project
“Tools for Transport Forecasting and Scenario Testing (TRANS-TOOLS)”, the EU-level
freight policy model, reiterated the policy focus of such systemic analysis to inform
sustainability, intermodality and decoupling (Korzhenevych, 2012). Tavasszy and De Jong
(2014) emphasised the need for an explanation of the drivers of freight transport, optimised
design of freight systems and continuous performance assessment of these systems.
Similarly, Simatupang (2013) introduced this in his definition of policy logistics, i.e. the
process of planning, facilitation, implementation, monitoring, and controlling the flow and
storage of goods within and between logistics systems with the goal of improving their
competitive advantage, efficiency and fairness. Delfmann et al. (2010) broadened the role of
logistics, referring to the systematic configuration, organisation, control and regulation of
logistics activities in such a way that balanced economic, ecological and social goals can be
achieved more effectively (the triple-bottom-line to facilitate and measure sustainable
development as put forth by the United Nations (1987).
This comprehensive perspective of logistics within the macro economy represents the
core of the emerging field of macrologistics. The goal of measurement in this realm is to
extend performance visibility across the national logistics system by systematically
defining, quantifying and tracking the component-level performance of the national logistics
system as well as the interaction between components in order to provide the data-driven
impetus for an efficient and effective national freight transport policy process.
The public policy lifecycle is composed of seven stages, i.e. issue identification,
analysis, consultation, development and adoption, implementation, monitoring and
evaluation, and, finally, adjustment (adapted from Allas, 2013). The ultimate goal of public
policy is to select the appropriate course of action for achieving a set of predefined
outcomes (Cloete, 2009). These predefined outcomes are being repositioned in terms of
improving total economic welfare, described as the most equitable combination of
economic, societal and environmental benefits (Allas, 2013). The latter is only possible
when the policy debate is shifted from emotional and rhetorical arguments to a datadriven process as an antecedent to the policy development component of the policy
lifecycle (Duffy, 2017; Wendling et al., 2018). This impersonalises the policy development
process and facilitates informed decision-making by reducing both complexity and
uncertainty due to objective quantification which, in turn, facilitates agreement between
stakeholders (Stacey, 2002; Ansell and Geyer, 2017) (refer Figure 1).
For each policy development cycle, the issue identification and initial analysis stages will
be characterised by uncertainty and disagreement (anarchy). Once appropriate data are
obtained, and relevant decision-making tools developed from these data, the consultation
phase can be guided by these objective inputs, improving the likelihood of agreement
between stakeholders and improving certainty regarding the most effective policies and
outcomes (shifting from anarchy to reduced complexity). This therefore accelerates policy
development and adoption. A constant striving for objective dialogue during these stages
will facilitate implementation. The data-driven approach should also provide the tools for
the monitoring and evaluation of the policy implementation. Once new issues surface or
adjustments need to be made to current policies given shifts in the country’s internal or
external indicators, a new policy cycle is entered, which is again characterised by
uncertainty and disagreement until appropriate data provides clarity for the way forward.
This continuous cycle is depicted in Figure 2.
The purpose of the FDM and the related cost models is to provide this data-driven
impetus for the national freight transport policy cycle in South Africa.
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The history of national freight demand modelling
Transport demand modelling was formalised for passenger transport planning during the
1960s with the development of the sequential four-step model. The four steps refer to trip
generation, trip distribution, mode choice and route assignment. From a freight demand
modelling point of view, the four steps are defined as follows (De Jong et al., 2004):
(1) Production (supply) and attraction (demand) – estimating the spatial distribution of
economic activities.

(2) Distribution – modelling volumetric freight flows between origins and destinations.
(3) Modal split – the allocation of the volumetric freight flows to modes.
(4) Assignment – converting flows to vehicle-units and assigning these to networks[1].
Regan and Garrido (2002) and Marcos and Martos (2012) summarised three basic
approaches to freight transport demand modelling: econometric models, microeconomic
models and network-based models. De Jong et al. (2004) classified the latter two as models
within the modal split step of the four-step process. The origins of the microeconomic
models are in the behavioural theory of the firm. The demand for freight transport is derived
by considering transport as one of the inputs into the production or marketing process of the
firm, and is typically classified as behavioural or inventory-based models (Marcos and
Martos, 2012). Behavioural models estimate freight transport demand as the result of a
process of utility maximisation derived from the mode choices made by either the consignee
or the shipping firm (Regan and Garrido, 2002). Inventory models analyse freight transport
demand from the viewpoint of an inventory manager, attempting to integrate mode choice
with other working capital considerations such as shipment size and shipment frequency in
order to attain an adequate picture of mode choice trade-offs (Baumol and Vinod, 1970;
Winston, 1983; Abdelwahab and Sargious, 1992).
Network-based models apply optimisation rules to reach market equilibrium between
supply and demand by assigning the distribution of freight traffic to an identified network
to aid with routing optimisation. If modelled from a carrier point of view, systems
optimisation is assumed, while from a shipper point of view, user optimisation is assumed
(Harker, 1985; Marcos and Martos, 2012). In order to reduce total supply chain costs,
horizontal and vertical collaboration should be a key enabler of this optimisation process
(Fugate et al., 2009; Spiegler and Naim, 2014).
Microeconomic and network-based models are however not appropriate for application
to integrated multi-industry, multi-commodity freight movements due to the data and
modelling complexity required for the latter; applications were typically within a specific
industry or geography. Econometric models, which estimates integrated multi-industry,
multi-commodity freight movements, therefore form the core of national FDMs, and will be
discussed in more detail.
Econometric models attempt to identify and analyse cause-and-effect and correlative
relationships between total freight demand and its drivers, i.e. the spatial distribution of
economic activities and resulting flows, the first two steps of the four-step model. There are
essentially two methodologies available to develop data on the spatial distribution of
economic activity: a survey approach and a demand-side approach.
A survey approach is based on the distribution of a questionnaire to a sample of freight
logistics stakeholders and, through statistical analysis of the responses, the characteristics of the
total freight market is estimated. Questionnaire-based surveys however tend to underperform
due to sampling biases, non- or partial responses (Kockelman et al., 2009), time lapses and
changes in scope. This hampers the development of systemic logistics observations, impacting
their macroeconomic effectiveness (Havenga and Pienaar, 2012; Bergquist et al., 2016).
The demand-side approach includes I-O models where interrelations between sectors of
an economy are analysed and translated into flows of goods (Marcos and Martos, 2012).
Kresge and Roberts (1971) underscored the importance of coupling the macroeconomic
environment, industrial production, final demand and freight transport on a network in an
FDM. Their transport model components consisted of regional supply and demand,
disaggregated into subcommodities, as key inputs for modal choice and routing,
culminating in modal cost-and-performance submodels to determine transport prices and
ultimately performance measures of the transport system.
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This structure is echoed by Van Es (1977) who described two essential characteristics of
a freight transport policy information system namely that it must provide actual
information on transport and its underlying factors, and that it must be based on the
interrelations between the transport sector and the rest of the economy and on the
interrelations within the transport sector itself. The key outputs of such a model is defined
as volume and geographical composition of domestic and international transport by
commodity group, the current and estimated share per transport mode based on status quo
or interventions, and the capacity per mode.
Commodity disaggregation is paramount. The pattern of freight flows is heavily
dependent on the type of commodity being shipped (Samuelson and Roberts, 1975). In an
analysis of the links between freight transport and data relating to production, imports and
exports between 1981 and 1992, Fosgerau and Kveiborg (2004) showed that predicting
freight transport solely from aggregate production values would have led to overestimation
of transport growth due to the economic shift to less transport intensive industries. This
supports sectoral disaggregation in national FDMs to improve the accuracy of transport
volume estimates and forecasts.
In the 1990s, increased trade led to a growing interest in regional economies and, hence,
an increased interest in the spatial disaggregation of national accounts. This led to a
growth in the adoption of I-O analysis for planning, forecasting and general impact
analyses; especially in developing countries (countries such as Brazil, China, Nepal and the
Philippines have developed I-O models for national development planning purposes).
There are also developments within I-O modelling to enable the incorporation of a wide
array of spatial and sectoral data in order to reduce uncertainty and improve applications,
so-called hybrid I-O models (Lahr, 2016). Müller et al. (2015) ( for Germany) and Alises and
Vassallo (2016) ( for Spain and the UK) confirmed the use of I-O models (or subsets thereof )
to understand the link between economic activity and freight transport.
Over the past three decades, many national FDMs have been developed, especially in
Europe. In recent years some of these models have moved away from conventional fourstage transport models towards logistics models that include more aspects of logistics
decision-making (e.g. the use of logistics chains of several transport modes from producer to
consumer, with a dependence on inventory planning), linking again with microeconomic
models discussed earlier (De Jong et al., 2016).
The most well-known and detailed national FDMs are SAMGODS (the Swedish model)
and the Norwegian model. A very small number of countries (e.g. the USA and Sweden)
carry out commodity flow surveys (CFS) as the basis for their FDMs. A CFS was carried out
in Sweden in 2001, 2004/2005 and 2009. The on-going studies on mode and shipment size
choice in both Sweden and Norway use the Swedish CFS (either 2004/2005 or 2009). The
French ECHO survey, conducted in 2004, was a survey of almost 3,000 French shippers and
is unique in its detail. The researchers were able to reconstitute for almost 10,000 shipments
the full transport chain by adding the outputs of 27,000 interviews with receivers, transport
operators and logistic service providers. The discrete choice models for mode and shipment
size choice that are being developed for the European model TRANS-TOOLS3 use both the
CFS 2007 from Sweden and the ECHO survey from France as databases for freight flow
estimation (De Jong et al., 2016).
TRANS-TOOLS was launched in 2004 based on the European Commission’s need for an
integrated transport policy analysis tool. The development of the Trans-European
Transport Networks (TEN-T) had to be taken into account as well as the policy focus on
sustainability, intermodality and decoupling. TRANS-TOOLS is currently in its third
iteration. The model is aimed at addressing a multitude of detailed policy questions both at
macro-level and at regional or even network-link level. The intent is for it to become the
main tool for transport forecasting, infrastructure planning, and analysis of a variety of

policy instruments. This however led to growing model complexity (Korzhenevych, 2012). In
2015, the conceptual phase of development of the strategic high-level transport policy
assessment instrument (HIGH-TOOL) was completed. The purpose of this model is to enable
fast back-of-the-envelope calculations for policy scenarios, supported by the detail in
TRANS-TOOLS where necessary (Szimba et al., 2017).
There is no formal CFS in South Africa due to the complexity of executing surveys, and
the time lags between surveys, as alluded to above. For the purposes of the national FDM
for South Africa, the proposed modelling approach is a demand-side model based on the
macroeconomic I-O model of the economy due to the comprehensive nature and resulting
application possibilities of the outputs enabled by the link to the economy and the level of
disaggregation. South Africa’s FDM is specifically designed for the analysis and forecasting
of the composition and costs of domestic and international freight flows to identify transport
policies and large-scale infrastructure investments that will make the most significant
contribution to a sustainable surface freight transport system.
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Methodology
The basic modelling components are illustrated in Figure 3, while Figure 4 summarises key
data sources and the process detail of South Africa’s FDM, the detail of which are described
in subsequent sections.
National freight demand model
Disaggregated supply and demand. The FDM estimates supply and demand per commodity
group as per the following equations:
Total demand ðoutputsÞ ¼ Intermediate domestic demand
þFinal domestic demand þExports;

(1)

Total supplyðinputsÞ ¼ Production þImports:

(2)

The modelling of supply and demand on a geographic basis per commodity is based on the
I-O model of the economy which quantifies all transactions that took place between the main
economic sectors in a particular year. The I-O model details the intermediate and final
demand components of each commodity in the economy.
The key steps in developing the supply and demand data are as follows: the
establishment of a base year I-O model according to product type on a national level for
the aforementioned supply and demand components; forecasting the I-O tables yearly for
the first five years and then at five-year intervals up to 30 years; conversion of the monetary
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I-O tables into volumetric terms and disaggregating these national figures on a magisterial
district (MD) basis.
Forecasting entailed creating I-O tables for each forecasting year, for three scenarios (low,
likely and high). Traditionally, freight forecasting models (especially geographically
disaggregated models) used employment data (as a proxy for production or supply) and
population data (as a proxy for attraction or demand) to generate forecasted freight flows (refer
to Zhang et al., 2003 for a review of a number of USA state-level models in this regard). However
this approach does not take into account underlying changes in the economic structure such as
shifts to higher value, lower weight commodities. A more comprehensive approach for South
Africa was achieved by creating forecasts of local demand, exports, imports and production per
commodity group for each year. The I-O model was then used to calculate intermediate demand
in the economy by making use of the I-O coefficients. The advantage of the I-O approach is that,
ultimately, demand and supply is balanced within the context of the national economy, which in
turn enables the subsequent freight-flow modelling process.
The I-O tables for each year were converted from monetary terms into volumetric terms
using a rand-per-ton ratio. The rand-per-ton ratios were developed based on the weighted
average values of the underlying commodities in each commodity group. This allows for the
generation of sectoral volumes.
The next task was to apportion national supply and demand to the MDs in South Africa.
MDs are the smallest available geographical unit on which data are published. Where data
were not available on an MD level, secondary keys were used for apportionment. For
example, to apportion private consumption expenditure on motor vehicles, keys such as the
following were used: household income, electricity consumption and car ownership. These
secondary keys are then integrated by using weights assigned to each key according to its

importance relative to other keys. The total consumption or production of a product was
then apportioned on a regional basis using this calculated structure.
Once the base model was created, it could be verified and updated with actual data.
Currently, the main inputs are actual data (statistics from public and private entities,
correlated with data published in trade and news sources) in order to ensure the most
accurate reflection of the real economy; the I-O model is rebalanced when actual data are
added to maintain I-O interdependencies and overall supply and demand equilibrium. For
South Africa’s supply and demand tonnage data, 48 per cent of the MD level data were
based on actual data, 13 per cent were provincially available and required further
disaggregation to MD level and 39 per cent were disaggregated to MD level using
I-O modelling.
This hybrid data approach is in line with the approach used in the Norwegian (Hovi et al.,
2013), German (Müller et al., 2012) and Belgian FDMs (Mommens et al., 2017). While these
models do not utilise spatially disaggregated I-O models to determine freight flows, they
acknowledge the importance of strengthening freight demand analysis with actual data.
The FDM estimates supply and demand for 83 commodity groups and 372 geographical
areas, with a 30-year forecast at 5-year intervals for three scenarios, and has been applied
annually since 2006 (Havenga, 2013).
The input data for the flow modelling is created by subtracting the origin and destination
data of known flows (i.e. rail freight, pipelines and conveyor belts received from incumbents)
from the supply and demand data, respectively. The balance of supply and demand data is
modelled as road flows via a gravity model. Correlation with the national I-O table ensures
that traffic volumes are not over- or under-reported (Liu et al., 2006). The gravity model is
described in the next section.
Freight-flow estimates via a gravity model. The most commonly used method to model
freight flows is the gravity model (Regan and Garrido, 2002; Ivanova, 2014; Arbués and
Baños, 2016). The gravity model assumes that bilateral trade flows are directly proportional
to supply and demand volumes of the regions under consideration and inversely
proportional to a measure of transport resistance. The function describing the attraction
between origins (supply) and destinations (demand) over a certain distance is a distance
decay function (Smith, 1970). The decay parameter determines the slope of this decay
function. Distance decay varies between commodities based on their nature and utility. Low
value, bulk commodities generating a transport demand disproportionate to their value tend
to have a sharp rate of decay, while for higher-value commodities the impact of distance on
demand is smaller suggesting low decay parameters (UK Department for Transport, 2002).
These commodity characteristics translate into two distance decay functions (De Jong and
Van der Vaart, 2010):
(1) an exponential function represents a sharp distance decay with very little or no long
distance flows (mostly used for bulk commodities or homogenous goods); and
(2) a power function represents gradually declining distance decay with high flows over
short distances, but considerable longer distance flows (mostly used for
heterogeneous manufactured and end-use agriculture commodities).
Distance is the most common measure used as a resistance factor. Road cost components,
such as diesel consumption and truck wear-and-tear, also typically have a linear relationship
with distance (Martinez-Zarzoso and Nowak-Lehmann, 2007; Giuliano et al., 2013).
The above parameters are operationalised in a gravity model as per the following
equations (De Jong and Van der Vaart, 2010):
Tij ¼ Ai:Bj:Oi:DjeðCij; X Þ;

(3)
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X

Ai ¼ 1=
j:Bj:Dj:eðCij; X Þ ;

(4)

X

Bj ¼ 1=
i:Ai:Oi:eðCij; X Þ ;

(5)

where Tij is the estimated volume of freight flows between origin i and destination j; Ai the
balancing factor for origin i that ensures compliance to Oi; Bj the balancing factor for
destination j that ensures compliance to Dj; Oi the constraint value for origin i (i.e. total
supply); Dj the constraint value for destination j (i.e. total demand); ƒ the decay function
where: ƒ(Cij, ß) ¼ exp(−ß.Cij) in case of an exponential function; ƒ(Cij, ß) ¼ Cij-ß in case of a
power function; where: Cij the distance between origin i and destination j (the resistance
measure); ß the decay parameter.
The availability of both supply and demand data enables the use of a doubly constrained
gravity model (De Jong and Van der Vaart, 2010) where total flows from a district equal total
supply from that district, while flows to a district equal total demand at that district.
Equations (4) and (5) hold for a doubly constrained gravity model if the following
constraint equations are satisfied (through an iterative procedure):
X
Tij ¼ Oi;
(6)
j

X

Tij ¼ Dj:

(7)

i

Distance-decay parameters are informed by the decay parameter principles discussed above
as well as known flows such as rail flows and large industry flows (e.g. barley inputs to
beverage plants). The “best-fitting” distance-decay parameters are selected through iterative
application of the gravity model. A distance-decay parameter is developed for each
commodity group individually to account for the varying nature and utility of the commodity.
The gravity modelling is done using FlowMap® software, developed in 1990 at Utrecht
University. The spatial planning software has been applied successfully in South Africa for
various spatial planning purposes since 2000. FlowMap® expands typical GIS functionality
to allow for the management and analysis of data that depicts spatial relations such as
distances, flows, travel times and travel costs (Utrecht University, 2013).
Typologies. Once freight flows have been modelled, they are aggregated into typologies
to facilitate analysis and recommendations. The primary typology refers to ring-fenced
logistics systems that are by nature mode-monopolistic of which flows are known, i.e. (in
South Africa) bulk export coal and iron ore; conveyor belt power station coal; and energy
pipelines. The competitive surface freight transport market in South Africa includes road
and rail traffic on corridors, within metropolitan areas and rural freight flows (South Africa
has no inland waterways). Corridor flows typically constitute higher value manufactured
goods converging over long distances, with a multitude of endpoint ODs. Metropolitan flows
are the diverse distribution flows in often congested cities, while rural flows have many
medium and short distance flows mostly serving the agricultural market.
Logistics costs
The logistics costs model has been applied in South Africa since 2004. The logistics cost
model is a bottom-up aggregation of logistics-related costs for commodity-level flows,

comprising transport, storage and port-handling costs, management and administration
costs, and inventory carrying costs (Havenga, 2015), as per Equation (8). The result is an
estimate of total national freight logistics costs.
The commodity-level flows used as the basis of the logistics costs model (refer Equations
10, 11 and 12) are the tonnes transported for each of the 83 commodity groups between the
372 geographical areas obtained from the FDM (as described in the FDM methodology
section above):
TLC ¼ TCþSC þMAPþICC;
(8)
where TLC is the total logistics costs; TC the transport costs; SC the storage and port
handling costs; MAP the management and admin costs and profits; ICC the inventory
carrying costs.
Transport costs. Transport costs are composed of the elements as per the following
equation (Havenga, 2015):
TC ¼ LþD þR þAþS þP;

(9)

where TC is the transport cost; L the road line haul costs; D the road distribution costs; R the
rail transport costs; A the air transport costs; S the coastal shipping costs; P the pipeline
transport costs.
Air, coastal and pipeline costs account for less than 2 per cent of total costs and are
therefore not methodologically described due to space constraints.
Road flows are obtained from the FDM and translated into costs as per the following
equation (Havenga, 2015):
L¼

p X
n X
s
X



xyijk ðd þcþ1 þqþ eþf þm þzÞijk þt k ;

(10)

i¼1 j¼1 k¼1

where L is the road line haul costs; d the depreciation rate per tonne-km; n the number of
commodity groups; c the cost of capital per tonne-km; p the number of typologies; l the licence
fee per tonne-km; s the number of routes; q the insurance per tonne-km; i the commodity
grouping; e the driver fees per tonne-km; j the typology; f the fuel cost per tonne-km; k the
route; m the maintenance and repair costs per tonne-km; x the tonnes transported; z the tyre
wear costs per tonne-km; y the distance in kilometres; t the toll fees per tonne-km.
The different cost elements of road transport are determined by vehicle type; this, in turn,
is determined by the commodity type, typology and route of travel. The commodity’s
“preferred” vehicle type will change with changes in each of these variables. Once the vehicle
type and volume are known, the cost elements can be assigned according to Equation (10),
above. The core drivers of transport costs, i.e. weight in tonnes (x) and distance travelled ( y),
describe the base of the formula. The choice of vehicle type included in the transport cost
model accounts for cost sensitivities and the requirements of specific commodity groups.
The model also estimates secondary road traffic (i.e. local distribution from the final
warehouse to the retailer), per the following equation (Havenga, 2015):
"
#
p X
n X
s
X


D¼2
(11)
X ijk ðd þcþ1 þq þe þf þm þzÞijk þt k w ;
i¼1 j¼1 k¼1

where D is the road distribution cost; w the average distribution distance; other variables per
Equation (10).
Actual rail transport costs are received from the national rail transport operator per
commodity per O-D station. Rail transport costs, therefore, do not have to be modelled.
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Storage and port-handling costs. Storage and port-handling rates are used to calculate
national storage and port costs using the following equation (Havenga, 2015):
sc ¼

n
X

xi ðr s þ r h Þi ;

(12)

i¼1

1182

rs ¼

n
X
i¼1

ðr b Þi d



vcurrent year vprevious year
þ1 ;
vprevious year

(13)

where SC is the storage and port costs; rs the storage tariffs per ton; rh the port handling
tariffs per ton; rb the static storage rate per ton; d the static storage delay in months; v the
sectoral inventory cost; Other variables as per Equation (10).
Equation (13) takes the static storage delay in inventory (Botes et al., 2006), and uses the
change in inventory costs from the previous year (per economic sector) to adjust the static
delay. This is done in order to take differences in storage periods per commodity within the
economy into consideration. Botes et al. (2006) calculate the static storage delay by
estimating the average intra-seasonal storage time as the time-weighted difference between
the time of production and the time of consumption (it is assumed that quantities produced
and consumed are equal in the long run).
Inventory carrying costs. The inventory carrying costs are calculated by multiplying the rand
value of inventory levels for different industries in the economy by the weighted average repo
rate (the central bank’s interest rate) for the year, as per the following equation (Havenga, 2015):
ICC ¼

o
X

r i er ;

(14)

u¼1

where ICC is the inventory carrying costs; u the industry type; o the number of industries ri the
cost of inventory; er the weighted average repo rate for the year.
Management and administration. Aggregated transport, storage and telecommunication
industry employment numbers are obtained from the Quarterly Employment Statistics
publication (StatsSA, 2012). The average percentage that freight employees contribute to the
total is obtained from the 2006 and 2010 detailed Statistics South Africa Transport, Post and
Telecommunication Industry Surveys (StatsSA, 2006, 2010). Rail freight employee numbers
are obtained from Transnet Freight Rail’s annual reports.
Driver wages are included under the transport cost component of logistics costs and
these employees were excluded from this calculation. The road freight employment figures
relate only to the contract logistics market; therefore, a cost related to the management of
in-house drivers was also allocated as part of management and administration costs. The
calculations are depicted in the following equation (Havenga, 2015):



iEC
MA ¼ ðcFTE  cWÞþ
 iW ;
(15)
iTE
where MA is the management and administration; iEC the in−house employment cost;
cFTE the contracted freight transport employees iTE the in−house total expenditure; cW
the average contracted yearly wages; iW the in−house driver wages.
Case studies
The outputs of the FDM and logistics costs model are applied to two macrologistics
challenges in South Africa, first quantifying South Africa’s international trade logistics

costs (ITLC) in order to inform the debate regarding initiatives to improve international
trade competitiveness and, second, quantifying the potential impact on logistics costs of
internalising all freight-related externality costs to inform policy-making in this regard. The
methodologies for these two case studies are presented below.
Methodology for case study: calculating South Africa’s ITLC
User concerns regarding port costs and efficiencies, compounded by the joint ownership
structure of South African ports and the national railway, led to the accounting separation
of the landlord and terminal operator tasks in 2002, under the auspices of Transnet Port
Authority (TNPA) and Transnet Port Terminals (TPT), respectively, followed by the
establishment of the Ports Regulator of South Africa in 2007. Concerns regarding the impact
of port efficiencies on international trade competitiveness however remain, and frequently
lead to calls for more reform (Havenga et al., 2017).
The objectives of this research were to identify and quantify the components
contributing to ITLC and, through this quantification, to assist port stakeholders in
prioritising interventions that will have the biggest impact on enhancing trade
competitiveness. Mangan et al. (2008) and Lee et al. (2018) emphasised that the role of
ports need to be understood within the context of the broader supply chain.
For the purposes of this research, ITLC are defined as the inland logistics costs of
imports and exports (obtained from South Africa’s logistics costs model), port authority
charges (vessel charges and cargo dues), handling charges at port terminals, maritime
transport costs, ship standing costs, truck standing costs, documentation charges and
inventory carrying costs due to freight delays in the port (refer Havenga et al., 2017 for the
detailed methodology). South Africa’s freight logistics costs model, as described in the
previous section, excluded ITLC due to information and budget constraints.
Adding the ITLC to the model required the integration of the country’s existing freight
logistics costs model, financial records from the TNPA and TPT, and data from
international shipping databases.
Methodology for case study: Internalising freight-related externalities in South Africa
The objective of this research was to identify the logistics costs impact of internalising
freight-related externalities. The higher direct cost to the freight owner is assumed to
induce the behavioural change of a shift of rail-friendly traffic on road to rail, impacting
positively on rail’s cost/density positioning (refer Havenga and Simpson, 2016 for
detailed methodology).
Total freight flows are obtained from the FDM described earlier. Analysis of the freight
flow patterns emerging from the FDM gave rise to the identification of five overarching
freight-flow segments, as described in Table I, based on the needs of freight customers.
The segmentation of freight flows to inform mode choice is based on the economic
fundamentals that enable viable intermodal freight transport, i.e. uniform, high-density
freight flows over longer distances. Freight uniformity refers to the standardisation of
freight to facilitate handling and transport, such as palletised commodities. Line density
refers to the volume of traffic per kilometre of railroad, expressed as “tonne-kilometre per
route-kilometre” (tonne-km/route-km). Given rail’s high fixed cost, higher density means
that the cent per tonne-km cost of a railroad will decrease with each additional tonne-km of
activity over the same track length. A cut-off density of 100,000 tonnes per annum (one train
per week) per cargo type was assumed to realise the economies of scale facilitated by freight
uniformity. Distance is a further important consideration in identifying rail-friendly
intermodal freight due to the low distance sensitivity of rail transport vs road transport.
South Africa’s FDM indicates that most modal-shift opportunities occur over distances
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Table I.
Description of South
Africa’s overarching
freight-flow segments

Pit-to-port

Bulk export mining; rail-only transport with high density; long distances; less than 500
origins, and ten destination ports
Pit-to-plant
Bulk mineral mining for domestic beneficiation; stockpile to manufacturing plant; more
complex flows: less than 500 origins, less than 7,500 destinations; long distances of 400 to
900 km
Plant-to-plant/DC/ Heavy break-bulk requiring specialised wagons; plant-to-plant, plant-to-DC or plant-toport
port; high density; multiple origins (less than 7,500) with few destinations (250 DCs);
transport distances nationally more than 500 km and, within metros, less than 100 km
Finished Goods: Finished goods; palletised; complex supply chain requirements but few origin-destination
DC-DC/DC-port
pairs (between DCs), or between DCs and ports; high density; transport distances
nationally more than 500 km and, within metros, less than 100 km
Rural
Agricultural extraction – to cities, production centres or ports; low density; many origindestination pairs; transport distances less than 500 km
Agricultural manufacturing delivery – from cities/production centres/ports to farms and rural
areas; low density; many origin-destination pairs; transport distances less than 500 km
Rural interchanges – between farming areas; low density; seasonal
Notes: DC ¼ Distribution centre; includes imports
Source: Havenga and Simpson (2016)

further than 500 km, concurring with Kallas (2011) and Sanchez-Triana et al. (2013) as a
competitive intermodal distance.
Rail-friendly freight, therefore, is defined as uniform freight flows between dense
origin-destination pairs exceeding 100,000 tonnes per annum (a minimum of a train per
week) over distances greater than 500 km.
Road and rail transport costs for the segmented freight flows were obtained from South
Africa’s logistics costs model described above. The externality cost expansion to the
logistics costs model was commenced in 2013, calculating externality costs per mode
pertaining to accidents, congestion, emissions, noise, policing and land-use value (refer
Havenga and Simpson, 2014; Havenga, 2015).
Scenario 1 entails allocating no externality costs to freight owners, while Scenario 2
entails allocating all externality costs to freight owners. The total cost to the freight owner
for these scenarios are therefore defined as per the following equations (Havenga and
Simpson, 2016):
þICrail
Scenario 1 : IC ¼ ICroad
1
1 ;

(16)

road
þICrail
þECrail
Scenario 2 : FC ¼ ICroad
2
2 þEC2
2 ;

(17)
ICti

the internal
where IC is the total internal cost to the freight owner pre-internalisation;
cost to the freight owner for market share scenario i for transport mode t; FC the full costs to
the freight owner post-internalisation; ECti the externality costs to the freight owner for
market share scenario i for transport mode t and where:
 rail 
¼ H DM i ;
ICrail
i
where H(D) the cost/density curve ( function values return different costs for different
rail
densities D) for rail; M ti the market share for scenario i for transport mode t; DM i the
rail
induced rail density (tonne-km/route-km) for M i .
The hypothesis is tested whether IC (Scenario 1)W FC (Scenario 2), i.e. will full cost in
Scenario 2 (if externalities are internalised) be less than internal cost in Scenario 1 (which
excludes externalities) after a modal shift to rail resulting in higher rail densities, in turn

reducing the rate per tonne-km charged to rail freight. It is well-known that rail freight’s
internal costs are lower than that of road freight; the hypothesis, however, tests whether the
internal costs are low enough to absorb externality costs on a national level.
Results
South Africa’s macrologistics context
In 2014 (the latest available data, refer Havenga et al., 2016), South Africa’s national freight
logistics costs totalled R429bn ($32bn or €29bn) or 11.2 per cent of GDP (refer Figure 5). This
ratio is higher than that of key trading partners, namely North America’s 8.6 per cent and
Europe’s 9.2 per cent in 2014 (Armstrong and Associates Inc., 2016). Logistics costs
amounted to 51.5 per cent of transportable GDP (i.e. agriculture, mining and manufacturing).
This ratio has been stagnant during this decade. The contribution of transport costs to total
logistics costs is significant, amounting to 57 per cent of the total in 2014, followed by
inventory carrying costs (15.2 per cent), warehousing (14.6 per cent) and management and
administration costs (13 per cent).
South Africa’s freight transport demand amounted to 848m tonnes in 2014. The primary
economy (agriculture and mining) was responsible for 76 per cent of total volume but only
contributed 44 per cent to the transportable GDP (i.e. in value terms). In contrast, the
secondary (manufacturing) sector made up the remaining 24 per cent of volume, but added
56 per cent value to the transportable economy.
The 848m tonnes freight flows in 2014 translated into 379bn tonne-km. These volumes
have increased by 125m tonnes and 119bn tonne-km over the past four years. If the
dedicated ring-fenced transport systems (i.e. the rail export lines, pipelines and conveyer
belts) that totalled 107.5bn tonne-km in 2014 are removed, 272bn tonne-km remain that is
classified as general freight. Road freight comprises 80 per cent of long-distance corridor
freight (refer Figure 6). Road transport contributed 83 per cent to transport costs in 2014, rail
tariffs contributed 15 per cent and pipeline tariffs contributed 2 per cent. The contribution of
road transport to general freight transport costs, and the resulting environmental impact, is
not sustainable.
The macrologistics narrative points to some key challenges in South Africa’s freight transport
landscape, informing the issue identification stage of the policy lifecycle (refer Figure 2). The
country’s logistics costs are higher than in developed countries, the contribution of transport
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Figure 6.
South Africa’s
transport volume in
tonne-km for general
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costs to logistics costs is significant, road freight volumes constitute 80 per cent of long-distance
corridor freight, while road transport contributes more than 80 per cent to the country’s transport
costs. This status quo raises concerns regarding the competitiveness of international trade
(Havenga et al., 2017). The disproportionate road market share also raises concerns about
transport externalities. Freight and passenger transport was responsible for 9.3 per cent of
South Africa’s total cumulative greenhouse gas emissions between 2000 and 2010, while road
transport ( freight and passengers combined) contributed 92 per cent of transport sector
emissions (Department of Environmental Affairs, 2013).
The two case studies presented in the next section utilises the outputs from the FDM and
logistics model to inform potential policy approaches to the above challenges within the
context of the national logistics costs landscape, informing the analysis stage of the policy
lifecycle to provide important inputs to the consultation and policy development stages
(refer Figure 2).
Case study: ITLC in South Africa
The country’s total ITLC (up to and from foreign port gates) amounted to R242bn or
11.7 per cent of trade GDP in 2014 (i.e. the value of all traded commodities, amounting to
R2,061bn). As a direct result of South Africa’s spatial challenges, with centres of
production and consumption far from ports, the highest portion of these costs is inland
logistics costs, amounting to 41.8 per cent (R101.1bn) of ITLC. Given South Africa’s
distance from global markets, ocean carrier costs are also very high, at 39.2 per cent
(R94.9bn). Approximately half of the remaining 20 per cent is paid directly to ports in port
authority and port terminal charges, while the remainder is referred to as induced costs for
trade-related documentation and additional transport costs due to the delay of ships in
front of and in the port (refer Figure 7).
Induced costs (i.e. documentation charges and ship standing costs) are therefore more or
less equal to direct port charges. A reduction in induced costs requires more streamlined
documentation processes (i.e. improving the ease of doing business) and faster turnaround
times (better port productivity, improved scheduling from truckers and ocean lines and
better coordination between ports and LSP’s). These objectives can be achieved within the
current governance framework.
Domestic logistics costs are however still by far the biggest cost contributor and can be
reduced through modal shift, more efficient road transport and spatial strategies. This will
have a bigger impact on ITLC than an attempt to reduce port costs through more reform.
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Spatial strategies can be realised over the medium to long term and include an equitable
development of infrastructure across South Africa’s geography (the focus of the country’s
18 strategic infrastructure projects (Presidential Infrastructure Coordinating Commission,
2012), and the Industrial Policy Action Plan which identifies sectoral focus areas
(Department of Trade and Industry, 2016)), which could change the productive landscape
and therefore freight flow patterns over time. Modal shift is however within the short to
medium reach of the economy, given sufficient political will. One scenario to enable this is
discussed in the next section.
Case study: internalising freight-related externalities in South Africa
Given that the majority of dense, long distance freight is currently on road, modal shift is a
key imperative to reduce logistics costs in South Africa. One scenario to induce modal shift
is the internalisation of freight externality costs.
In order to identify targetable opportunities for rail, the general freight transport market
is segmented according to freight uniformity, transport distance and density, the results of
which are depicted in Figure 8. Rail’s low market share in the rail-friendly traffic on road, i.e.
high-density, DC-to-DC, and plant-to-plant/DC flows over long distances, is evident. Within
these segments, the largest potential is bi-directional, unitisable, and palletisable freight on
the two biggest general freight corridors, namely Johannesburg and Cape Town, and
Johannesburg and Durban (described in detail in Havenga, 2012). The aggregated volumes
of rail-friendly traffic on road are shown in Figure 9. This indicates that 15 per cent (or 64m
tonnes) of the tonnage on road, and 21 per cent (or 32bn tonne-km) of the transport task on
road can be shifted to rail.
The transport costs related to all the freight depicted in Figure 9 amounts to
R140.5bn. In addition, this freight adds R21.3bn externality costs to the South African
freight bill, of which 93 per cent is attributable to road transport (refer to Table II).
As per the hypothesis stated in the methodology, a shift of rail-friendly traffic on road to
rail can be induced through internalising these externality costs. This will result in an
increase in rail density. In order to calculate the returns to this increased density, South
Africa’s cost/density curve was determined by comparing tariffs between total rail and its
two distinct business units, i.e. the ring-fenced bulk export coal and iron ore lines, and
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Mode

Tonne-km
Externality
Tonnes (m)
(bn)
Internal cost (bn)
cost (bn)
Road
Road
Road
Road
Total cost
Rail line-haul Rail line-haul Rail line-haul Total Rail line-haul overall (bn)

Current value

203.0

Variable

Table II.
Total general freight
volumes and costs
pre- and post-shift
scenario (2013)

Road, 119.4,
43%

424

130

152

31

109

Value post modal shift 267.0
360
162
Source: Havenga and Simpson (2016)
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general freight (refer to Figure 10). A specific slope was found and used for the cost
calculations post-shift, i.e.:
y ¼ 53:483x0:321 ;
where y is the c/tonne-km; x the density (tonne-km/route-km).
The increased density reduces the cost per tonne-km charged to general freight rail
customers from 44c to 36c per tonne-km on the cost/density curve (general freight rail after
shift), as depicted in Figure 10. The full cost in the shift-scenario (i.e. including the
internalised externality costs) is R139.8bn, 0.5 per cent less than the current internal costs of
R140.5bn, which excludes externalities. That amounts to a 13.6 per cent cost saving
compared to the internal costs prior to internalisation (refer to Table II). Therefore, IC WFC.
The hypothesis is thus accepted, i.e. that the negative (external) effects of transport in South
Africa can be negated without incurring additional costs on the macroeconomic freight bill,
due to the returns to density achieved by shifting rail-friendly freight back to rail. These
results therefore encourage the internalisation of externality costs through showcasing the
counterintuitive macroeconomic impact thereof – optimised supply chain behaviour,
specifically where there is an opportunity for sizeable modal shifts to rail, can reduce
national freight logistics costs.
An important point, however, is that certain individual flows, for instance long-distance truck
loads that remain on road, will be more expensive due to the user now assuming responsibility
for all the costs associated with that freight flow. From a sustainability perspective, the user can
therefore make an informed cost trade-off regarding freight mode utilisation.
The outcome that rail transport becomes more economical with added volumes due to
this mode’s high fixed-cost component, is well-known. What is, however, noteworthy is that,
given the parameters of this study, the internalisation of freight externality costs could
induce behaviour that will eradicate the societal cost of freight transport without increasing
the macroeconomic freight costs.
The internalised externality costs (which are still incurred but now paid by the
responsible stakeholder, not society at large), will be paid to a regulatory authority in the
post-shift scenario, ring-fenced and used as an offset to redress damages caused (these costs
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will be lower than the pre-shift scenario as stakeholders will make modal choices taking into
account the full costs that will be charged to them, resulting in the modal shift discussed
above). The implications for policy could, however, be substantial. This research therefore
supports both “negative” and “positive” policy inducements. It strengthens the case for
sanctions, i.e. congestion charges, emission taxes, noise controls, land use limitations, and
user-pay principles. It, however, also encourages a regulatory framework supportive of the
creation of industry associations, logistics hubs, and public-private partnership models that
can induce modal shift en masse to induce a systemic change where a total class of
rail-targetable freight that should be on rail is shifted.
Implications of this approach for emerging economies
The implication of this work for other emerging economies is important. An understanding of
freight flows and logistics costs in economies where efforts to increase exports and to gain
access to underdeveloped areas are urgent, will facilitate the movement of goods and have a
major impact on economic development (Ortuzer and Willumsen, 2011). Understanding freight
flows and related costs, specifically:
•

assists in the prioritisation of infrastructure investments in fiscal-scarce
environments;

•

assists in modal optimisation, therefore reducing freight logistics costs;

•

assists with policy formulation, direction and prioritisation in order to facilitate
modal shift, private sector investments and spatial planning; and

•

aids the identification of key development nodes.

In the absence of CFSs, the development of hybrid I-O data is a viable option. Although
systematic publicly available, spatially disaggregated commodity-level data are limited,
there is often a wealth of information collected by rail and port operators, government
departments and national statistics offices in most countries. Initiatives to create an
appreciation of the intrinsic value of such information, and to synthesise, improve and
leverage data sources will improve freight demand modelling in emerging economies.
Conclusion
The objectives of this research were to present the results of South Africa’s national FDM
and related cost models, and to illustrate the application of the modelling outputs to inform
the macrologistics policy debate.
South Africa’s FDM is a demand-side model based on the macroeconomic I-O model of
the economy. The model is specifically designed for the analysis and forecasting of the
composition and costs of domestic and international freight flows to identify and prioritise
transport policies and large-scale infrastructure investments to enable a sustainable surface
freight transport system. The direct link between a disaggregated I-O based FDM and a
logistics costs model is to our knowledge unique. It provides a definitive link between total
production and consumption in the economy, resulting freight flows and logistics costs
which increases confidence in the outputs, enables targeted analysis of outliers, and widens
application possibilities.
The macrologistics narrative points to some key challenges in South Africa’s freight
transport landscape, informing the issue identification stage of the policy lifecycle. The
country’s logistics costs are higher than in developed countries, the contribution of
transport costs to logistics costs is significant, road freight volumes constitute 80 per cent of
long-distance corridor freight, while road transport contributes more than 80 per cent to the
country’s transport costs. This status quo raises concerns regarding the competitiveness of

international trade and transport externalities. The two case studies presented utilised
the outputs from the FDM and logistics model to inform potential policy approaches to the
above challenges within the context of the national logistics costs landscape, informing the
analysis stage of the policy lifecycle to provide important inputs to the consultation and
policy development stages.
The case study analysing ITLC showed that the domestic logistics costs component is still
by far the biggest cost contributor to ITLC and can be reduced through modal shift, more
efficient road transport and spatial strategies. This will have a bigger impact on ITLC than an
attempt to reduce port costs through more reform, which is what is typically called for in the
absence of data-driven policy proposals. Given that the majority of dense, long distance
freight is currently on road, modal shift is within the short to medium reach of the economy.
One scenario to induce modal shift is the internalisation of freight externality costs. The
research results have shown that internalisation can eradicate the societal cost of freight
transport in South Africa without increasing the macroeconomic freight costs. This however
requires a regulatory framework supportive of the creation of industry associations, logistics
hubs, and public-private partnership models that can induce modal shift en masse to induce a
systemic change where a total class of rail-targetable freight that should be on rail is shifted.
The comprehensive perspective of logistical activities enabled through South Africa’s
FDM and related logistics costs model will form the backbone of the country’s macrologistics
measurement system. The goal is for these models to extend performance visibility across the
national logistics system and provide the data-driven impetus for freight transport policy by
continuing the work to systematically define, quantify and track the component-level
performance of the national logistics system as well as the interaction between components in
order to identify areas for improvement in relation to other macroeconomic production factors.
Note
1. Very few models conclude with converting tonnages flows to vehicle-units and assigning this to
the transport network. Currently this also falls outside the scope of South Africa’s FDM.
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Abstract
Purpose – Population growth, urbanisation and the increased use of online shopping are some of the key
challenges affecting the traditional logistics model. The purpose of this paper is to focus on the distribution of
grocery products ordered online and the subsequent home delivery and click and collect services offered by
online retailers to fulfil these orders. These services are unsustainable due to increased operational costs,
carbon emissions, traffic and noise. The main objective of the research is to propose sustainable logistics
models to reduce economic, environmental and social costs whilst maintaining service levels.
Design/methodology/approach – The authors have a mixed methodology based on simulation and
mathematical modelling to evaluate the proposed shared logistics model using: primary data from a major UK
retailer, secondary data from online retailers and primary data from a consumer survey on preferences for
receiving groceries purchased online. Integration of these three data sets serves as input to vehicle routing
models that reveal the benefits from collaboration by solving individual distribution problems of two retailers
first, followed by the joint distribution problem under single decision maker assumption.
Findings – The benefits from collaboration could be more than 10 per cent in the distance travelled
and 16 per cent in the time required to deliver the orders when two online grocery retailers collaborate in
distribution activities.
Originality/value – The collaborative model developed for the online grocery market incentivises retailers
to switch from current unsustainable logistics models to the proposed collaborative models.
Keywords Sustainability, Europe, Mixed method, Food logistics, Urban logistics
Paper type Research paper

1. Introduction
Managing urban areas has become one of the most significant challenges of the twenty-first
century. Current projections estimate that the world’s urban population will be 66.4 per cent
of total population by 2050 (UN, 2015). Figure 1 illustrates the percentage of population
living in urban areas and a forecast for the USA, Brazil, Western Europe, China and India
(UN, 2014). In Europe, 74 per cent of the population lives in urban areas already and it is
estimated to increase to 82 per cent by 2050 (UN, 2014). As more people prefer to live in
urban areas, the demand for all kinds of products is going to be higher in cities.
Consequently, more products will be transported to and distributed within cities to satisfy
the needs of a growing population.
Urban areas represent specific challenges related to economic, environmental and social
aspects of freight transport (Lindholm and Behrends, 2012). Some of the main challenges
are: cutting transportation cost, fuel-distance efficiency, lack of traffic infrastructure
capacity, redesigning the distribution network and cities’ plans to meet the air quality
standards set by the European Commission (Directive 2008/50/EC). The latter is due to the
significant effect of urban freight transport on quality of life in urban environments through
traffic congestion, vehicle emissions and noise pollution (Nathanail et al., 2017).
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Specifically, transport is the fastest growing sector with the road transport subsector
being the largest contributor to total CO2 emissions (EPA, 2011), whilst pollution and noise
are accompanying problems in urban areas. To alleviate these problems, megacities
usually have transport-related restrictions such as the size of trucks that can move in city
centres, the hours they can supply retail shops, etc. Such restrictions make the distribution
of goods more complex and raise the total operational and transportation cost, harming
retailer’s profitability.
During the past few years, developments in information technologies have enabled
retailers to offer new services such as online shopping. Along with books, fashion items,
flight tickets and hotel bookings, people now choose to shop online almost anything,
including groceries. It is forecasted that e-retail would dominate the retail sector in the next
few years and online shops would harm traditional brick-and-mortar shops (Doherty and
Ellis-Chadwick, 2010), notwithstanding the distribution challenges posed by this online
activity (Ishfaq et al., 2016).
In this paper, we focus on the UK grocery retail sector as it is the second biggest online
market in the world in terms of size after the Chinese online grocery market (IGD, 2016). The
sales of the UK online grocery retail market accounted for £9.9bn in 2016 (Mintel, 2017), is
estimated to reach £16.7bn by 2021 and to be around 10 per cent of the whole grocery
market (Mintel, 2016). Figure 2 presents the market size from 2011 onwards and forecasted
up to 2021. The UK online grocery retail market has seen an annual growth more than
15 per cent (Figure 2), while the total grocery market has grown less than 5 per cent
annually in the last 10 years (IGD, 2015). Due to this unprecedented market growth, there is
a need for operational models for the distribution of online purchased groceries in cities and
this paper is investigating such operational models.
To raise their customer base and their market share, retailers offer online services and
try to raise their market share without compromising profitability (Murfitt, 2014). Likewise,
consumers always ask for more and better services, buy groceries online and expect to
receive the groceries at home or at convenient locations and times. Aiming to satisfy these
consumers, UK retailers provide them with two options: home delivery services and click
and collect services. In the first option, consumers select a day and a time slot to receive
grocery orders delivered to their houses. In the second choice, retailers transport consumers’
orders to a predefined collection point known as the click and collect point, where customers
must collect their orders during a predefined time interval on the selected day. Depending on
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their strategy and logistics capabilities, retailers could deliver to various collection points to
provide choice to consumers; hence, a collection point could be part of an existing retail store
or it could be a locker based in that store or elsewhere (e.g. train station, etc.).
Independent offerings of home delivery and click and collect services lead to logistics
inefficiencies as customers located in the same neighbourhoods can be visited by multiple
retailers’ vehicles around the same time intervals. These vehicles are also likely to
be underutilised due to low drop density caused by serving this customer base with multiple
service providers. The research question addressed in this paper is:
RQ1. What is the extent of logistics overlaps between independent deliveries that can be
consolidated to improve efficiencies?
For this purpose, the aim of the paper is to investigate logistics collaboration among
retailers of varying market shares and establish reductions in distance travelled and the
subsequent environmental and social gains owing to collaboration. The objectives set to
achieve this aim are as follows:
(1) to estimate the market shares of retailers;
(2) to simulate home delivery orders;
(3) to solve last mile delivery problem with and without collaboration; and
(4) to establish the distance reduction from collaboration.
Distribution capability has a crucial role in meeting customers’ demand because
it determines how effectively the supply chain is designed, especially in grocery
distribution, where retailers work in an uncertain environment and must cope with fast
changing market demands. A typical online grocery order has 60–80 items and
customers expect the order to be completed in one delivery, necessitating an efficient order
picking and consolidation process (Fernie and Sparks, 2014, p. 222). It is possible
to use regional distribution centres for picking; however, they are usually not set up for
item-level picking, and their local deliveries may be inefficient due to the wide geographic
area they are designed to serve (Rushton et al., 2010, p. 77). The routing problem is
complex due to economic and environmental costs because it is almost impossible to
determine the optimal solution in a short period which is less than one day in online
grocery order fulfilment.

In this work, we have not considered the use of lockers as a possible collection point as
they are not used extensively by UK online grocery retailers; however, they are currently
used largely by non-grocery retailers such as clothing and fashion retailers. Both home
delivery and click and collect services incur a delivery charge (up to £7) for consumers, but
this charge does not cover the additional picking and transportation cost. For example, the
operational (picking and transportation) cost per order is £21 for an exclusively online
grocery retailer, Ocado (2015).
The UK online grocery market is ultra-competitive, and no logistics collaboration exists
between retailers. Retailers decide how to meet the demand and have their own fleet of
trucks using exclusive distribution centres. Therefore, every retailer solves a routing
problem of how to visit the orders’ locations under the time preferences of customers.
Retailers use a dynamic delivery fee policy associated with these services to alleviate the
cost of distribution. However, under this approach, the total operational cost is not the
optimal one as some neighbourhoods will be visited by many retailers at the same time and
because different customers who live nearby will not order from the same retailer. The result
is to have overlapping areas during the daily distribution of groceries, increasing
transportation cost, decreasing the capacity utilisation of vehicles while negatively affecting
the environment and the society through emissions (Koc et al., 2016), traffic congestion,
accident fatalities and noise pollution.
In this work, we examine the benefits that will arise from a potential collaboration among
retailers to satisfy the demand for home deliveries. We focus on the gains from collaboration
on the distribution of groceries, assuming retailers share their distribution network and
capabilities. It would be ideal, if retailers could work as a single entity that makes joint
decisions to satisfy the home delivery demand by using a shared logistics model. The latter
is the theoretical ideal situation (centralised solution) in terms of cost reduction, but it is
almost not possible in a free and competitive market such as the grocery one. Under a
shared model, the overlapping routings would be eliminated, increasing vehicle utilisation
and maintaining or increasing the existing customer service levels, leading to a win-win
situation for the retailers that participate on the shared logistics model.
Our paper makes the following contributions: first, it investigates online grocery orders
and the corresponding home delivery demand that follows developing a novel method to
estimate annual home delivery demand for groceries purchased online using primary and
secondary data sources. Second, it implements the well-known Capacitated Vehicle Routing
Problem (CVRP) in the absence and presence of logistics collaboration in fulfilling home
delivery demand to estimate economic and environmental benefits from collaboration.
Subsequently, it identifies the circumstances that result in higher benefits from
collaboration in terms of distance reduction and measures the impact of a potential
collaboration in terms of economic and environmental issues.
The remainder of the paper is organised as follows: Section 2 provides the literature
review on e-commerce and distribution activities focusing on grocery markets. Section 3
presents the proposed shared logistics model. Section 4 outlines the methodology followed
to generate the home delivery demand in the UK online grocery market. Section 5 presents
the findings. Section 6 summarises the conclusions and sets future research avenues.
2. Literature review
Past studies examined economic, environmental and social impact of e-commerce.
Murphy (2007) considers strategies for online grocery shopping that offset the “killer cost”
of e-commerce logistics. If retailers can effectively control the last mile delivery services,
then they will be able to extend delivery services to lower margin and more problematic
products (Murphy, 2007). Under the existing situation in the grocery market, the delivery
model is not sustainable as the cost of delivering products to consumers’ homes is higher
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than the profits from products delivered. Carbon intensity of last mile deliveries should also
be considered in assessing the performance of the logistics operation. Edwards et al. (2010)
demonstrate that neither home delivery nor conventional shopping has an absolute
CO2 advantage. Both consumers and retailers need to be made aware of environmental
implications of their respective purchasing behaviour and distribution methods to make the
potential CO2 savings. In fact, a firm’s distribution strategy and subsequent optimal
decisions may deviate from the socially optimal decisions under traffic congestion due to the
firm’s economic incentives leading the whole system to inefficiency (Shao et al., 2016).
Logistics costs represent a large fraction of operating costs. A solution that can mitigate
the negative impact of logistics activities is to pool demand from different retailers.
Consolidation of shipments as well as collaboration between firms in various distribution
operations have been examined previously in logistics research. For example, focusing on
the grocery industry and the Efficient Consumer Response initiative, Frankel et al. (2002)
show the major, positive results which emanate from successful coordinated, collaborative
activities between various supply chain partners in that sector. Building on this work and
by focusing on collaboration, Kotzab and Teller (2003) propose a co-opetition model in the
Austrian traditional grocery industry where all parties improve their profitability by
sharing information and setting up business with value-adding partnerships. Similarly,
Mason et al. (2007) exploit the role of collaboration in the road freight transport industry in
the UK and Europe and highlight the importance of combining vertical collaboration
(between firms located at different stages/levels of the supply chain) with horizontal
collaboration (between firms located at the same stage/level of the supply chain) with
innovative solutions being developed in relation to transport optimisation. Subsequently,
the issue of horizontal logistics collaboration has attracted further interest over the past few
years and researchers examined the major drivers and barriers for its formation in relation
to various sectors including the grocery one. Specifically, Hingley et al. (2011) investigate the
key benefits and barriers when employing fourth party logistics management aiming to
establish horizontal logistics collaboration between grocery retailers and highlighted the
key challenges/deterrents involved including the fierce competition among grocery retail
chains and power dynamics between the various supply chain members of that chain.
Sanchez Rodrigues et al. (2015) also examine horizontal logistics collaboration in the fast
moving consumer goods industry and identified several factors, synergies and enablers to
be taken into account in order this collaboration to materialise such as, inter alia, trust
among firms involved, reliable logistics companies and a fair benefit sharing. Overall, there
are numerous cases of firms illustrating successfully the potential of horizontal logistics
collaboration including the cases presented earlier. In addition, Vanovermeire et al. (2014)
show the major benefits (e.g. cost decrease) for three companies in Belgium entering a
horizontal logistics alliance, whilst Soysal et al. (2018) illustrate that horizontal collaboration
between suppliers could result in a decrease of total cost and emissions.
Based on the previous discussion, it is evident that as the supply chain concept spreads
amongst firms, a few of them start to consider using collaboration to reduce the
environmental footprint of their logistics activities. Ballot and Fontane (2010) demonstrate
an important benefit from retailers’ collaboration that is a potential saving of at least
25 per cent of CO2 emissions from pooled networks. Furthermore, Lozano et al. (2013)
develop a mathematical model based on cooperative game theory and study the cost
savings that different firms can achieve when they merge their transportation requirements.
The benefits of collaboration are not uniform but depend on the participating partners and
are increased as the size of the coalition grows.
Another topic attracting a lot of interest from academics and practitioners is the design
of a more cost effective, green network of warehouses and retail stores. Few studies consider
the location of warehouses and how a different re-design of the network affects fuel emissions.

For example, Cachon (2014) addresses the problem of how each retailer has to design the
network in terms of location and size of shops, and how to minimise the sum of retailer’s
replenishment cost and consumer’s travel cost. It is also proved that if the objective is to
minimise operational costs, the optimal solution can raise emission by 67 per cent compared
to the minimum level of emissions. Koc et al. (2016) address the impact of depot location, fleet
composition and routing decisions on vehicle emissions in urban areas. Their objective is to
minimise the total operational cost (i.e. depot, vehicle and routing cost) of deliveries from a
depot to customers’ location in a city. They show that the preferable solution is to locate the
depots outside the city centre, achieving a 34.5 per cent on average cost reduction. Niknamfar
and Niaki (2016) develop a mathematical model for hub location and demand allocation in a
network of hubs where a holding company and multiple carriers are interacting. They propose
a framework for collaboration which achieves a reduction on both transportation cost and CO2
emissions, demonstrating the existence of a win-win situation for both parties. Furthermore,
Bektas and Laporte (2011) present an extension of the routing problem in which the objective
function accounts for both the travel distance and the amount of greenhouse emissions. In a
cost-minimised solution, it is possible a reduction of 5–8 per cent in the overall cost compared
to solutions obtained by other objectives. Similarly, Sprenger and Monch (2014) propose a
decision support system for cooperative transportation planning in the German food industry
and show that it is possible to obtain benefits from a centralised model/solution. They also
assume that there are outsourcing options, but these are much more expensive.
An interesting study is the one by Belavina et al. (2017) where a model of online grocery
market is considered to examine two alternatives to satisfy the demand for home
deliveries. The first alternative is when customers pay a delivery fee each time they order
groceries, while the second one is to buy a pass for unlimited free deliveries for a year.
In addition, a grocery chain’s impact on the environment is assessed based on two factors:
food waste and the emissions associated with transportation. Shopping groceries
online not only affects retailers’ revenue models, but also carbon emissions in the
last mile distribution owing to the increased convenience through pay-per-order and
subscription-based service models.
Following the previous discussion, it is evident that there is a pressing need for a
logistics model that will eliminate overlapping routings, increase vehicle utilisation and
reduce operating costs whilst adhering to customer service levels. To the best of our
knowledge, there is no precedent in the logistics literature that investigates a collaborative
model to satisfy the demand for home deliveries of groceries. Our analysis is based on
distribution centre and vehicle sharing, excluding external costs.
3. Distribution model
Overlapping routings can be eliminated when retailers participate in a shared logistics
model. This is comparable to the case where the supply chain is coordinated by a single
decision maker. In this section, we use a shared logistics model that includes both economic
and environmental incentives for grocery retailers to collaborate with their competitors in
food distribution. Collaboration of retailers in logistics activities does not mean that
competition is over as it continues in other aspects of the business.
Opportunities for mutual benefits cannot be found unless retailers share their private
information honestly. It is important for retailers to participate voluntarily and share their
information with the rest because it is in their self-interest. As the grocery retail sector is a
free market, any proposed model that constrains retailers’ freedom is not a realistic one and
could never be applied. Therefore, our idea is first to reach a more efficient solution for all
the participants and then apportion the additional benefits to retailers in a way that all of
them will receive a better pay-off compared to the existing model. This could be possible
under the improvement in the shared logistics model.
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Figure 3.
Conceptualisation of
online grocery flows

As mentioned, retailers have to deliver grocery orders placed online to their consumers’
preferred locations (either consumers’ houses or click and collect points). Delivery distance,
that retailers have to cover, could be analysed in two categories: drop distance which is
the distance travelled once a drop or delivery zone is reached (last mile logistics) and
stem distance which is the distance to and from a delivery zone (stem mile logistics). The
drop distance remains the same irrespective of the distance from the supplying picking
location, but the stem distance varies with the number of picking locations in the system.
In this paper, we propose a model for using shared vehicles in the stem distance. In the
proposed model, retailers use common trucks to transport the orders from their exclusive
picking locations which could be stores, or dedicated distribution centres to shared micro
hubs in urban areas, which are the drop zones according to the above definition. The flow of
UK grocery orders can be conceptualised in Figure 3, where large flows from retailers’
picking locations are transported to shared micro hubs in residential areas, which serve as a
cross-docking facility to perform the last mile delivery of grocery orders to consumers’
preferable locations.
The mathematical model behind this shared distribution from picking locations to micro
hubs is the CVRP, since a large truck will collect orders picked at each retailer’s picking
location and deliver to multiple shared micro hubs, which can then manage the distribution
within the drop zone. As mentioned above, distribution within the drop zone is currently out
of scope for this paper.
One of the classic combinatorial optimisation problems, vehicle routing, has become a
key element of managing distribution operations (Wei et al., 2018). The vehicle routing
problem (VRP) (Laporte, 1992) domain is rich with many extensions including but not
limited to CVRP, VRP with time windows or VRP with pickup and deliveries. The origins
of the VRP, which is a generalisation of the travelling salesperson problem (TSP), can be
traced back to Dantzig and Ramser (1959). The TSP determines the shortest route that
passes n locations, only once. When each pair of locations is linked, the total number of
routes through n locations is (n! )/2; a number that grows very large very fast: for example,
the total number of possible routes for ten locations is 1,814,400. The TSP is generalised to
VRP by imposing capacity constraints that are smaller than the total demand of all
locations to be visited. In that case, multiple vehicles are needed to satisfy the total
demand in the service area.
In this work, a CVRP with pickup and delivery is used to measure the benefits that arise
from retailers’ collaboration. We assume that every micro hub is served by a single picking
location, this means that we use the CVRP with a single depot (in our case depot is the
distribution centre). In our problem, customers are the micro hubs that the retailer(s) should
visit and supply them and the demand is the number of grocery orders to be delivered at
each micro hub. Regarding the mathematical formulation of CVRP, we refer the reader to
Toth and Vigo (2002).
The CVRP can be defined as a complete graph G ¼ (V, A), where V ¼ {0, 1, 2, …, n} is the
vertex set and A is the arc set. Vertices i, with i ¼ {1, 2, …, n} correspond to the customers,
where vertex 0 corresponds to the depot. For each customer i, there is a known, non-negative
demand di. A non-negative cost, cij is associated with each arc (i, j) ∈ A (i.e. i, j ϵ V )
and represents the travel cost from vertex i to vertex j. We assume that identical vehicles are
available to distribute the orders across micro hubs (in our case there is no constraint for the

Picking Locations
of Retailers

Micro Hubs around
Residential Areas

Consumers

size of fleet) and each can be loaded at maximum with capacity C (in our case, this is
the maximum numbers of online orders that a vehicle can carry). The problem is to determine
which arcs will be used to satisfy customers’ demand whilst minimising total distance
travelled. This is achieved by using binary variables Xij that indicate if arc (I, j) is used
(X ij ¼ 1) or not (X ij ¼ 0) for all i, j ϵ V.
In this work, our objective is to minimise the total distance that the retailer’s fleet should
cover to supply all micro hubs. The main inputs in our case are: a distribution centre, micro
hubs, distances between all locations of distribution centre and micro hubs, daily demand
for each micro hub, and vehicle capacity. This information is summarised in Table I.
We define the problem as finding the minimum distance to serve the daily demand from
each micro hub. This problem is typically formulated as a binary mixed integer linear
programming problem as we presented above and small instances (up to ten micro hubs to
be serviced) are solved optimally using commercial solvers such as CPLEX. Large instances
(number of micro hubs to be visited W10) cannot be solved to optimality within an
acceptable period (e.g. less than several hours) due to the NP-Hard nature of the problem.
Hence, we run the CPLEX in truncated mode and report the minimum distance obtained. We
use the CVRP to show the potential benefits from collaboration, in terms of distance
reduction and fleet size needed to serve the demand. The formulation does not change, but
the data that are input to the model changes: In the As-Is case where retailers work
independently, we input demand data from each retailer separately and solve the routing
problem. In the To-Be case, we input aggregate demand data from both retailers and solve
the routing problem accordingly to show the effect of collaboration in logistics.
In our model, we calculate 12 key performance indicators (KPIs), first under the base case
where retailers work independently (the As-Is situation) and then the proposed case where
they collaborate (the To-Be situation). We then compare the KPIs to establish the benefits
from collaboration. Through the comparison between the As-Is and the To-Be situations, we
evaluate the performance of our model and measure the economic and the environmental
impact. The 12 KPIs we examine are:
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(1) the total distance that must be covered (optimisation objective);
(2) the average distance per route;
(3) the average distance per order;
(4) the maximum number of routes required to satisfy the demand;
(5) the average number of served micro hubs per route;
(6) the total driving time for the whole fleet;
(7) the average driving time per route;
(8) the total drop-off time for the whole fleet;

CVRP

Our study

0: depot
N ¼ {1, 2, …, n}: set of customers
V ¼ {0}UN: set of possible locations
di: demand of customer i, i ϵ N
cij: distance between i and j locations, with i, j ϵ V.
Xij: binary decision variables
C: vehicle capacity

Distribution centre
Set of micro hubs
Number of orders to be delivered to a micro hub
Table I.
Notation of CVRP
in our study
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(9) the average drop-off time per route;
(10) the total time (i.e. driving time plus the drop-off time) for the whole fleet;
(11) the average time per route; and
(12) the utilisation of fleet at the starting point (i.e. at the picking location).
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In the next section, we present the data generation methodology for online grocery demand
in the UK as it is the critical input to our capacitated vehicle routing models.
4. Demand estimation methodology
The grocery retail sector in the UK is known for its severe competition and it is no surprise
that major retailers have started investing large sums in the online channel more than a
decade ago (Hackney et al., 2006). Four leading retailers (ASDA, Ocado, Sainsbury’s and
Tesco) possess around 80 per cent of the total online grocery market. In Table II, we present
the sales for the six leading retailers in the UK during the years 2012–2015.
A UK-based food retailer has provided primary data about its distribution of groceries
purchased online for home deliveries. Due to the reasons of confidentiality, the data were
aggregated over a year and anonymised. The data set contains 346,745 orders from 533
postcode sectors in London from 1 June 2014 to 31 May 2015. We present the distribution of
aggregate consumer demand over time in Figure 4. The left panel shows the demand
distribution over the days of the week and the right panel shows the demand distribution
over the hours of the day. The peaks on Monday and Friday in the left panel and the peaks
Retailer

2012 (£)

2013 (£)

Tesco
2,241
2,635
Sainsbury’s
1,061
1,180
Asda
760
865
Waitrose
193
275
Ocado
732
846
na
na
Morrisonsa
Table II.
Other
686
760
Leading online
Total
5,673
6,562
grocery retailers’ sales
Note: aMorrisons started its online grocery service in 2014
(in million, including
Source: Mintel (2014, 2015, 2016)
VAT), 2012–2015

18

2,945
1,318
1,009
377
1,009
68
813
7,540

3,287
1,297
1,038
346
1,211
200
1,270
8,649
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0
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12

7 a.m.
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12
Percentage

Percentage
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Figure 4.
Daily and hourly
demand distribution
of groceries
purchased online

2014 (£)

over 9–10 a.m. in the morning and 7–8 p.m. in the evening are evident. These peaks lead to
underutilisation of fleets when the retailers invest in fleets to meet the peak demand.
As a remedy to the lack of sufficient primary data we also developed a survey to elicit the
consumers’ preferences for buying groceries online in the UK and we focused on the following
major grocery retailers: Asda, Iceland, Morrisons, Ocado, Poundland, Sainsbury’s, Tesco and
Waitrose that provide online services in London. We used Qualtrics to run our survey from
11 November 2016 to 18 November 2016 (six working days) and collected 420 responses without
any missing values. It is useful to note that more than 2,800 people participated in our survey but
only 420 participants who live in London completed the survey. Our sample size is
representative as the ideal size for an 8.7m population (such as London population) is 384
(Krejcie and Morgan, 1970). Five- and seven-point Likert scale was used to measure respondents’
agreement with a variety of statements. The main parts of our survey consist of questions that
capture the following facts: online grocery buying habits, consumer satisfaction level with the
delivery service, personal characteristics that might affect the aforementioned issues, intention to
use click and collect, choice experiment and demographics. One of the main objectives of this
survey is to examine if there is a pattern in consumers’ preferences for delivery days and time
slots when they select their orders. Based on our survey, it is a realistic assumption to use the
demand distribution from primary retailer (Figure 4) for our collaboration scenario.
We generate secondary data to estimate the daily demand for home deliveries of
groceries purchased online for the six major UK retailers (Table II), due to a lack of primary
data from these retailers. This method estimates the daily demand per postcode sectors
(micro hub’s drop zone) based on population of the postcode and the store footprint of the
retailers. We use data from secondary sources such as Ocado (2016) and Mintel (2017)
to extrapolate daily demand based on market shares of the retailers. We evaluate the
accuracy of our approach (i.e. generation of annual demand for home deliveries) based on
the primary data set that was obtained (Table III). We present the main steps of our home
delivery demand data generation methodology for the online grocery market as follows:
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(1) Establishing the overall UK online grocery market size and individual market shares
of the six major retailers (Table II). Our analysis is based on the sales of 2015.
(2) Adjusting online grocery sales according to the geographies served by each retailer
and the UK population data.
(3) Calculating orders per capita by postcode sector for each retailer.
(4) Adjusting the online grocery orders per year by postcode sector by retailer using the
retailer’s store footprint.
(5) Calculating the total number of online grocery orders.
(6) Applying a seasonality profile to total online grocery orders per year to derive daily
orders (Figure 4).
(7) Estimating the demand for six major retailers (Table IV ).
Based on the primary data set, we work only with the postcode sectors where the
demand is high enough to fit a theoretical probability distribution (at least 30 orders).
We also use the latitude and longitude of postcode sectors in our distance calculations.

Population (%)
Store mix (%)
MAPE
Weighted MAPE

0
100
0.478
0.527

10
90
0.472
0.507

20
80
0.478
0.493

30
70
0.493
0.484

40
60
0.513
0.479

50
50
0.54
0.478

60
40
0.571
0.482

70
30
0.609
0.491

80
20
0.652
0.504

90
10
0.698
0.52

100
0
0.747
0.538

Table III.
Error measures
depending on
population and
store mix
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Table IV.
Estimated annual
online grocery orders
per retailer per
postcode sector

Figure 5.
Map of London; Study
area shaded in grey

It should be noted that postcodes in the UK are alphanumeric references comprising an
outward code of two to four characters and an inward code of three characters.
The postcode is structured hierarchically, supporting four levels of geographic
unit: postcode area (124), postcode district (3,114), postcode sector (12,381) and building
postcode (approximately 1.75m). In this work, it is assumed that each postcode sector is a
drop zone served by a single shared micro hub.
There are 266 postcode sectors with at least 30 observations (individual postcodes) for
which the aggregated number of orders is reported. This means that we continue with
49.9 per cent of the total postcode sectors in the primary data. Then, we test seven theoretical
probability distributions (Cauchy, Exponential, Gamma, Logistic, Lognormal, Normal and
Weibull) and assess the goodness of fit. We choose the distribution and the parameters with
the minimum Akaike information criterion for each postcode sector. We run all our analyses in
R using the fitdistrplus package. For the 266 postcode sectors, we have estimated the
parameters of the theoretical probability distributions. We also run the analyses in MATLAB
for a sample (25 out of 266 sectors) of sectors to verify the theoretical distributions that have
been fit using the fitdistrplus package. We found no instances where the parameters fit by
MATLAB were significantly different from the parameters fit by R. The distribution of
demand is Lognormal in 96 per cent (256 out of 266) of all postcode sectors, while the demand
in the remaining ten sectors follows the Exponential distribution. For one of the 266 postcode
sectors, the ONS does not provide population data (ONS, 2011), so we exclude this sector from
the analysis ( for the sake of completeness the postcode sector is “E20 1”). Therefore, the
remaining postcode sectors are 265 in London, for which we have primary data. Figure 5
shows the 16 postcode districts that include these 265 postcode sectors.

Postcode sector

Tesco

Sainsbury’s

Asda

Ocado

Waitrose

Morrisons

E10 5
E10 6
E10 7
E1 0

8,299
9,139
6,649
6,182

4,085
4,499
3,273
3,043

2,208
2,432
1,769
1,645

3,593
3,957
2,878
2,676

864
951
692
643

791
871
634
589

We assess the performance of our demand generation methodology based on secondary data
using the weighted mean absolute percentage error. The advantage of a weighted metric is to
give more weight to the sectors with larger demand. Making a large error in a small area is not
as important as making a small error in a large area which may inflate the number of orders
estimated. In the last stage, we determine the values of the two parameters in demand
generation methodology: “Population” (step 3) and “Store Mix” (step 4), to minimise the
weighted MAPE. We have done this as many shops in a specific area indicate higher demand
for online groceries as well. The parameter values tested are given in Table III. This happens
for the equal weight (50–50 per cent) between “Population” and “Store Mix” where the
weighted MAPE is 0.478.
Based on these values, we generate the annual demand for the online market for Tesco,
Sainsbury’s, Asda, Waitrose, Ocado and Morrisons (Table IV ) and based on this demand we
continue with the analysis. The outcome of our approach is presented in Table IV for four
postcode sectors in London: “E10 5”, “E10 6”, “E10 7” and “E1 0”. For example, we estimate
8,299 grocery delivery orders to be placed from postcode sector “E10 5” by Tesco over a
year. Using the daily demand distribution from the online retailer that provided us with
primary data over a year, we use Monte Carlo simulation to estimate daily demand
distribution. As expected, total annual demand does not change with this simulation, but we
do estimate daily demand that informs the CVRPs to be solved.
We investigate the existing market structure and estimate the following KPIs: total
travelled distance, distance per route, distance per order, maximum number of routes,
stops (shared hubs) per route, driving time, driving time per route, drop-off time, drop-off
time per route, total time, total time per route and vehicle capacity. Then, we estimate the
same KPIs under the proposed shared model in which two retailers R1 and R2, with
comparable market shares to Morrisons and Ocado collaborate in the stem distance from
picking locations to the shared micro hubs in the drop zones. We report the KPIs to
quantify the benefits from collaboration.
5. Analysis and results
In this section, we quantify the benefits that arise from collaboration on the logistics
activities under the scenario that two retailers will work together in the proposed model of
shared vehicles for the stem distance.
We examine our proposed model under the scenario that two retailers with comparable
market share to Morrisons (R1) and Ocado (R2) collaborate on the logistics activities in the
large flows (stem mile) to meet their online demand. A rough estimation about the number of
annual online orders that both retailers have to satisfy is around 13.3m, possessing 16 per cent
of the total online market (in terms of sales in 2015). Both retailers operate two picking
locations to serve consumers in London, where our focus is on the 265 postcode sectors.
We assume that every sector is served by a single picking location. Under this assumption,
Picking Location 1 (North London) serves 198 sectors and Picking Location 2 (West London)
serves 67 sectors. We do not propose any major modifications to retailers’ distribution
network, since it is too costly for retailers to change their existing distribution network to
achieve short-term cost savings and emission reduction (Cachon, 2014). We assume that the
picking locations are a parameter to our problem, not a decision variable.
To calculate the above KPIs, we use the following model parameters: average speed
(km/h), time to drop/location (min), time/order (min), shift length per route (min) and loading
time per route at picking location (min) as presented in Table V. These parameter estimates
were obtained from industry experts.
We assume that retailers collaborate in the stem distance (To-Be situation) and calculate
the same KPIs based on the values of model parameters (Table V ). Thus, we measure the
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benefits from collaboration making comparisons between the KPIs in the As-Is and the
To-Be situations.
We use the design of experiments to derive valid statistical inferences from our
experimental observations. In these experiments, we make changes to the input variables
and observe their impact on the benefits from logistics collaboration. We follow factorial
design where each complete trial of the experiment investigates all possible combinations of
the levels of the factors (Montgomery, 2013). We consider picking locations, vehicle capacity
and logistics operation as the factors that affect the distance travelled to fulfil home
deliveries of groceries purchased online. As the retailers define a minimum order size (based
on the value of the items) and there is a fixed charge (up to £7 depending on the preferred
time window) for the delivery service, we consider that the vehicle capacity is directly
related to how many orders can be loaded on a vehicle. Furthermore, we are aware that a
typical online grocery order has 60–80 items and in the vehicles there are boxes in which
the retailers deliver the orders, so the number of boxes is fixed based on the vehicle size.
Table VI shows the levels of each factor.
We ran the VRP for each picking location (2), for each capacity (4), for each logistics
operation (two for independent operation of retailers and one for joint logistics operation)
and for each day (364); resulting in 2 × 4 × 3 × 364 ¼ 8,736 runs. We use the R language to
prepare the input data and AMPL software to run the mathematical model (CVRP) using the
CPLEX solver. We limit the run time of CPLEX to 60 s across all instances and record the
solution available at the time the solver is interrupted. We read the outputs from AMPL into
R to analyse the results.
As an example, Table VII presents the results of the CVRP solution on a specific day for
independent operation of both retailers and collaborative operation for the second picking
location in West London (serves 67 sectors) with a vehicle capacity of 15 orders. It should be
noted that the routes may be not the optimal ones as the CPLEX solver is run for 60 s per
problem instance.

Parameters

Table V.
Model parameters

Average speed (km/h)
Time to drop/location (min)
Time/order (min)
Shift length per route (min)
Loading time per route at picking location (min)

Picking Locations
Table VI.
Design of experiments West and north (2)

Table VII.
Results of the
CVRP solution
on a specific day

Values
20
10
2
480
30

Vehicle Capacity

Logistics Operation

10, 15, 20 and 25 orders (4)

Independent (2) and collaborative (1)

KPI

R1

R2

R1 and R2

Demand (orders)
Total travelled distance (km)
Postcode sectors served
Vehicles needed

98
264
51
7

389
821
67
29

487
979
67
34

It can be seen in Table VII that the second retailer has to serve the whole area
(67 postcode sectors out of 67), while the first retailer serves a part of it. This means that
synergies of these two retailers could improve significantly their logistics operation, as they
both serve the same area. It can be easily observed that a distance saving of 11 per cent is
possible when retailers work collaboratively (979 km instead of 1,085 km). Similarly, the
total number of vehicles needed to fulfil the demand of both retailers is 6 per cent lower than
the independent operation on this day.
Table VIII presents the summary of benefits that arise from collaboration on both
picking locations. It is useful to note that the results are based on the values of the
parameters that are shown in Table V. For all examined KPIs (except the vehicle capacity
utilisation), retailer’s collaboration incurs reduction of them. The arrows in Table VIII
indicate the direction of benefits, i.e. the lower the distance, the better it is for the retailers.
For example, the 11.5 per cent under C25 for Picking Location 1 (North) means that the joint
problem resulted in an average distance reduction of 11.5 per cent.
Moreover, we have prepared boxplots of individual and shared logistics operation for
the examined KPIs (Figure 6) to compare the existing with the proposed situation.
The first one is the As-Is model (independent deliveries), i.e. when retailers work alone
( first boxplot) vs the To-Be model (shared deliveries), i.e. when retailers collaborate on the
food distribution (second boxplot). To provide more details, we explain further an example
on the benefits from collaboration. We analyse the improvement about the distance (KPI)
for the Picking Location 2 when the vehicle capacity is equal to ten orders. In Figure 6, the
reader could compare easily the examined KPI (i.e. total distance in our example) between
the As-Is and the To-Be cases. More specifically, in Figure 6 on the first boxplot at the top,
we see the distribution of data ( for the whole year) with the five number summary
(minimum, first quartile, median, third quartile and maximum) of the examined KPI when
two retailers work independently.
In this case, retailers need to cover on average 1,640 km (minimum kilometres are 1,070
and maximum kilometres are 2,180) per day to satisfy the demand for home deliveries of
groceries purchased online. Under our proposed model (Figure 6, second boxplot), the
shared retailers’ fleet needs on average 1,550 km (minimum kilometres are 1,020 and
maximum kilometres are 2,060) per day to satisfy the demand. In total, 1,550 km are the
required distance (on average) if retailers meet their grocery delivery demand when they
work collaboratively in distribution. Therefore, the average improvement of 5.5 per cent
(i.e. (1,550–1,640)/1,640) is possible under the shared deliveries.

Capacity

Picking Location 1 (north) (%)
C10
C15
C20
C25

Picking Location 2 (west) (%)
C10
C15
C20
C25

Distance (↓)
Distance/route (↓)
Distance/order (↓)
Routes (max) (↓)
Stops/route (↓)
Driving time (↓)
Driving time/route (↓)
Drop-off time (↓)
Drop-off time/route (↓)
Total time (↓)
Total time/route (↓)
Vehicle capacity utilisation (↓)

6.4
4.0
6.4
3.8
30.6
6.4
4.0
16.9
14.8
9.5
7.1
2.4

5.5
4.6
5.5
6.2
32.7
5.5
4.6
17.9
17.1
9.5
8.5
0.8

8.6
5.8
8.6
5.0
38.7
8.6
5.8
20.5
18.0
12.8
9.9
3.0

10.1
6.5
10.1
2.9
41.2
10.1
6.5
21.8
18.6
14.9
11.4
3.8

11.5
8.8
11.5
7.1
42.5
11.5
8.8
22.1
19.8
16.2
13.5
2.7

5.7
6.9
5.7
3.4
42.2
5.7
6.9
21.6
22.6
12.0
12.6
−1.1

9.4
8.4
9.4
0.0
42.5
9.4
8.4
22.4
21.6
15.3
13.9
1.1

11.7
10.6
11.7
3.0
42.6
11.7
10.6
22.5
21.5
17.0
15.5
1.2
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Table VIII.
Benefits when two
retailers collaborate
with shared vehicles
for the stem distance
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Distance

1210
1,000

1,200

1,400

1,600

1,800

2,000

1,800

2,000

Independent Deliveries

Figure 6.
Boxplots of
independent and
shared deliveries

1,000

1,200

1,400

1,600
Shared Deliveries

6. Conclusions and discussion
In this work, we considered how the UK online grocery retailers could improve their
operational efficiency in logistics if they work collaboratively to satisfy delivery demand.
We proposed a shared logistics model, where grocery retailers work as a single entity
making the optimal joint decisions about the home deliveries. Our main aim is to investigate
the benefits that can arise from a potential collaboration of UK retailers and measure also
the impact of the proposed collaboration in terms of economic and environmental issues.
Currently, major retailers in the UK online grocery market make operational decisions
individually to maximise their profits without collaborating with each other. This means
that each retailer invests in its own fleet of trucks as well as in distribution centres, solving
its own routing problem daily. This independent logistics operation results in inefficiencies
in terms of multiple visits to the same area from different retailers around the same time of
the day. The delivery operation can improve if the barriers to collaboration can be overcome.
This is the motivation of our work, to examine the collaborative gains that will arise when
retailers collaborate in the distribution of groceries.
Our findings suggest that collaboration gains depend on the nature of the last mile
delivery problem to be solved; depending on the distances between customers served on a
day and the corresponding number of orders, there could be little or large reductions in
distance travelled. The latter presents our major contribution and we anticipate that these
gains and efficiencies could incentivise retailers to consider these collaborative models.
More specifically, drop density is an important factor affecting profitability of the home
delivery operation; therefore, there is a strong case for collaborating in logistics of online
grocery orders where the areas served have a low drop density. Collaboration could help
retailers to achieve higher reductions in distance and total operation time in postcode sectors
with higher daily orders through combining the orders of the same postcode sector in fewer
vehicles. We investigate a new physical network design for the online grocery retail where
micro hubs located in postcode sectors are proposed to fulfil the online grocery last mile
distribution. Our analyses of the distance from picking locations to these micro hubs
reveal improvements of up to 18 per cent in total distance when two retailers collaborate.

Savings in total delivery time reach up to 21 per cent across the simulated period. In line
with that, the average reduction in distance travelled is 10 per cent and the average
reduction in the time required to complete the last mile distribution is 16 per cent. The
reduction in distance is a precursor of the reduction in carbon emissions due to the strong
correlation between the distance travelled and the carbon emissions (Zissis et al., 2018).
Therefore, it is plausible to estimate a comparable rate of reduction in carbon emissions.
Relevant research has highlighted the strong potential for horizontal logistics
collaboration involving various members of the supply chain including suppliers and
third-party logistics companies (Soysal et al., 2018; Vanovermeire et al., 2014). Past research
has also shown the potential for horizontal collaboration involving grocery retailers (see e.g.
Hingley et al., 2011; Sanchez Rodrigues et al., 2015) and Mason et al. (2007) show similar
potential for both vertical and horizontal collaboration in the supply chain focusing on
transport optimisation. Despite the above, due to the fierce and cut-throat competition of the
retail market, retailers avoid to collaborate in general and in their logistics operations in
particular. Our paper has illustrated the major, sustainable benefits (economic, social and
environmental) in urban logistics operations emanating from the collaboration between
online grocery retailers. In that way, it has addressed a major gap in the literature as, to our
knowledge, no past work has shown these sustainability-related benefits in relation to the
collaboration of online retailers. Equally, this paper has stressed a prime opportunity for
retailers to pursue as these benefits are worth considering. We are confident that horizontal
logistics collaboration could materialise in the grocery retail chain especially when retailers
are under increased pressure to improve their sustainability targets (Spence and Bourlakis,
2009). Therefore, retailers which will be proactive and will collaborate with other retailers in
their logistics operations will have much to gain in terms of, inter alia, improving their
sustainability and corporate social responsibility credentials. Our work has suggested
specific logistics solutions aiming to address contemporary societal challenges including the
urbanisation one. Considering that the majority of the world population will be living in
urban environments by 2050 (UN, 2015), our research has identified possible logistics
options to be considered by retail managers, supply chain practitioners and policy makers.
We also propose several suggestions for future research including: first, to identify the
best locations for the shared facilities, and what is the catchment area of micro hubs to make
them economically viable. Second, to further examine the impact of the application of a
collaborative planning, forecasting and replenishment system in their operations.
Several limitations of this work should be recognised. The most important one is that the
online demand is based on ballpark figures without a chance to validate the apportioning
results. We use data captured from the delivery system of an online retailer in order to check
the accuracy of demand apportioning methodology which is based on published data from
the Office of National Statistics, retailers’ Annual Reports and our own survey.
We understand the MAPE is high and, therefore, our results should be treated with
caution. Nevertheless, our approach is informed by data provided by reputable sources and
it does not have subjective decisions. Our methodology and results are transparent and
reproducible. Any method is as reliable as the data informed it and we are confident the data
sources that we used are trustworthy. Another limitation is that we use symmetric distances
approximated from the longitude and latitude of postcode sectors as input calculations
for the CVRP. In reality, the distances between two points in urban areas are likely to be
asymmetrical and our distance estimations can be improved by incorporating actual road
distances into the distance matrix. Furthermore, we ran the CPLEX solver for each CVRP
for 60 s for each problem instance owing to the higher number of instances that must be
solved (8,736). Longer runs may show that the benefits from collaboration could be higher
than what we report. We also acknowledge that this work is focused on the UK online
grocery market and collaboration approaches analysing an urban logistics problem based
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on the demand, drop density, operating conditions and associated costs. We recognise that
different results could be expected from other national markets due to different input
parameters. Despite this, we are confident that this market can be an ideal testbed to
illustrate positive benefits emanating from these collaborative activities as retailers based
on other geographical areas of the world develop nowadays similar online grocery offerings.
The UK online grocery market is very dynamic and it is one of the most competitive online
markets in the world. Therefore, there are many lessons to be learned for online grocery
retailers operating in other national markets including the ones from developed and
developing economies focusing on retail firms which aspire to become more sustainable
in their logistics systems; our work could pave the way for UK online retailers (and retailers
in other national markets) to start exploiting and implementing collaborative ventures in
logistics operations with other retailers. Some of those logistics operations could involve
shared warehouses, joint primary distribution activities and transport planning. However,
we are aware that it may be challenging for retailers to collaborate for the transportation of
products during home deliveries as these deliveries constitute a key element of retailers’
brand and customer service strategy.
Despite these limitations, we still conclude that the benefits presented are valuable to
retailers operating their own fleets to satisfy home delivery demand and to policy makers
devising plans to improve the sustainability of urban freight transport.
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Purpose – Supply chain relationships have often been analysed from the macro-perspective of the
companies involved, but there is less evidence of how relationships relate to the micro-perspective of persons
involved. The purpose of this paper is to investigate, in IT outsourcing (ITO), how the buyer–supplier
relationship type strengthens buyer performance from the perspective of consultants.
Design/methodology/approach – IT consultants were surveyed, and analysis was performed considering
the aggregated values of variables that characterise buyer–supplier relationships adjusted to ITO.
Findings – The results show that strategic relationships are associated with higher supplier investment in
relational management than in transactional ones. Similarly, in this type of relationship, higher levels of trust are
linked to the recognition of more activities shared between parties involved than in transactional relationships.
The improvement of supplier development by buyers was also found to improve buyers’ performance.
Research limitations/implications – The model proposed here was developed for nonspecific industries
but tested in the context of ITO. Further research should be undertaken to broaden generalisability.
Originality/value – The paper provides an understanding of the influence of the buyer–supplier
relationship type on buyer performance based both on relational management and, more specifically, how the
formal dimension of supplier development can also contribute to performance. ITO is increasing worldwide,
and relational management affects outsourcing outcomes in broad supply chain integration. This analysis is
usually visited from buyer and supplier perspectives using decision makers. This paper assesses it from the
perspective of consultants.
Keywords Survey, Europe, Supply chain integration, Buyer–supplier relationships,
Outsourcing–insourcing
Paper type Research paper

1. Introduction
Relationships between companies are paramount to supply chain performance, as they involve
access to resources or competences and impact outcomes and the value proposition of the
buying company (Ford et al., 2003). These relationships can be strategic/collaborative or
transactional in nature (Dyer and Singh, 1998; Johnston and Staughton, 2009; Whipple et al.,
2010). In either case, the relationships type will impact the quality of services buyer companies
provide and their competitive positioning in the supply chain ( Johnston et al., 2012; Dyer and
Singh, 1998). Transactional relationships are often characterised as “arm’s length”
relationships (Henderson, 1990). They are often short-term arrangements in which the buyer
can easily replace the supplier without harming its regular business. Strategic/collaborative
relationships, on the other hand, involve interdependence between both parties to attain
common goals. These are usually long-term relationships with sharing of risks and benefits
between the parties ( Johnston and Staughton, 2009; Whipple et al., 2010).
In 2015, IT outsourcing (ITO) business represented $157bn worldwide (Martorelli and
Benkel, 2015). This amount highlights the importance of this type of outsourcing to
companies and the relevance of studying the relationships between the parties and their
effects on performance. Managing ITO contracts involves both a hard and soft side
(Barthélemy, 2003). The hard side relates to developing and executing a rigid contract; it
affects the quality of the IT service provided by reducing output ambiguity. The soft side
relies on strengthening the relationship, increasing trust between partners, and contributing
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to greater mutual obligations and enhanced outcomes (Lacity et al., 2016; Liang et al., 2016).
However, the literature does not specify the type of relationship in which investment in
relational management can influence expected outcomes. This paper maintains that,
from a buyer–supplier perspective, relational management is more associated with
strategic/collaborative relationships (Krause et al., 2007) than with transactional ones.
The latter parties might concentrate on the strict fulfilment of the contract, but for the
former, relational quality will significantly affect IT consultants’ performance and lead to
improved performance for both parties involved.
From the perspective of supply chain relationships, strategic/collaborative relationships
between organisations are expected to contribute more to buyer’s performance than are
transactional relationships through the supplier’s ability to provide the outsourced service. This
is a consequence of the buyer assuming that there will be a return from the two companies’
mutual activities and sharing of information (Kwon and Suh, 2005). A complementary argument
derives from the mutual investment in development, as it is argued that strategic/collaborative
relationships require more commitment from the parties ( Johnston and Staughton, 2009),
allowing space for mutually dedicated investments and development (Dyer and Singh, 1998).
Some research has already been developed on the topic of relational capital and supplier
development in the supply chain (i.e. Ekanayake et al., 2017; Tsanos et al., 2014; Kannan and
Tan, 2006). Nonetheless, research is scarce in terms of linking these influences to the more
strategic/collaborative or more transactional types of relationships in ITO. Relational capital
in ITO is put into practice, to a great extent, by the consultants and is strongly influenced by
the collaboration of the buyer company. It is thus useful to approach this industry from the
consultants’ perspective (micro-level analysis). This operational perspective is relevant
because at this level, internal ties influencing the overall relationship are formed
(Ekanayake et al., 2017). Consultants offer an alternative perspective to that provided by
managers about the company (a more macro-level analysis) or the supplier’s employees
(Boh and Wong, 2015). This paper fills these gaps in the literature by analysing, in ITO, how
developing the relationship between buyer and supplier strengthens buyer performance
over time, as seen from the consultants’ perspective. This viewpoint might shed light on
how the vivid experience of actors in the field affects and is affected by relational
management and the soft side of ITO relationships, generically.
Our selective literature review builds on previous systematic literature reviews on the
social issues in supply chains (Yawar and Seuring, 2017) and ITO (Lacity et al., 2016; Liang
et al., 2016). This review focusses on the types of buyer–supplier relationships ( Johnston
and Staughton, 2009; Whipple et al., 2010) and how they can be explained in two paths: a
relational management perspective (Blonska et al., 2013; Dyer and Singh, 1998); and a
mutual investment perspective (Heide and John, 1990; Ganesan, 1994). This approach led to
a finding of connected theorisation and illustrative empirical studies that allowed sustaining
of the main hypotheses (see Figure 1). Data were collected from consultants working in
different pairs of buyer–supplier relationships and then aggregated at the organisational
level, allowing for testing the proposed hypotheses.
2. Theoretical background and hypotheses
2.1 The role of relationship type on perceived performance of buyer’s company
Companies collaborate in the supply chain to fulfil their performance goals and gain
competitive advantages (Dyer and Singh, 1998). The extent of collaboration between
companies impacts the performance of the business (Zacharia et al., 2009). Moreover,
strategic/collaborative relationships have shown to provide improved outcomes when
compared to transactional relationships ( Johnston and Staughton, 2009; Whipple et al.,
2010). However, collaboration between parties in the supply chain depends not only on the
definition of formal bonds but also, and mainly, on the nature of the relationship set through
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time between the parties (Dyer and Singh, 1998; Ekanayake et al., 2017). These ties derive
from the social exchange between the parties in the dyad, at both micro and macro levels
(Ekanayake et al., 2017) and can lead to improved buyer performance when dealing with
customers. More specifically, performance can be evaluated regarding reduced inventory,
overall cost reduction, and improved logistics services (e.g. fill rate, order cycle time, and
lead time) and the ability to be more responsive to customers’ requests (Whipple et al., 2010).
In ITO, the consultants set the relationship at the operational level. Their degree of
cooperation with buyers’ employees, involvement with buyers’ goals and quality processes
depend on the nature of the relationship established at a macro level (strategic/collaborative or
transactional). For Dyer and Singh (1998), relational outcomes (improved performance) emerge
from collaborative relationships instead of transactional relationships, since physical
proximity enhances cooperation and coordination, and partners engage in more
knowledge-sharing activities. Thus, it can be expected that in ITO, strategic/collaborative
relations will enhance supplier performance, and consequently buyer performance, leading to
the following hypothesis:
H1. Strategic relationships between buyer and supplier are positively associated with
consultants’ perception of buyer companies’ performance.
2.2 Relational management perspective
Social capital, defined as the information, trust, and norms of reciprocity within a network
(Woolcock, 1998), has been considered an enabler of beneficial relationships in supply
networks ( Johnston et al., 2012) and knowledge transfer between parties (Inkpen and Tsang,
2005). Knowledge transfer is the way in which knowledge shared by one party is received
and applied by the other (Ko et al., 2005). Knowledge transfer is based on information
sharing between parties that promotes relationships, thus, it is expected that relational
capital positively influences integration in the dyad and enhances resource exchange
(Blonska et al., 2013; Yim and Leem, 2013). According with the same authors, the sharing of
information and greater exchanges lead to a greater capacity to make improvements and
greater product innovation and, consequently, enhances buyer’s performance. Furthermore,

Figure 1.
Relationship type and
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high information sharing is a distinct issue of strategic/collaborative relationships (Dyer
and Singh, 1998; Johnston and Staughton, 2009), enhancing trust in the dyad (Kwon and
Suh, 2005). Trust is the degree to which one party recognises the other’s competence to
perform the requested activities (Ganesan, 1994), contributing to robust personal relations
developed during interactions between the parties involved (Nahapiet and Ghoshal, 1998;
Faraj and Wasko, 2005). As such, the supplier will act in the buyer’s best interest without
the latter having to monitor or control the relationship (Liao, 2008). More specifically, in the
ITO market, trust and cooperative learning facilitate learning processes between buyer and
supplier. Therefore, IT consultants working directly at buyers’ facilities should develop a
relationship of cooperation with the buyers’ employees allowing these employees absorb the
most knowledge from the outsourcing relationship (Park et al., 2011). It is expected that in
ITO strategic relations, there will be more information sharing and mutual learning and that
these relationships will lead to the development of more trust. In this context, the following
hypotheses are presented:
H2. The more strategic the relationship, the more positive the association with
information sharing between the buyer and the supplier.
H3. Information sharing between the buyer and the supplier is positively associated with
the level of perceived trust between parties.
Strategic relationships, when compared with transactional relationships, have a greater
focus on common goals than on merely maximising profits, as is expected in transactional
relationships ( Johnston and Staughton, 2009). It is expected that relationship activities, such
as working informally, having joint teams, sharing resources, conducting joint planning,
making joint decisions, and interacting on a real-time basis, will be more easily found in
the former type of relationships (Whipple et al., 2010) since these activities allow the
achievement of common goals. The integration of efforts and information systems will tend
to increase the number of interactions between consultants and buyers’ employees,
replicating, at the micro level, the collaboration established at a macro level between
supplier and buyer. In this sense, relational capital translates the configuration of the
interaction between elements in a dyad to allow an operational exchange between elements
involved (Cullen et al., 2000). Relational capital promotes an atmosphere of trust and is a
relevant issue for the development and success of the relationship. Moreover, more activities
in the relationship, found in strategic relationships (Dyer and Singh, 1998; Johnston and
Staughton, 2009), are both cause of and influenced by trust ( Johnston and Staughton, 2009)
since increased interactions will strengthen bonds and mutual trust between individuals.
Equally, higher levels of trust will lead to increased quality of future interactions, depending
on informal work relations (Whipple et al., 2010); broadly, trust between parties depends on
reciprocity over time. Consequently, the following hypotheses are formulated:
H4. The more strategic the relationship, the more positive the association with the
promotion of activities in the relationship.
H5. Promotion of activities in the relationship is positively associated with the level of
perceived trust between parties.
Parties that are engaged promote success in buyer–supplier relationships and improve
individual performance (Kannan and Tan, 2006). The trust level resulting from exchanges
fosters a climate of confidence in which companies feel confident to reduce the need for
control, therefore reducing transaction costs (Raue and Wieland, 2015). On the other hand,
trust might serve as a heuristic for positively assessing mutual contributions, therefore
increasing the outcomes of cooperation (Squire et al., 2009) and facilitating relationships
between consultants and buyer employees. Since ITO relies significantly on the exchange of

knowledge, it can also be expected that learning processes derived from cooperation
between actors will lead to more innovation and know-how specific to the organisations’
processes (Raue and Wieland, 2015), thus producing a perception of improved performance
of the buyer company. Consequently, the following hypothesis is formulated:
H6. Perceived trust between parties is positively associated with the perception of better
performance of buyer companies.

2.3 Mutual investment perspective
Relationships between organisations are usually unbalanced, which might lead one party to
dominate the other. Nonetheless, in a dyad, if one party wants to benefit from the
relationship, it has to lead the other party to invest in promoting that relationship
(Tanskanen, 2015). Dedicated investments are investments made by either the buyer or the
supplier in a relationship (Heide and John, 1990) that contribute to the dependency between
the parties, develop each other, and demonstrate commitment. More specifically, supplier
development practices are activities performed by the buyer to improve the supplier’s
performance or skills (Krause et al., 2007), such as providing technological support, advice
and training as well as setting performance targets, providing feedback, enhancing
cooperation between the two parties, developing technical knowledge and promoting
quality, distribution, and the ability to manage the supplier’s costs.
Logistics services can be classified as being supplied under product service relations
(Wang et al., 2015), but ITO services, under the same framework, can be classified as pure
service relationships. Although there are no tangible transfers in IT services, a service is
exchanged in the supply chain dyad. However, supplier development has risks because the
buyer might be investing in knowledge and skills the supplier can use to reinforce its
competitors. Even so, the expectation is that the investment is used within the company
(Blonska et al., 2013) and from that, mutual benefits emerge (Tanskanen, 2015). The same
authors argue that the shift from a more transactional to a more strategic relationship leads
the buyer to invest in supplier development, and in exchange, the supplier might invest back
in the buyer company. These mutual investments are typical of more strategic/collaborative
relationships (Dyer and Singh, 1998), which involve a commitment for longer periods
between parties. Based on the above, the following hypotheses are presented:
H7. The more strategic the type of relationship, the more positive its association with
dedicated investments of the supplier towards the buyer.
H8. Dedicated investments of the supplier toward the buyer are positively associated
with the supplier development practices by the buyer.
Knowledge transfer is often reported in ITO focussed on the degree to which buyer
companies absorb and use knowledge from their suppliers (Park et al., 2011). This transfer
depends on the sender’s ability to code and share its knowledge and the receiver’s ability to
value, assimilate, and use this knowledge (Cohen and Levinthal, 1990). Knowledge transfer
is possible only if there is continuity in the relationship and intense contact between the two
parties (Kale et al., 2000). Long-term relationships guide the knowledge sender to be
predisposed to invest time to assure that knowledge transfer is successful (Uzzi, 1997;
Kannan and Tan, 2006; Tanskanen, 2015).
ITO relationships are not based on the exchange of physical assets, but mostly on
knowledge shared between parties. A buyer is directed towards a long-term commitment
based on the expectation of benefits it will receive from the supplier. Partners with a short-term
perspective are concerned with short-term results, but when there is a long-term perspective,
partners are concerned with both short- and long-term results (Ganesan, 1994).
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This perspective about long-term relationships is reinforced by Johnston and Staughton (2009),
who argue that the span of the compromise influences the nature of the exchange between the
employees of the different companies, influencing the maximisation of outcomes between
parties. Partners who focus on long-term results are more committed to making the
relationship work by investing in development activities ( Johnston and Staughton, 2009;
Yang et al., 2013). This is especially important in the case of ITO supporting major software
applications, in which the expenses of switching suppliers could imply extra costs (Liang et al.,
2016). As such, the following hypotheses are formulated:
H9. The more strategic the type of relationship, the more positive its association with
long-term commitment between supplier and buyer.
H10. Long-term commitment between supplier and buyer is positively associated with
the buyer’s supplier development practices.
Supply chain integration and supplier development practices that involve coordination and
intensity of exchange between parties are known to lead to improved supply chain
performance (Tsanos et al., 2014). The intensity of exchange can result from supplier
development practices ( Johnston and Staughton, 2009) and intrinsic relationships at
personal and processual levels between the organisations in the relationship (Ekanayake
et al., 2017). Supplier investments in the buyer, as a consequence of a relationship, are
expected to lead to mutual investments from both the supplier and the buyer in that
relationship (Tanskanen, 2015). These mutual developments can influence the buyer’s
ability to achieve its performance goals. In ITO relationships, due to the nature of the service
provided, consultants from the supplier need to work closely with their partners from the
buyer organisation to achieve their goals. This cooperation is known to improve buyer’s
performance (Wei et al., 2012). Consequently, the following hypothesis is formulated:
H11. Supplier development practices by the buyer are positively associated with the
perception of better performance of buyer companies.
Based on the concepts and hypotheses presented, Figure 1 shows the proposed
research model.
3. Methodology
The primary purpose of this study is to establish associations between organisational variables
that characterise buyer and supplier relationships (macro-level of analysis), and since many of
these variables result from evaluations made by the actors in the field, IT consultants were seen
as good observers and reporters. Consequently, we conducted a cross-sectional study using a
survey with IT consultants. To test our hypotheses, linear regressions were conducted, making
a path analysis using the stepwise method with blocks of variables (Tables II and III)
corresponding to the model presented (Figure 1). No specific mediation analysis was performed
since our hypotheses present a sequential path model instead of a mediational model.
Regarding the samples, managers and co-workers were used as evaluators of
organisational variables (Ekanayake et al., 2017; Boh and Wong, 2015). We consider that
consultants can also be good informants and bring a new perspective to buyer–supplier
relationships. Indeed, they have privileged information about their companies (suppliers)
and interact daily with the buyer’s employees to achieve the proposed goals and comply
with the buyer company’s daily routines. By collecting data from consultants, we received
evidence of their perceptions of the relationships (micro level). Thus, to assess the macro
relationships (Kozlowski and Klein, 2003), we adopted a procedure similar to those of earlier
studies (Snell and Youndt, 1996; Wright et al., 2003). We initially checked the possibility of
aggregating perceptions using intra-class correlation (ICC) analysis, to determine if the

variance between the consultants involved in each buyer–supplier relationship was greater
than the variance within each relationship. Since all the variables showed a very good ICC
(higher than 0.70; Table I), we then computed the average of the consultants’ answers in
each relationship to obtain a consensual evaluation from the different judges (consultants).
3.1 Research instrument and data collection
To test our hypotheses, we collected data through a questionnaire based on scales
established in earlier studies; some of them were adapted to ITO relationships. Their
provenance is presented after the description of each variable (complete items of the scales
and references of supporting studies are described in the annex). The questionnaire first
assessed respondents’ eligibility (e.g. required to work at the buyer’s company at least 20
hours per week). Then, it collected basic information about the buyer and supplier
companies, and the scales measuring the proposed variables (see Figure 1). Participants
responded using a Likert scale approach ranging from 1 (“strongly disagree”) to 7 (“strongly
agree”); a “do not know” option was always available. To assure the quality of the
questionnaire, it was pre-tested with ten consultants from different service suppliers
working at buyers’ companies, and semantic adjustments were then introduced to address
specific issues related to ITO relationships. Data were collected using SurveyMonkey during
May and June 2016. The link to the questionnaire was sent by individual e-mail and made
available through LinkedIn.
To test the scales’ psychometric qualities, an exploratory factor analysis was conducted
using a varimax rotation (loadings are presented in Table AI), and then a reliability analysis
was performed on each of the dimensions. The factor structure evidenced clear dimensions
corresponding to the original scales, with a good Kaiser–Meyer–Olkin index of 0.88 Cronbach’s
α for all scales was above 0.85, suggesting the scales’ good psychometric properties of (Table I).
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3.2 Sample and aggregation procedure
From a total of 559 questionnaires, we had 260 valid responses. From these responses, it was
possible to identify 89 different pairs of buyer–supplier relationships with at least two
consultants’ responses. To identify the values of the answers, we computed the average
value of responses from consultants working in the same relationship. Choosing
relationships with at least two consultants assured us of a more consensual evaluation of the
relationship, not just one consultant’s perspective. Consultants who worked for more than
two months and had more than 20 hours a week of contracted hours with the same buyer
were eligible. With this filter, we were confident that the respondents were knowledgeable
about the relationship between their IT company (supplier) and the customer (buyer).
M
(1)
(2)
(3)
(4)
(5)
(6)
(7)

Relationship type
Information sharing
Relationship activities
Trust
Dedicated investments
Long-term commitment
Supplier development
(Human)
(8) Supplier development
(Formal)
(9) Buyer performance

2.45
3.86
3.95
5.28
3.64
5.59

SD ICC
1.04
2.14
1.85
1,38
1.93
1.42

0.80
0.80
0.85
0.78
0.84
0.80

1

2

–
0.23*
0.43**
0.45**
0.41**
0.34**

(0.87)
0.31**
0.13
0.50**
0.14

3

4

5

6

7

8

9

(0.91)
0.43** (0.92)
0.52** 0.28** (0.87)
0.42** 0.48** 0.29** (0.90)

2.81 1.83 0.80 0.30** 0.61** 0.48** 0.18

0.36** 0.17

(0.90)

3.60 2.02 0.81 0.27* 0.62** 0.37** 0.13
0.45** 0.17
0.61** (0.94)
4.24 1.48 0.76 0.40** 0.35** 0.35** 0.42** 0.32** 0.28** 0.37** 0.38** (0.94)

Notes: Values of Cronbach’s α are presented on the diagonal. *p o 0.05; **po 0.01

Table I.
Correlations
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Aggregation of the answers was possible as consultants identified the name of the
companies involved (confidential, non-disclosure was guaranteed).
Four variables were considered to characterise the sample of the 89 buyer–supplier pairs.
Respondents (consultants) worked mainly at a single buyer’s project (79.8 per cent work,
40–50 hours per week at the same buyer); 29.2 per cent of the consultants have been at the
same buyer’s project for at least two years. Of the 89 pairs of buyer–supplier relationships,
42 per cent of the buyers are from the telecommunication sector; 25 per cent are from general
services, and 20.5 per cent are from banking and insurance.
3.3 Variables
With the exception of the first variable, all items are fully described in Table AI. The
authors created the first variable, which aims to assess the relationship type from more
transactional to more strategic, according to the classification provided by Johnston and
Staughton (2009). First, we presented the description of two generic kinds of relationship:
Beta (“My company and the buyer company mostly aim to achieve our own goals, gain
higher profitability in our short-term relationships, and only monitor results after the end
of each contract”) and Alpha (“My company and the buyer company take into account the
mutual alignment of goals, values, and culture, search for a long-term relationship, and
establish continuous monitoring of expectations and perceptions about what is important
for each company”). We then asked consultants to evaluate the relationship between their
company and the buyer company, on the following scale: 1 − it adjusts perfectly to the
description of Beta; 2 – it adjusts more to the description of Beta but contains some aspects
presented in the description of Alpha; 3 − it adjusts more to the description of Alpha but
contains some aspects presented in the description of Beta; 4 − it adjusts perfectly to the
description of Alpha. Concerning the type of relationship, consultants rated them as
transactional (22.7 per cent); transactional but with some characteristics of strategic (25
per cent); strategic but with some characteristics of transactional (31.8 per cent); and
strategic (20.5 per cent). The frequencies of answers show a heterogeneous evaluation of
relationships in this sample (ICC ¼ 0.80).
Information sharing was measured using the three items out of the seven original items
from the scale presented by Monczka et al. (1998) that were more suited to an ITO
relationship. The scale presented a good internal consistency (α ¼ 0.87; ICC ¼ 0.80).
Relationship activities were measured with the six out of the nine items of the scale
presented by Whipple et al. (2010) that more corresponded with an ITO relationship. The
items were adapted to an ITO relationship, and excellent internal consistency was found
(α ¼ 0.91; ICC ¼ 0.85).
Trust was measured with six items from the eight original items from the scale proposed
by Moberg and Speh (2003), and excellent internal consistency was found (α ¼ 0.92;
ICC ¼ 0.78). The two reversed items were excluded due to problems of internal consistency.
Dedicated investments were considered with all three items from the scale presented by
Whipple et al. (2010). The items were adapted to an ITO relationship, and good internal
consistency was found (α ¼ 0.87; ICC ¼ 0.84).
Long-term commitment was operationalised using the four original items presented by
Whipple et al. (2010). Good internal consistency was found (α ¼ 0.90; ICC ¼ 0.80).
Supplier development was analysed based solely on the human and formal dimensions
presented by Wagner and Krause (2009), as it was considered that the consultants would
not have information to assess the remaining four dimensions. For the human dimension,
only four out of the original five items (those that were fitted to an ITO relationship) were
used, and good internal consistency was found (α ¼ 0.899; ICC ¼ 0.81). For the formal
dimension, all four original items were used, and excellent internal consistency was obtained
(α ¼ 0.94; ICC ¼ 0.81).

Supplier performance was assessed using all eight items presented by Whipple et al.
(2010). Good internal consistency was found (α ¼ 0.94; ICC ¼ 0.76).
Control variables are: number of years the buyer in the market and another with the
number of years the supplier is in the market, since they might be proxies for the duration of
past relationships but also influence the expectancy of future relationships; two other
variables with the number of employees of the buyer and another of the supplier companies
as a proxy of the dimension of the companies, since they might affect the type of relations
and the possible mutual activities and investments.
4. Findings
4.1 Design analysis
First, we analysed the correlations to evaluate the principal relationships between the variables
in our model (Table I). Afterwards, we tested the suggested paths through several linear
regressions. In the first group of variables, we tested if the evaluation of the type of relationship,
the promotion of shared information, and relationship activities are indeed associated with a
higher perception of trust. We did this while controlling the previous variables that, in turn,
predict the evaluation of higher impact on buyer performance made by IT consultants (Table II).
We then conducted a similar analysis but tested the possible relationship between type of
relationship with dedicated investments and long-term commitment. We tested if the last two
variables are associated with supplier development and, finally, if they also predict the
evaluation of higher impacts IT consultants make on buyer performance (Table III).
4.2 Results
By analysing the correlation matrix (Table I), several significant correlations arise. First, the
positive correlation found between the type of relationship (more strategic/collaborative)
and the evaluation of buyer performance (r ¼ 0.40, p o0.01) is in concordance with H1.
In the same vein, the type of relationship presents positive correlations with information
sharing (r ¼ 0.23, p o0.05), relationship activities (r ¼ 0.43, po 0.01), dedicated investments
(r ¼ 0.41, p o0.01), and long-term commitment (r ¼ 0.34, p o0.01). This is in accordance
with the predictions of H2, H4, H7, and H9, evidencing that the more the relationships
between buyer and supplier are evaluated as strategic/collaborative, the greater the
perception of more information sharing, promotion of conjoint activities, more dedicated
investments of the supplier toward the buyer, and greater efforts for maintaining of a
long-term commitment in those relationships.
There is also a positive correlation between relationship activities and trust (r ¼ 0.43,
p o0.01), as proposed in H4, but not between information sharing and trust, as predicted in
H3, leading us to infer that trust is linked to mutual activities and does not rely on the
informational aspects of the relationship. A positive correlation can also be seen between
dedicated investments and the human dimension (r ¼ 0.36, p o0.01) and the formal
dimension (r ¼ 0.45, p o0.01) of supplier development, which agrees with the exchange
explanation proposed in H8. Conversely, long-term commitment is not significantly
correlated with any dimension of supplier development, contradicting what is proposed in
H10. This might be because the consultants’ recognition of the buyer’s long-term
commitment towards the supplier can be related to other aspects not forcibly related to
mutual development measured in this study. This could be through the buyer’s dedicated
investments towards the supplier and, reciprocally, supplier development promoted by the
buyer in the human and formal dimensions.
Finally, there is a positive relationship between trust and the evaluation of buyer
performance (r ¼ 0.42, p o0.01), as proposed in H6, and between buyer performance and the
human dimension (r ¼ 0.37, p o0.01) and the formal dimension (r ¼ 0.38, p o0.01) of
supplier development, as suggested in H11. These results allow the conclusion that
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Predictors
(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Adjusted R2
F value
(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Information sharing
Relationship activities
Δ R2
Adjusted R2
F value

Buyer
performance

Information
sharing

Relationship
activities

Mod 1
3.56
−0.22*
0.15
−0.08
−0.07
0.41**
0.16
7.941**

Mod 2
0.37
−0.04
−0.06
0.28*
0.14
0.23*
0.09
2.598*

Mod 3
1.07
−0.04
−0.05
0.20
0.04
0.44**
0.18
4.819**

.

(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Information sharing
Relationship activities
Trust
Table II.
0.35
Δ R2
Stepwise regression
0.01
0.36
Adjusted R2
results: buyer
0.818 ns
17.545
performance through F value
relational management Notes: β standardized coefficients presented a t-test with *p o0.05; **p o0.01

Trust
Mod 4
3.42
−0.04
0.19
−0.03
−0.01
0.46**
0.18
4.848**
Mod 5
3.18
−0.03
0.20
−0.08
−0.02
0.33**
−0.03
0.31**
0.06*
0.24
4.872**

0.01
1.342 ns

Buyer
performance
Mod 6
3.56
−0.22*
0.15
−0.08
−0.07
0.41**
0.16
4.279**
Mod 7
3.32
−0.19
0.18
−0.19
−0.11
0.27*
0.28**
0.17
0.09**
0.25
5.043
Mod 8
3.44
−0.19
0.13
−0.17
−0.11
0.18
0.28**
0.09
0.26*
0.04*
0.29
5.352

consultants evaluate the impacts on buyer performance more positively, not only when they
perceive higher trust in the relationship, but also when they perceive that buyer companies
invest in supplier development with training, sharing of knowledge (human dimension) and
establishing ways to monitoring the activity (formal dimension) and possible improvements
of the ITO activity.
To analyse H1, a linear regression was conducted with buyer performance as the
dependent variable and control variables and type of relationship as predictors (Model 1).
These variables allowed an explained variance of 16 per cent, in which a supplier’s years in
the market contribute to a negative effect ( β ¼ −0.22; po0.05) on buyer performance, and the
more strategic the relationship, the higher the evaluation of buyer performance ( β ¼ 0.41;
po0.01). This allows us to not reject H1 and further comment that buyer/supplier
relationships evaluated as less strategic/collaborative tend to be associated with less
satisfactory performance of buyer companies, according to the consultants’ evaluations.
Building on the existence of this relationship, next we will evaluate the explanatory power of
the two proposed paths (Figure 1).

Predictor
(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Adjusted R2
F value
(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Dedicated investments
Long-term commitment
Δ R2
Adjusted R2
F value

Dedicated
Long-term
Investments commitment
Mod 9
0.93
−0.13
−0.05
0.22*
0.03
0.41**
0.18
4.703**

Mod 10
2.67
−0.06
0.19
0.26*
0.01
0.35**
0.20
5.414**
.

Supplier
development
(Human)

Supplier
development
(Formal)

Mod 11
1.08
−0.18
0.15
0.00
0.07
0.32**
0.07
2.306*
Mod 12
0.79
−0.14
0.16
−0.06
0.06
0.19
0.29**
0.01
0.05*
0.12
2.635**

Mod 13
1.42
−0.06
0.00
0.07
0.11
0.30**
0.09
1.856
Mod 14
0.93
0.00
0.01
−0.04
0.09
0.12
0.43**
0.03
0.06**
0.15
3.668**

(Intersection)
Supplier in the market (years)
Buyer in the market (years)
No. of employees supplier
No. of employees buyer
Relationship type
Dedicated investments
Long-term commitment
Supplier develop (Human)
Supplier develop (Formal)
ΔR2
Adjusted R2
F value
Notes: β standardized coefficients presented a t-test with *po 0.05; **p o0.01

Buyer
performance
Mod 15
3.61
−0.22
0.17
−0.11
−0.09
−0.43**
0.17
4.405**
Mod 16
3.06
−0.20
0.15
−0.19
−0.10
0.31**
0.17
0.16
0.03 ns
0.20
3.928**
Mod 17
2.81
−0.18
0.13
−0.17
−0.13
0.25*
0.04
0.15
0.13
0.22*
0.06*
0.26
4.244**

Using two linear regressions, we evaluated the extent to which the type of relationship could
impact information sharing (Model 2) and relationship activities (Model 3). Both models
contribute to a significant reduction of the variance, evidencing that the type of relationship has
a positive effect ( β ¼ 0.44; po0.01) on relationship activities, introducing an explained variance
of 18 per cent. This allows us to not reject H4. With less magnitude, a positive effect of the type
of relationship ( β ¼ 0.23; po0.05) and supplier number of employees ( β ¼ 0.28; po0.05) was
found towards the relationship activities, evidencing 9 per cent of explained variance. These
results allow us to not reject H2. The results reveal that more strategic/collaborative
relationships tend to be more associated with mutual activities, but less with information
sharing. Further, information sharing is explained by the supplier company dimension, pointing
to the possibility that larger companies that manage IT consultants already have quality
procedures that could oblige more information sharing, but not necessarily in a voluntary way.
As for H3 and H5, we ran a linear regression with two blocks. In the first, we evaluated
the effect of type of relationship (Model 4), and in the second block, we introduced the
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variables of information sharing and relationship activities (Model 5) to test their possible
cumulative effect on the type of relationship. The results show that the introduction of the
new variables improves the explanatory quality of the model (R2model4 ¼ 0:18; R2model5 ¼ 0:24;
ΔR2 ¼ 0.06; p ¼ 0.05) and, as predicted, a positive effect of the relationship activities
( β ¼ 0.31; p o0.01) on trust, allowing us to not reject H5.
However, in contrast to the predictions, information sharing does not show an effect on
trust, which leads us to reject H3. Additionally, the effect of this group of variables on the
evaluation of buyer performance was assessed by conducting a linear regression with three
blocks. In the first, we introduced the control variables and the type of relationship
(Model 6), then the variables of information sharing and relationship activities (Model 7),
and in the final block, the trust variable. The results show that introducing the second and
third blocks significantly improves the explanatory value of the model (R2model6 ¼ 0:16;
R2model8 ¼ 0:29; ΔR2 ¼ 0.13; p ¼ 0.01), and, as expected, a positive effect of trust ( β ¼ 0.26;
p o0.05) on the type of relationship (Model 8). This leads us to not reject H6 and suggests
that in more strategic/collaborative types of relationships, there is a tendency to develop
more activities in the relationship, which produces higher mutual trust, leading to a
perception of greater impact on buyers’ performance. This aspect highlights one of the ways
of developing the relational capital between companies. From the last model, it can be seen
that information sharing also presents an effect ( β ¼ 0.28; p o0.01) on buyer performance
that is independent of the evaluation of trust. This finding can lead to an interpretation that
building good communication channels between buyer and supplier enhances buyer
performance, most probably linked to a more efficient way of managing expectations and
possible changes that occur though providing IT services.
We conducted several linear regressions to test the social exchange explanation between
investments and supplier development that might occur in strategic/collaborative
relationships. We first conducted two linear regressions to assess the extent to which the
type of relationship could impact dedicated investments (Model 9) and long-term
commitment (Model 10). Both models contribute to a significant reduction of variance,
showing that both the type of relationship ( β ¼ 0.41; p o0.01) and the supplier’s number of
employees ( β ¼ 0.26; p o0.05) have a positive effect on dedicated investment, introducing
an explained variance of 18percent, allowing us to not reject H7. With identical magnitude,
we found a positive effect of both the type of relationship ( β ¼ 0.35; p o0.01) and the
supplier’s number of employees ( β ¼ 0.26; p o0.05) on long-term commitment, showing
20 per cent of explained variance, allowing us to not reject H9. It should be noted that the
effects of the supplier company dimension on both variables could indicate that larger
companies tend to transfer more knowledge to their buyers and search for more long-term
relationships with them. This reinforces the previous finding that larger IT companies
already have quality procedures that could oblige greater information sharing, but not
necessarily as a result of informal relationships.
As for H8 and H10, we ran two linear regressions having the two dimensions of supplier
development (human, formal) as dependent variables with two blocks. In the first block, we
evaluated the effect of type of relationship (Model 11 for human dimension; Model 13 for
formal dimension). In the second block, we introduced the variables of dedicated
investments and long-term commitment (Model 12 for human dimension; Model 14 for
formal dimension) to test their possible cumulative effect on the type of relationship. The
results show that introducing the new variables improves explanatory quality
(R2model11 ¼ 0:07; R2model5 ¼ 0:12; ΔR2 ¼ 0.05; p ¼ 0.05) and as predicted, the positive effect
of dedicated investments ( β ¼ 0.29; p o0.01) on the human dimension of supplier
development. Additionally, it can be seen that introducing the new variables improves the
explanative quality of the models (R2model13 ¼ 0:09; R2model14 ¼ 0:15; ΔR2 ¼ 0.06; p ¼ 0.01) and
as predicted, a positive effect of the dedicated investments ( β ¼ 0.31; p o0.05) on the human

dimension of supplier development. Considering the positive effects of dedicated
investments on both dimensions of supplier development, H8 should not be rejected.
However, contrary to predictions, long-term commitment does not present an effect in any
dimensions of supplier development, which leads us to reject H10.
Finally, the effect of this group of variables was evaluated over the consultants’
assessment of buyer performance by using a linear regression with three blocks. In the first,
we introduced the control variables and the type of relationship (Model 15) then the
variables of dedicated investments and long-term commitment (Model 16). In the final block,
we introduced the two dimensions of supplier development (human, formal). The results
show that introducing the second and third blocks significantly improves the explanatory
value of the model (R2model15 ¼ 0:17; R2model8 ¼ 0:26; ΔR2 ¼ 0.09; p ¼ 0.05) and shows, as
predicted, a positive effect of the formal dimension of supplier development ( β ¼ 0.22;
p o0.05) on the type of relationship, reducing its power in the final model (Model 17). This
leads us to not totally reject H11. These results suggest a more careful interpretation of the
effects of strategic/collaborative relationships as a result of the exchanges between buyers’
dedicated investments in suppliers and reciprocity based on the buyer’s possible
development of the supplier. In fact, they seem to point out the importance consultants
detect in monitoring the relationship between the two companies (formal dimension of
supplier development). This is in accordance with results previously found regarding the
effects of information sharing in the consultants’ evaluations of effects on buyers’
performance (Model 8).
5. Discussion and conclusions
5.1 Overall discussion
This research considered two pathways of analysis in seeking to explain how
strategic/collaborative relationships affect buyer performance, one from the perspective
of relational management and a second from the perspective of mutual investments in
the dyad. Our findings support most of the hypotheses that emerged from the literature and
the two pathways from the research model, although with some interesting and unexpected
results. It was found that when the relationship between buyer and supplier takes into
account common goals, has a long-term perspective, and seeks to fulfil what is relevant for
each party involved, i.e., has more of a strategic/collaborative nature, consultants perceive
better performance from the buyer company.
Under the relational management perspective, our findings support the belief that if a
relationship between a buyer and a supplier has a more strategic/collaborative nature, IT
consultants perceive high information sharing in the dyad and high intensity of activities
developed between them. While the findings are in line with Whipple et al. (2010) and
Johnston and Staughton (2009), our findings indicate that strategic/collaborative
relationships have a stronger association with the intensity of the activities than with
information sharing in the dyad. Regarding the relationship between trust and information
sharing, unexpectedly, our findings did not highlight an association between them.
Considering the previous findings that in more strategic/collaborative relationships,
information sharing is less relevant than the activities in the relationship, it is possible that
the consultants’ perception that trust is not associated with information sharing results from
information sharing that is more informal and, therefore, less recognised by the consultants.
Although supportive of Rusly et al.’s (2014) findings that informal information sharing does
not promote as much cohesion as formal information sharing, the finding contradicts Kwon
and Suh (2005) and our initial expectations that trust would be promoted by information
sharing. Notwithstanding these results, our further analysis indicated that, according to
consultants’ evaluation, information sharing has a considerable direct influence on buyer
performance. This might be explainable by other variables not included in the model,

Buyer–supplier
relationships
in ITO

1227

IJLM
29,4

1228

evidencing that the explanative value of information sharing is independent of the type of
relationship (more strategic/collaborative or more transactional). This is supported by the
finding of Rai et al. (2012) that information sharing and trust substitute for formal
contractual relationships.
Although also unexpected, these findings show that information exchange between the
parties enhances buyer’s performance in ITO but does not forcibly promote trust. To some
extent, these results can help explain the mixed findings detected in previous reviews
concerning the impact of information sharing on performance (Lacity et al., 2016). At a
macro level, the transfer of information could contribute to reduced costs and new
products and strategies (Christopher, 2016), but to become effective, it is relevant that
there are activities at a micro level involving the actors in the field. The exchange of
information could also result from facilitated or faster communication channels, a
consequent flexibility to act and react to sudden changes in which the supplier has to be
involved to fulfil buyer’s requests. These arguments also support Rusly et al. (2014).
Nonetheless, the relationship activities showed a positive effect on the level of consultants’
perceived trust between the parties.
Further, our findings showed that in more strategic/collaborative relationships, activities
developed between the parties lead to increased trust, which promotes the consultants’
perception of improved buyer performance. Although this is the consultants’ view of the
consultants, it corroborates Dyer and Singh’s (1998) arguments that strategic/collaborative
relationships tend to develop more activities in the relationship and promote trust in
the dyad ( Johnston and Staughton, 2009).
Relationship activities are more likely to occur in strategic/collaborative relationships
than in transactional relationships (Whipple et al., 2010), and the intensity of activities in the
relationship contributes to significant performance improvement of the buyer (Sanders et al.,
2011). As in ITO, transactional relationships do not involve permanent sharing of IT
systems. As such, the consultants’ perception of improved buyer performance results more
from the trust promoted by the intensity of the relational exchange between consultants and
buyers’ employees than from information sharing, which can be less visible to them.
More broadly, these results call our attention to the difference between formally establishing
inter-organisational relations with defined information exchange and managing these
relations regarding activities involving actors that represent the company (Barringer and
Harrison, 2000; Ekanayake et al., 2017). From a managerial perspective, the results highlight
the behavioural aspects of inter-organisational relations, not only economic ones (Barringer
and Harrison, 2000).
Regarding the mutual investments perspective, our findings show that strategic/
collaborative relationships are associated with suppliers investing in specific assets
required to assure continuity of the contracted service and therefore the relationship. This,
in turn, leads to buyer’s investments in the supplier regarding technical support, advice,
training, setting goals, assessing performance, and providing feedback. These results
support Tanskanen (2015), although Tanskanen’s findings were not ITO-specific. In ITO,
the technological component of the service supplied is prominent and most often requires
employees dedicated to the buyer, which leads suppliers to have to invest to create the
capacity needed to serve the buyer. It was also identified, as expected, that relationships of a
more strategic/collaborative nature reveal stronger commitment from the supplier but,
contrary to predictions, the model did not show that this commitment leads to buyers’
investments in the supplier.
In deeper discussion, it is possible to state that the initial conclusions support Wagner and
Krause’s (2009) and Johnston and Staughton’s (2009) findings but show that in ITO
relationships that are more of a strategic/collaborative nature, investments made by the buyer
in the supplier are possibly reciprocal. This is in accordance with Dyer and Singh’s (1998)

propositions and Tanskanen’s (2015) findings that these investments help balance
relationships that could otherwise be less balanced regarding the structural power between
the parties, and not a direct consequence of the nature of the relationship. Another possible
explanation is that in ITO, buyers invest in suppliers as a result of the supplier investment in
the buyer, regardless of the supplier’s time commitment, to assure that there are proper
conditions in place for the supplier to provide the service. This is in line with Lacity et al.’s
(2016) arguments that in ITO, buyers expect that suppliers will, among other aspects, provide
them with more core capabilities, be a source of expertise and skills, and lead them to
improved service.
Not entirely according to predictions and partly contradicting Wei et al. (2012), the
findings showed that supplier development practices are perceived by the consultants as
associated with an improved level of performance from the buyer, which nonetheless
supports the overall arguments of Wagner and Krause (2009), but only through the formal
dimension, not from the human and knowledge dimensions. It is important to note that this
research is based on the consultants’ perspective. As such, a possible explanation for these
findings is that consultants, acting at a micro level in the relationship, are mainly focussed
on their own participation in the supplier service provision and not so much on more
macro-level aspects concerning the buyer’s assessment of the supplier’s performance (the
formal dimension), which supports Ekanayake et al. (2017). This reinforces the identification
of a direct effect of information sharing on buyer’s performance and supports Lacity et al.’s
(2016) arguments concerning buyers’ goal when investing in suppliers (among others, to
improve their level of performance).
5.2 Contributions to theory
Our study provides a relevant contribution to theory in the scope of the type of relationships
in the supply chain and its influence on the buyer. Because systematic literature reviews and
meta-analyses (Yawar and Seuring, 2017; Lacity et al., 2016; Liang et al., 2016) and specific
theoretical frameworks (Blonska et al., 2013; Dyer and Singh, 1998; Ganesan, 1994; Heide
and John, 1990; Johnston and Staughton, 2009; Whipple et al., 2010) grounded the
development of the proposed integrated model, this scope of supply chain knowledge was
enriched. The proposed model adds to the existing knowledge, as it was statistically
validated under the scope of ITO. Our study highlights two pathways to explain the impact
of the type of relationship on the performance of the buyer: relational management and
mutual investment. We have shown that information sharing and trust influence buyer
performance and that sharing of investments, mainly from the human perspective, affects
buyer performance in more strategic/collaborative relationships.
Although earlier research addressed the assessment of buyer–supplier relationships,
senior managers’ perspectives have usually been used, as they are believed to have a
better overall view of the relationships (e.g. Johnston and Staughton, 2009). Ekanayake
et al. (2017) classify the ties at different levels of the relationship in a dyad as “symbiotic”,
stressing the relevance of analysing beyond senior management perspective. Micro-level
analysis is, therefore, fundamental to the dynamics and outcomes of a relationship
established at a macro level. The approach provided by this research is based on the
perspective of those at a lower level of the hierarchy, consultants, allowing a micro-level
analysis, and therefore adding to the existing knowledge by helping fill the corresponding
gap in the literature.
Buyer–supplier relationships have been widely studied from different perspectives, and
the parties’ performance is a recurring topic. Relational management has been studied by
several, for instance, to assess the willingness to share information in the supply chain
(Zaheer and Trkman, 2017) or to assess the impact of the relationship on the companies’
competitiveness (Dyer and Singh, 1998). Social exchange has been the grounding area for
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research that explores the balance in the relationships, e.g. Tanskanen (2015), who analyses
how different power levels in the relationships can still be fruitful for both parties, or
Ganesan (1994), who assesses the determinants of the long-term orientation of relationships.
Nonetheless, explanations of how the type of relationship leads to buyer performance had
not yet been explored from the parallel perspectives of relational management, i.e., from a
more high-level approach and the mutual investments that underlie the continuous
exchange between parties that impacts the more operational side of the relationship. The
current research uses these two perspectives to, in parallel, support the explanation of the
influence of the type of relationship in the dyad on the buyer’s performance.
The proposed model was analysed under the scope of ITO, but the research instrument
was developed based on previous studies that did not discriminate modelling and data
collection tools to a specific industry. Therefore, although the data used are industry
specific, the produced model is not. However, it can be adjusted to fit other industries in both
the services and manufacturing areas, adding to the literature in this area. These
adjustments should be promoted to assess the model’s generalisability.
5.3 Contributions to practice
The findings from this research provide several practical implications for buyer companies
in outsourcing relationships to improve performance. It is known that there is a positive
relationship between parties developing more strategic/collaborative relationship and the
performance level of the buyer (Krause et al., 2007). Our research into paths that explain how
that improvement is generated can help managers improve the focus of their efforts. Our
research empirically shows that when a buyer aims to improve its performance and is
available to develop a more strategic/collaborative relationship with a specific supplier, that
company should invest in relational management in that dyad by developing a closer
relationship with that supplier, promoting ways of open communication and showing
availability to take into consideration common goals.
Trust is considered a basis for commitment between parties (Morgan and Hunt, 1994),
and it leads to buyer performance (Kannan and Tan, 2006). Our research shows that even
when information sharing does not promote trust, the sharing of information between
parties is still relevant for buyer performance. The consultants’ micro-level perspective of
the relationship, and their possible difficulty to perceive the full extent of information
sharing between parties, might explain the lack of association between information sharing
and trust between the elements of the relationship. According to Squire et al. (2009), trust
improves relationship outcomes. Consequently, if managers in ITO promote consultants’
awareness of the full extent of information sharing between the parties, it could contribute
to consultants’ recognition of trust in the dyad and, therefore, contribute to buyer
performance through consultant performance. In parallel, managers should pay attention to
what kind of information is shared and by whom, as critical information might be leaving
the organisation (Zaheer and Trkman, 2017). Due to the fact that consultants are in the field,
their awareness of the activities in the relationship is facilitated. The development of joint
work improves trust between the companies ( Johnston and Staughton, 2009). Therefore, our
research allows us to advise managers in ITO relationships to promote joint work between
their employees and consultants from the supplier companies to compensate for the lack of
contribution to trust from information sharing.
The buyer should allow a relational climate with the supplier that promotes reciprocity/
mutual investments (Zaheer and Trkman, 2017). Our research shows that commitment
longevity with the supplier does not lead to improved buyer performance, but supplier
investments in the buyer do. Thus, our research allows providing detailed support to buyer
managers by showing that they should encourage ITO companies to invest in consultants’
expertise and the technology required to supply the service. Reciprocally, the buyer should

provide technical support to the supplier, training to their consultants, promote feedback
regarding performance, and more formal goal-setting and assessment to improve its
consultants performance.
5.4 Limitations and further research
Our research has several limitations. One is that we used a convenience sample. Its
dimension and lack of ability to represent the industry constrains the ability to generalise
our findings, as only 89 different pairs of buyer–supplier relationships were obtained.
Furthermore, although all the relationships relate to ITO, the buyers’ specific industries
were not considered. However, the diversified type of relationships and total number of
consultants involved allow some confidence in the ability to generalise our findings and the
conviction that further studies could deepen the presented results. The cross-sectional
nature of the study emerges as a methodological limitation since it is not possible to evaluate
the temporal sequence of the relationship between the variables analysed. The model was
developed from the literature assuming that information sharing and relationship activities
lead to increased trust. Nonetheless, it is possible that trust that will also promote
relationship activities and information sharing, which could, therefore, help build more
long-term and strategic/collaborative relationships. It is likely that we are in the presence of
virtuous cycles of reciprocal reinforcement. If so, the model presented can help guide
possible interventions to reinforce those cycles.
It is possible to identify at least three paths for further research from this study. Our
findings show that although information sharing between parties does not have an
association with the trust consultants perceive in the dyad, there is still an association
between information sharing and perceived performance of the buyer. This draws attention
to the fact that trust between the parties might influence, or be influenced by, other aspects
of ITO relationships, which invites further research. Another research path that emerges is
the association between long-term commitment and dedicated investments. Contrary to
expectations, the current study showed that long-term commitment between parties is not
associated with buyer’s investment in suppliers, which in turn is related to buyer’s
performance. At the same time, the nature of the relationship impacts buyer performance,
and relationships of a more strategic/collaborative type are related to improved buyer
performance. As these strategic/collaborative relationships tend to be lengthier ( Johnston
and Staughton, 2009), the relationship between long-term commitment and the supplier’s
dedicated investments in the buyer invites further research. The last research path that
emerges from the current study derives from one of its limitations. Although the model was
built based on conceptual foundations from generic industries, testing was focussed on ITO.
As a result, further research is required to validate the model or identify its adjustment in
other industries and outside the professional service context.
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Appendix

Scales (adapted items)

Loadings

a

Information sharing
The relationship between my company and the buyer company is characterised by
… being is expected that any information which might help the other party will be provided
… the parties are expected to keep each other informed about events or changes that may affect
the other party
… the buyer company informs in advance of changing needs

0.768
0.732
0.673

Relationship activitiesb
My company and the buyer company
… develop a mutual understanding of responsibilities
… informally work together
… share ideas, information, and/or resources
… have joint teams (with IT consultants and IT professionals)
… achieve goals collectively
… interact on a real-time bases

0.825
0.758
0.754
0.739
0.713
0.613

Trustc
In the relationship between my company and the buyer company
… I believe that my company is frank in dealing with the buyer company
… my company is perceived as being honest by the buyer company
… my company is genuinely compromised with the success of the buyer company
… the promises made by my company are reliable
… me and the other consultants believe on the information that is given by the buyer company
… my company is trustworthy

0.884
0.834
0.826
0.719
0.708
0.651

Dedicated investmentsb
my company provides significant expertise and/or technology to the buyer company
my company have made significant investments on the consultants that are more dedicated to
this buyer
my company have made significant investments to assure the relationship with this buyer
company

1235

0.782
0.766
0.753

b

Long-term commitment
my company is committed to this buyer
my company expects that the relationship with the buyer continue for a long time
my company expects that the relationship with the buyer strengthen over time
considerable effort and investment has been undertaken in building this relationship
Supplier developmentd
Buyer company has extensively undertaken our companies’ development by:
(Human and knowledge dimension)
… giving technological advice to our company (e.g. software materials)
… giving product development related advise to our company (e.g. processes, project
management)
… giving training to me and my colleagues
… giving quality related advice to our company (e.g. quality assurance procedures)
(Formal dimension)
… providing feedback about our companies performance on the delivery of services
… evaluating the effects of our company’s performance faults on their own performance
… setting improvement targets
… having a strong formal supplier evaluation

0.859
0.798
0.781
0.652

0.856
0.808
0.737
0.736
0.860
0.831
0.796
0.790
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Table AI.

Scales (adapted items)

Loadings

Buyer performanceb
This relationship allows the buyer company:
… increase its capacity to answer customers’ requests
0.891
… increase its forecast accuracy
0.881
… improve its on-time delivery
0.868
… increase its profitability
0.861
… improved processing accuracy
0.809
… reduce its order cycle times
0.786
… achieve cost reductions
0.567
… reduce its workforce
0.546
Notes: aAdapted from Monczka et al. (1998); badapted from Whipple et al. (2010); cadapted from Moberg and
Speh (2003); dadapted from Wagner and Krause (2009)
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Abstract
Purpose – The purpose of this paper is to articulate propositions on how collaborating multi-national
corporations (MNCs) can manage their supplier base in order to reduce the risk of suppliers’ non-compliance
with shared codes-of-conduct.
Design/methodology/approach – The study utilises a conceptual theory development approach. In doing
so, it utilises key tenets of agency theory that are applied in a multi-principal–supplier relationship context
and synthesised in a series of propositions.
Findings – The study shows that MNCs have a variety of mechanisms for reducing the risk of suppliers’
non-compliance by decreasing information asymmetry, increasing their bargaining power and
simultaneously use of both rewards/sanctions, and reputation-based safeguards.
Research limitations/implications – This is a conceptual theory development study, offering testable
propositions, which have then to be empirically validated.
Practical implications – The study showcases that managers of MNCs who find themselves in
relationships with non-compliant suppliers have at their disposal a variety of mechanisms to reduce the risk
of suppliers’ non-compliance.
Originality/value – This is one of the first studies that explore suppliers’ non-compliance with codes-of-conduct
at the level of a relationship, rather than a single firm. In this way it proposes a theoretical framework grounded in
agency theory on managing relationships between multi-principal collaborators and their suppliers.
Keywords Sustainability, Corporate social responsibility, Agency theory, Europe, Asia,
Buyer–supplier relationships, Conceptual research, Theory development, Supplier management,
Supplier compliance
Paper type Conceptual paper

Introduction
The widespread use of outsourcing, from low-cost economies and growing concerns about the
social and environmental impacts of production and consumption, is fuelling interest in issues
related to social responsibility, sustainable sourcing, environmental management and green
supply chains (Hofmann et al., 2015; Aguinis and Glavas, 2012; Hill and Rapp, 2014; Lee and
Kim, 2009). Corporate social responsibility (CSR) initiatives traditionally have been taken over
by multi-national corporations (MNCs), who hold most of the power in supply networks and
are responsible for division of tasks between them and their network partners—i.e. suppliers
( Jenkins, 2001; Maloni and Brown, 2006).
As part of addressing social and environmental issues, a growing number of MNCs
engage in collaborative initiatives with other firms operating in the same industry. One of
the main purposes of these collaborative efforts is to develop shared codes-of-conduct aimed
at managing and monitoring suppliers’ compliance with ethically and socially responsible
practices (Arya and Salk, 2006; Mele and Schepers, 2013). These codes stipulate, among
other operational issues, that working conditions are safe and hygienic, child labour is not
used, working hours are not excessive and wages/pay conditions are fair ( Jiang, 2009).
Moreover, the collaborative efforts between MNCs have also been seen as a way to establish
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common policies and action plans, design and encourage the development and adoption of
joint best practices, and generally avoid exposing suppliers to potentially conflicting
requirements (Aguinis and Glavas, 2012).
The evidence to date, however, shows that in spite of collaborative efforts between
MNCs to develop and implement codes-of-conduct, suppliers’ lack of commitment and
non-compliance is still frequently present (Ciliberti et al., 2009). In fact, “active
commitment is a precondition for the successful implementation of the [codes], but the
incentive to comply with [them] does not necessarily extend to all the actors in the chain”
(Pedersen and Andersen, 2006, p. 228). For example, the Clean Clothes Campaign (2016)
report shows that, after a ten-year long period of commitment to worker safety, the
major apparel brands and retailers that are part of the Alliance for Bangladesh Worker
Safety—including Gap Inc., Target, VF Corporation, Hudson’s Bay Company and
Walmart—are still struggling with massive suppliers’ non-compliance, unsafe factories
and hundreds of thousands of workers at risk. Large global brands (such as Adidas and
Nike) experienced similar non-compliance problems with South Asian manufacturers
of footballs with regard to child labour practices expressed in multi-stakeholders’
codes-of-conduct (Lund-Thomsen and Nadvi, 2010). Suppliers’ non-compliance can lead to
serious consequences for MNCs resulting in consumer sanctions, negative press, capital
loss and damage to a company’s brand (Aguinis and Glavas, 2012; Seuring and Müller,
2008). Besides, non-compliant behaviours can negatively impact on suppliers’
competitiveness and on their possibility to engage in transactions with MNCs highly
committed to social and environmental issues (Mzembe et al., 2016).
The intent of this study is to use a conceptual theory development approach in order to
answer the following research question:
RQ1. How, and under what conditions, could collaborating MNCs effectively manage
relationships with their suppliers in order to decrease the risk of suppliers’
non-compliance with codes-of-conduct?
In this way a well-established scholarly tradition of theory development is followed, which
has been previously applied in the areas of buyer–supplier relationships and supply chain
management (e.g. Bastl et al., 2013; Choi and Wacker, 2011; Choi and Wu, 2009; Ketchen and
Hult, 2011). In doing so, we turn to agency theory, which specifically focusses on the
relationship between a principal and an agent that are engaged in cooperative behaviour,
but have differing goals and asymmetric information (Eisenhardt, 1989; Mitnick, 1973).
This study makes two key contributions: first, this is one of the first studies that focus on
the relationship between multi-principal collaborators and their suppliers in the
CSR context—most studies to date examine this context from the single-firm position
(e.g. Egels-Zandèn, 2014; Lund-Thomsen, 2008); second, the utilisation of agency theory
enabled us to provide more nuanced insights into effective relationship management
between multi-principal collaborators and their suppliers along the key tenets of the theory,
namely, information monitoring, bargaining power and relationship safeguards, as opposed
to treating relationships as monoliths—i.e. adversarial or collaborative (Prosman et al.,
2016). The study also considers the utility of combining formal and informal control
mechanisms to manage the tensions related to information sharing between collaborating
principals. In this way, a robust and theoretically grounded foundation is offered for
analysing this context, one currently missing from the extant literature. The study also has
important managerial implications: it shows that managers of MNCs who are collaborating
on joint codes-of-conduct to deal with non-compliant suppliers have at their disposal a
variety of mechanisms to reduce the threat of opportunism. It also provides suggestions for
addressing the potential tensions among collaborating competitors, a highly sensitive
problem for MNCs operating in dynamic and turbulent environments.

Theoretical background
In this section, we define the scope of theorising that takes place in this study by introducing
the multi-principal collaboration and suppliers’ compliance in the CSR context and the key
tenets of agency theory.
Multi-principal collaboration and suppliers’ compliance in the CSR context
Multi-principal collaboration is defined as the “joint mobilization of resources and
formulation of actions set up by organizations sharing common perspectives and needs
about environmental and social issues” (Risso, 2012, p. 66). It is a form of horizontal
inter-firm collaboration, which occurs between competing firms, and therefore different
from traditional “vertical collaboration”, which occurs between buyers and their suppliers in
the implementation of CSR initiatives (Peloza and Falkenberg, 2009).
The extant literature suggests that there are several underlying rationales why MNCs
engage in multi-principal collaboration for development and implementation of shared
codes-of-conduct: from the buyers’ (i.e. MNCs’) standpoint, multi-principal collaboration
aims to reduce market and sourcing risks in situations where control over the supply base
by buyers is difficult (Lee and Kim, 2009). This is the case, for example, in supply chains
characterised by arm’s-length relationships, standardised products and price reduction
pressures (Risso, 2012), low levels of supply chain transparency and reduced collaborative
attitudes of suppliers ( Jiang, 2009). Moreover, it aims to increase buyers’ collective leverage
and sharing of monitoring costs, which are considerable, given the complexity of fixing
environmental deficiencies and the sheer number of suppliers (Blome and Paulraj, 2013).
For example, in 2007, Nike began working with like-minded buyers, such as Levi Strauss
and Adidas, on environmental, health and safety audit report sharing, monitoring and
remediation of their common Chinese apparel suppliers (Plambeck et al., 2012). Through
multi-principle collaboration, MNCs expect to derive from suppliers’ better environmental
performance information in a more systematic way than they garnered in the early days of
compliance evaluation, when they developed monitoring programmes individually.
They also expect to alter the perceived incentives structure, thus increasing the suppliers’
participation in the implementation of codes-of-conduct (O’Rourke and Brown, 2003).
From the suppliers’ standpoint on the other hand, a multi-principal collaboration aims to
rationalise the monitoring and auditing activities, homogenise CSR objectives and
standards, and obtain more effective support (in terms of action plans) from the buyers in
fixing social and environmental deficiencies (Egels-Zandèn, 2014). This is evident, for
example, in commentary from Luen Thai’s managers, who continuously complained of
having to spend more time and resources attending to audits and writing corrective action
plans for a multiplicity of different buyers than focussing on correcting issues found in
previous audits and improving their overall social and environmental performance
(Plambeck et al., 2012).
However, in spite of MNCs’ initial enthusiasm, several issues have been permeating the
implementation of shared codes-of-conduct with their suppliers and strongly reduce the
suppliers’ compliance (i.e. the degree of adherence of suppliers’ decisions and operations to
the standards and metrics reported in the MNCs’ codes-of-conduct) (Montabon et al., 2016).
One example of such issues is the risk of opportunism and information appropriation, as
MNCs can utilise the information provided by the suppliers for their own purposes, with the
aim of increasing suppliers’ dependence and compromising the relationship (Fernandez and
Chiambaretto, 2016). Furthermore, suppliers’ degree of commitment to the adoption of
codes-of-conduct is not uniform. In fact, anecdotal evidence suggests it may vary
significantly, as some suppliers welcome collaborative actions and monitoring, while others
feel uncomfortable with them, at least initially. As stated in the work of Plambeck et al.
(2012, p. 48) “The experience of having a group of auditors simultaneously poring over a
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factory’s records can be intimidating for suppliers. As a result, it pays to start off
[multi-principal collaboration] slowly to accustom suppliers to the concept and see its
benefits. This may mean simply sharing findings about a factory in the beginning rather
than immediately conducting joint on-site audits”. Such varying degrees of commitment can
introduce tensions in the relationship between MNCs and non- or less committed suppliers,
which requires a carefully considered approach to relationship management and roll-out of
codes-of-conduct. Finally, it is not uncommon to find suppliers whose primary interest is in
obtaining legitimacy and creating a perception of compliance with codes-of-conduct, rather
than fully implementing the practices prescribed in the actual codes (cf. Egels-Zandèn, 2007,
2014). Reasons for this discrepancy are multiple, amongst those most often cited are:
negative impact of CSR standards on suppliers’ production costs and responsiveness
( Jiang, 2009; Ngai, 2005); multiple CSR requirements from different MNCs which increase
confusion and uncertainty in the buyer–supplier relationships (Locke et al., 2007); ineffective
incentives structure for suppliers to comply with the codes (Armbruster-Sandoval, 2005);
difficulties in communication and information sharing between buyers and suppliers, due to
cultural and physical distance ( Jiang, 2009); and ineffective MNCs’ monitoring systems
( Jiang, 2009; Lund-Thomsen, 2008).
Given the critical need for supply chain actors’ compliance with codes-of-conduct and the
rather mixed success rate that multi-principal collaboration on codes-of-conduct has had to
date, calls for a deeper, more systematic understanding of the surrounding issues.
In response to this we turn to agency theory as a theoretical lens through which we theorise:
how and under what conditions could collaborating buyers effectively manage relationships
with their suppliers in order to decrease the risk of suppliers’ non-compliance with
codes-of-conduct. We begin by first introducing the key tenets of agency theory.
Agency theory
Agency theory concerns the study of problems that arise when one party (the principal)
delegates authority—in terms of decision making and control over specific tasks or
activities—to another party (the agent) (Eisenhardt, 1989; Mitnick, 1973). The theory
focusses on relationships in which principal and agent are engaged in cooperative
behaviour, but have differing goals and attitudes towards risk.
The principal–agent relationship is affected by (agency) problems, i.e. problems of the
principal arising because the agent has different objectives (goal conflict) and private
information about its intentions, abilities and behaviour (information asymmetry).
Two agency problems exist: misrepresentation of ability (adverse selection) and lack of
effort (moral hazard), both of which are attributed to the agent (Saam, 2007). When an
agency problem exists, principals have two basic choices: reduce/eliminate goal conflict; or
reduce/eliminate information asymmetry (Whipple and Roh, 2010). In the first case, the
principal must incentivise the agent in a way that encourages the latter to act consistently
with the former’s interests, thus aligning the goals of both (Eisenhardt, 1989; Jensen and
Meckling, 1976). Incentives could be offered in the form of an outcome-based contract
whereby “the agent is compensated solely on the basis of performance outcomes” (Lassar
and Kerr, 1996, p. 615), or behaviour-based contracts, which “identify the specific
behaviours expected of the agent” (p. 616). In the context of buyer–supplier relationships,
outcome-based contracts would typically involve some type of price premium in order to
“make cheating unprofitable” (Mishra et al., 1998, p. 280), such as cost-plus incentives and/or
risk-sharing mechanisms. Behaviour-based contracts consider—and detail—specific
behaviours required by the buyer and “may impose restrictions on variables such as
inventory levels, range of products stocked […]” (Lassar and Kerr, 1996, p. 616).
In order to reduce/eliminate the information asymmetry, the principal can utilise a behaviourbased contract to try to stimulate the agent’s appropriate behaviour (Eisenhardt, 1989;

Whipple and Roh, 2010). Both behaviour-based and outcome-based contracts are associated
with (agency) costs, strictly commensurate with a number of relationship-specific factors,
such as the complexity of the task, the ability to monitor and the degree of uncertainty
(Arrow, 1985). These costs arise because both parties in the relationship (principal and
agent) are assumed to hold self-serving interests and the contracts used to align those
interests are per se incomplete. As a consequence, the principal requires additional
mechanisms to mitigate the enduring agency problems (adverse selection and moral
hazard). In line with the phenomena of interest and objectives of this research, we focus on
three specific mechanisms able to reduce information asymmetry and goal conflict, both
responsible for the two agency problems in the principal–agent relationship. We explain the
effects of these mechanisms next:
(1) Information monitoring systems: these serve to control the agent and are seen as a
typical solution to information asymmetry ( Jensen and Meckling, 1976). When the
principal systematically collects information on the agent’s activities, the agent is
more likely to behave in the interests of the principal as the principal has information
to verify the agent’s behaviour (Eisenhardt, 1989). Efficient information monitoring
makes it more difficult (and less convenient) for the agent to evade control and
misrepresent its abilities. In contrast, it significantly motivates the agent to take
appropriate actions and behaviour, thus reducing both adverse selection and moral
hazard problems. However, the development of an effective information monitoring
system generates costs to the principal and is subject to some degree of uncertainty as
perfect monitoring is unrealistic. As pure information monitoring systems are often
inefficient, they may be complemented by safeguards such as rewards and sanctions.
(2) Asymmetry of bargaining power: if principal and agent interact, both exert
bargaining power on each other. The principal exerts power if he/she changes the
belief, attitude or behaviour of the agent (e.g. by implementing a monitoring system);
the agent exerts power if he/she changes the belief, attitude or behaviour of the
principal (e.g. by giving or hiding some information from the principal). Agency
theory makes implicit assumptions on the power relationship between principal and
agent, and assumes an asymmetry in bargaining power in favour of the principal.
In fact, by offering the agent different contracts (which vary the risk and returns of
the agent) or by designing incentives to discourage opportunism, the principal
manipulates the agent’s social environment. By virtue of having greater bargaining
power, the principal is able to design specific behaviour settings in which the agent
may not only give information which was hidden before, but may also change the
agents’ behaviour to align it with the principal’s goals (Saam, 2007). Such an
imbalance of power in favour of the principal is essential to reduce the goal conflict
issue, thus mitigating the moral hazard problem.
(3) Safeguards or protective mechanisms: safeguards are the “means to ensure that an
agent fulfils the obligations according to the agreement” (Koch, 1995, p. 8). The
common rationale for safeguards is that “the agent functions as a utility maximizer
and the safeguards therefore all contain some aspect of formal, standardised and
foreseeable economic incentive, either positive or negative” (Eriksen and Jessen,
2009, p. 32). The safeguards are a means to reduce goal conflict by making it
economically prudent (or convenient) not to behave opportunistically and by making
the principal able to impose serious economic consequences on the agent (Buvik and
Reve, 2002). Typical examples of safeguards are: rewards and sanctions, reputation
effect and third-party intervention (Bergen et al., 1992).
In the next section, we apply agency theory in the multi-principal–supplier context.
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Agency theory in the multi-principal–supplier context
In this section, agency theory is applied in the context of the multi-principal–supplier
relationship. We do this by discussing key assumptions of agency theory in this context,
which is then followed by the synthesis of our theorising in the set of propositions,
addressing the following key aspects of the multi-principal–supplier relationship:
information monitoring, bargaining power and relationship safeguards.
Key assumptions of agency theory in the multi-principal–supplier context
Agency theory has been widely applied in supply chain management, exploring phenomena
such as information sharing, incentive alignment and risk management (Bergen et al., 1992;
Fayezi et al., 2012). In the context of CSR and codes-of-conduct, it has been applied to
manage supplier quality fade issues (Whipple and Roh, 2010) or to safeguard CSR decisions
(Pedersen and Andersen, 2006). The theory is useful to analyse many other business
settings where cooperating parties are experiencing agency problems that have arisen from
goal conflict and information asymmetry (Eisenhardt, 1989). This is the case when MNCs
implement a code-of-conduct in buyer–supplier relationships and expect compliance.
When applying agency theory in such context, the initiator (i.e. the buyer) is considered to
be the principal and the supplier the agent. In the context of our study, the role of a principal
is assigned to a collaborative MNC, and the role of an agent to a supplier. Violations against
the pre-agreed code-of-conduct can be seen as supplier’s opportunistic behaviour.
The agency problems in this context originate from the imbalanced distribution of costs and
benefits: while the positive return associated with a CSR strategy will benefit the buyer more
than the suppliers, the costs associated with complying with the initiative are equally distributed
among all the actors (Barrientos, 2002). Such an imbalance, if not dealt with by the buyer, is a
strong cause of opportunistic behaviour (Eriksen and Jessen, 2009). Furthermore, suppliers
entering into contractual relationships with many large buyers may be confronted with multiple
CSR strategies that incorporate different standards and requirements with which they need to
comply (Andersen and Skjøtt-Larsen, 2009). This entails additional costs for suppliers and thus
an additional threat of opportunism. In such situations, the information asymmetry between
buyer and supplier places the buyers at risk and provides the suppliers with the ability to evade
some aspects of the relationship (by misrepresenting their ability or limiting their efforts).
In order to mitigate the principal’s vulnerability and considering the low-outcome
uncertainty of the situation (since the outcome is mostly a function of the supplier’s performance
rather than external factors outside the supplier’s control), a hybrid contract with both
behavioural and outcome elements is appropriate (Whipple and Roh, 2010). The code-of-conduct
fulfils this function as it contains both behaviour-based and performance-based targets
(Erwin, 2011). The buyer develops a code-of-conduct to reduce the suppliers’ ability to shirk and
thus mitigate the asymmetry of information between them. However, an additional element of
agency theory needs to be addressed: goal conflict or motivation to cheat. In a situation of high
goal conflict, as the one being considered here, buyers should contemplate taking additional
action beyond the code’s provisions (Whipple and Roh, 2010).
In the next section, we examine multi-principal–supplier relationships through the lens of
key tenets of agency theory. The analysis begins by focussing on shared information
monitoring systems as a mechanism for the reduction of information asymmetry, then
moves on to the role of bargaining power in relation to principal–agent goal conflict,
followed by the role of relationship safeguards, and concludes with information-sharing
tensions between the collaborating principals.
Multi-principal–supplier relationship and information monitoring
In buyer–supplier relationships, the actors have access to different, often insufficient,
information about their partners’ behaviour. This asymmetric information between

interacting parties affects the degree of risk in the relationship and represents a central issue
to consider. In an ideal situation, perfect information would reduce the threat of
opportunism as it would make it easier to detect actors’ opportunistic behaviour (Petersen,
1993). The principal would therefore employ a behaviour-based contract and compensate
the agent accordingly (Eisenhardt, 1989).
While information does not in itself possess the characteristics of a safeguard, it does act
as a means necessary to enable the safeguards to function. As such, an information
acquisition system is a vital part for the effectiveness of codes-of-conduct implementation
and for the suppliers’ monitoring process. As shown by Eriksen and Jessen (2009), obtaining
wanted information concerning suppliers’ behaviour in distant geographic areas is costly
and time-consuming. This is particularly true if the intervention of a specialised
partner with a deeper knowledge of the context and with distinctive competences is needed.
For the information acquisition process to be effective it has to be employed on a large scale,
which implies considerable resource expenditure that a single organisation might not have.
A multi-principal collaboration addresses these problems as it reduces complexity,
information search risks and overall costs of obtaining information from suppliers.
The collaborating buyers often put together tangible and intangible resources to develop
collective information gathering processes, presenting themselves as a unique voice to
suppliers. For example, in the apparel industry Adidas, Nike and Levi Strauss use the Fair
Factories Clearinghouse’s (FFC) compliance database to store and share suppliers’
compliance performance information. The FFC enables members to share factory audit
reports and corrective action plans, thus increasing the quality and efficiency of both
buyers’ and suppliers’ efforts. In 2011, Adidas reported that through the FFC, it managed to
significantly improve collaboration with other corporations by harmonising or creating
common information gathering practices in shared factories located in Brazil, Egypt,
Honduras, Indonesia, Israel, Mexico and Turkey (Porteous et al., 2012).
Moreover, companies use multi-principle collaboration as a means of increasing the
quality of collected information on suppliers’ compliance with codes-of-conduct, which
ultimately results in increased transparency and decreased information asymmetry between
principals and agents. This is showcased in the Sustainable Apparel Coalition, where
members including Adidas, Coca-Cola, Gap, H&M, Levi’s, Nike, Puma, in July 2012 launched
“The Higg Index”—a self-assessment tool to help firms evaluate suppliers’ products,
facilities, processes and materials used, based on a range of environmental and social
parameters. In addition to being for internal analysis purposes, the index is also used as a
benchmark for existing CSR schemes, thus providing firms with a basis for comparison and
improvement (Sustainable Apparel Coalition, 2017).
Both the reduced costs of information gathering and the increased quality of collected
information about suppliers’ behaviours contribute to the ease of detection of potential suppliers’
opportunistic behaviour and therefore enable buyers to employ corrective mechanisms and
rewards to compensate suppliers accordingly. Moreover, the collaborative nature of work
between the principals fosters more effective and efficient information dissemination about
suppliers’ behaviour. The information sharing concerning suppliers’ performance among
collaborating principals enhances the quantity of information available, which contributes to the
reduction of information asymmetry and discourages suppliers from non-compliant behaviour.
Given the preceding theorising, the following proposition is presented:
P1. Supplier’s compliance with codes-of-conduct will increase when multi-principal
collaboration results in the decrease of information asymmetry between the
principals and the supplier.
Buyers can gather information on suppliers’ compliance with CSR policies by themselves
(using internal auditors) or by using a third party. Third parties are usually specialist
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companies or institutions, possessing unique competences related to a specific geographical
or institutional context, which buyers do not necessarily possess. MNCs’ decision to include
third parties in CSR initiatives is primarily driven by two factors: first, MNCs may be unable
to account for all contingencies (e.g. labour legislation specifics, particular environmental
compliance) to formulate the compliance rules in such a way that involved parties
(buyers and suppliers) would interpret them in the same way. If the ambiguity and risk of
misinterpretation pertains, buyers run the risk of not being able to recognise (and prove)
that suppliers have not complied with the agreement (Milgrom and Roberts, 1992). In such a
situation, the role of a third party serves as a protective mechanism in reducing the code’s
ambiguity and preventing violations of the code-of-conduct through a correct interpretation
of the policies and standards. Second, buyers may use third parties for the monitoring of
supplier’s compliance and ensuring transparency and objectivity in information acquisition
and elaboration, not only with regard to the suppliers but also for the collaborating MNCs.
The presence of a third party provides indirect assurance that none of them tries to
dissimulate, appropriate or take exclusive advantage of valuable information (Pedersen and
Andersen, 2006).
Inclusion of third parties in the formulation of compliance rules and suppliers’
monitoring is not without risks. O’Rourke (2002), for example, showed that third parties’
failure to accurately assess suppliers’ compliance with codes-of-conduct decreases buyers’
ability to make fully informed strategic decisions and subjects these firms to the risk of
negative reputational consequences (Short et al., 2015). In fact, failure of the third party to
provide the collaborating buyers with accurate and relevant information about suppliers’
compliance with codes-of-conduct increases information asymmetry between the buyer and
supplier, and consequently increases the risk of supplier’s non-compliance.
In order to increase the accuracy of third party monitoring (and thus obtain the benefits
from their inclusion), collaborating buyers have two key options (Whipple and Roh, 2010):
adoption of behavioural-based contracts, or adoption of monitoring protocols. A behaviourbased contract is suitable in situations with high levels of outcome uncertainty, which in the
CSR context stems from changes in government policies, economic climate, competitor
actions and other uncontrollable factors which can negatively affect the third party’s
monitoring ability. Furthermore, auditing activities are, by nature, characterised by a degree
of uncertainty because they require a certain degree of collaboration from the audited
suppliers, which are not always open to information sharing or available to take part in the
process. Monitoring protocols on the other hand aim to assure the programmability of the
third-party activities (O’Rourke, 2002). Programmability is defined as the degree to which
appropriate behaviour by the partner can be specified in advance (Eisenhardt, 1989).
Agency theory suggests that the behaviour of a partner engaged in more programmed jobs
is easier to observe and evaluate (Eisenhardt, 1989). Thus, the more programmed the task of
a third party, the easier it is to evaluate its behaviour in the monitoring activity.
For example, the Validated Audit Process, established in 2009 by the Electronic Industry
Citizenship Coalition, includes standard specifications for the third parties involved in the
monitoring such as, detailed instructions for auditee preparation, auditee corrective action
plan management and code interpretation, with the aim of making the monitoring process
transparent and homogeneous (EICC, 2016).
In the situation considered here, the most efficient decision is to combine the two options
above. In fact, if the contracts with the monitoring third party are not designed carefully,
opportunistic behaviour may occur in the unmeasured areas, so that the spirit of the
contract may be lost. However, even if the third parties possess the “right” skills to perform
an accurate monitoring, they may still fail to use them if information asymmetry allows
such actions and if there are cost savings involved (Mishra et al., 1998). The combination of
behaviour-based contract and monitoring protocols ensures that the actions of the third

party can be specified in advance and behaviour parameters defined up front, easing the
task of measuring that behaviour. As Eisenhardt (1989, p. 58) proposed: “When the Principal
has information to verify Agent behaviour, the Agent is more likely to behave in the interest
of the Principal”. Besides, the combination of the two options reduces the uncertainty in the
relationship between collaborating buyers and the third party, thus assuring the third
party’s success in accurately assessing suppliers’ compliance with codes-of-conduct.
The third party’s ability to provide the collaborating buyers with accurate and relevant
information about suppliers’ behaviour reduces information asymmetry in buyer–supplier
relationships, and consequently decreases the risk of suppliers’ non-compliance.
Considering the above, the following proposition is presented:
P2. Supplier’s compliance with a code-of-conduct will increase when the relationship
between multi-principal collaborators and the monitoring third party is governed by
a behaviour-based contract combined with a monitoring protocol assuring task
programmability.
Multi-principal–supplier relationship and bargaining power
Bargaining power in a buyer–supplier relationship is a combination of market power and
resource power (Buvik and Reve, 2002). Market power is an actor’s ability to influence
another actor due to his/her economic importance or the degree of market concentration,
where the resource power is determined by the importance that the relationship has for the
parties involved.
Traditionally, agency theory dedicates little attention to the consideration of asymmetries
of power between parties. The rationale for this is rooted in the notion that by designing the
right contract, considerations of power asymmetry between principal and agent should
become redundant (Perrow, 1986). The assumption of a risk-averse agent (Eisenhardt, 1989)
locks the role of bargaining power into a static explanation in which the principal—due to its
more neutral attitude towards risk—is less dependent on the agent, while the agent—due to
its risk aversion—is more dependent on the principal (Tomkins, 2001).
However, in a buyer–supplier relationship this issue may be different. First, unlike the
traditional agency theory assumption, suppliers are not necessarily risk averse. Suppliers
can diversify their risks by developing relationships with a range of different buyers within
the same industry. In doing so, the suppliers—not highly dependent on a single
buyer—have less incentive to follow CSR standards because the risk of non-compliance is
diversified away. Second, it will be difficult to transfer risk from buyer to supplier in a way
that will leave the buyer exempt from risk, as assumed in traditional agency theory, e.g. any
CSR violation by the supplier will affect the buyer at least as much as it can affect
the supplier (Eriksen and Jessen, 2009). This is due to the assumption that the exposure
to non-compliance causes most damage to the brand of the company closer to the
end-consumer, rather than to the supplier further upstream in the supply chain (Barrientos,
2002). Thus, we argue that an important driver for suppliers’ non-compliance with a
code-of-conduct is the asymmetry in bargaining power between the principal/initiator and
the agent/supplier, skewed towards the supplier.
As the initiator of a code-of-conduct is not a single corporation but a number of large
buyers (competitors in the same industry), the possibility of diversifying the risk of
non-compliance by the suppliers decreases. Equally, the negative response to CSR
requirements by each supplier may result both in collective and more coordinated corrective
actions promoted by a multiplicity of buyers. Furthermore, non-compliant behaviour
damages many business relationships between supplier and collaborating buyers. By
developing common standards and CSR practices, MNCs act as a “homogeneous”
organisational entity with regard to social and environmental issues. This results in MNCs’
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increase of market power and their collective importance for suppliers, which, in turn,
enables them to exert a stronger influence over suppliers’ incentives to follow CSR
requirements and comply with the shared codes-of-conduct.
However, in order to maximise the effect of increased buyers’ bargaining power over the
suppliers’ incentive structure, MNCs should be able to exert their “collective” control over a
common supply base. When the set of suppliers—for which a shared code-of-conduct has
been developed—is common to all the buyers involved, the possibility for the suppliers to
elude the (collective) monitoring is low and the incentives to comply with the shared CSR
standard significantly increase. This situation restores the “original” agency theory
assumption of the risk-averse agent, as it decreases the possibility for suppliers to diversify
away the risk of non-compliance (Eisenhardt, 1989). For example, such collective behaviour
can be seen among the members of the “Joint Audit Cooperation” ( JAC), a collaboration
among competitors established in 2010 in the telecommunication industry (Appolloni et al.,
2013). JAC’s key purpose has been to dedicate joint efforts (code-of-conduct development,
suppliers’ monitoring and auditing) to a common set of Asian suppliers, over which,
individually, they had scant influence. This behaviour was described by one of the members
in the following way “Each member has the responsibility to operate on behalf of the other
members and lead to an end-to-end supplier assessment. Suppliers are identified by all the
JAC members, and then equally assigned in groups to each member who bears the cost and
management of their assigned suppliers with any subsequent results shared amongst the
member companies” (Appolloni et al., 2013, p. 24).
Considering the above theorising about the multi-principals’ collective bargaining power
over suppliers, the following proposition is presented:
P3. The greater the buyers’ collective bargaining power over their suppliers, and the larger
the portion of shared supply base, the lower the risk of suppliers’ non-compliance with
codes-of-conduct.
Multi-principal collaboration and safeguards
The extant literature argues that relationship safeguards can lead to compliance because
they influence the incentives of the suppliers, so that it is in their best economic interests to
comply (Eriksen and Jessen, 2009). Here, we consider two different safeguards for codes-ofconduct: reward and sanction; and reputation effects.
In the context of compliance with codes-of-conduct, rewards and sanctions impact on the
cost/benefit imbalance between MNCs (code initiators) and suppliers. Rewards can be
utilised in two different ways: as a premium price on products bought by compliant
suppliers; and, as a help to the supplier, who is dealing with increased costs related to
compliance; however, for such investments to make sense for MNCs, there has to be a causal
(direct) link between reward and suppliers’ compliant behaviour (Pedersen and Andersen,
2006). As the function of sanctions is to penalise suppliers’ non-compliance, in the
most extreme cases of non-compliance, the buyer can terminate suppliers’ contracts
(Prosman et al., 2016).
Considering the above, one could argue that multi-principal collaboration has the
potential to enforce both the rewarding and sanctioning safeguards. On the one side,
collaborating buyers have more resources and possibilities to recompense compliant
suppliers, and can also develop common procedures to accomplish this goal. Furthermore,
buyers might jointly develop more efficient practices to help suppliers with the increased
costs related to CSR implementation, e.g. the supporting tools developed by the JAC
members in the telecommunication industry (solution database, reports and best practices).
On the other side, their collective efforts might also result in a more effective and efficient
sanctioning system for the suppliers. The collaborating buyers can develop common

procedures to sanction non-compliant behaviours and a more structured and coordinated
approach to make the sanctioning system more effective (Eriksen and Jessen, 2009).
Rewards and sanctions, as safeguards, are only effective if they are a credible action/
threat (Aguinis and Glavas, 2012), e.g. the threat of exiting a relationship with a supplier has
little effect if the buyer is highly dependent on the supplier’s products. In contrast, the
suppliers have a strong incentive to honour the terms of a code-of-conduct, if their future
depends on continuous cooperation with the buyers (supplier dependence). To increase their
credibility, the relationship safeguards need to be jointly developed and implemented by
collaborating principals (Cuevas-Rodríguez et al., 2012). The principals’ joint safeguarding
has the double effect of reducing single-buyer dependence while increasing suppliers’
dependence on collaborating buyers. Through an increase in the bargaining power of
buyers and the supplier dependence on all of them, a multi-principal collaboration makes
jointly developed reward and sanction safeguards more credible signals to suppliers.
Because their behaviour would be analysed by a multiplicity of buyers—all acting together
with a relevant economic importance—the suppliers have a strong incentive to honour the
shared standards and all other CSR practices.
Following the preceding theorising about the use of rewards and sanctions, the following
proposition is presented:
P4. Supplier’s compliance with codes-of-conduct will increase when multi-principal
collaboration results in enforced relationship safeguards based on both rewards
and sanctions.
Reputation effect is seen as a resource that influences future income (Koch, 1995), and is one of
the main reasons why companies are adopting CSR initiatives in the first place (Pedersen and
Andersen, 2006). Reputation effect acts in two ways: the buyers’ reputation of socially
responsible and reliable partners positively influences the motivation of suppliers to become part
of the relationship, and thus comply with buyers’ CSR practices; and suppliers’ reputation can be
seen by buyers as a resource, which influences future economic transactions (Bensaou and
Anderson, 1999). For example, if the supplier acts opportunistically, the buyer may not engage
with it in future business; in fact, it may circulate information about the suppliers’ opportunism
within its supply network, and in doing so, extends the effect of a negative reputation to a
multiplicity of relevant actors. The supplier’s choice of action therefore depends on its evaluation
of the costs and benefits of being a reliable partner. The multi-principal collaboration affects the
reputation mechanism in multiple ways (Hill and Rapp, 2014). On the one hand, the MNCs’ joint
efforts in developing shared standards and policies show their concrete commitment to CSR
initiatives and increase the reputation of the involved firms as socially responsible partners both
towards customers and suppliers. Multi-principal collaboration also reduces the costs associated
with establishing and maintaining a reputation as an honest and trustworthy partner for all the
buyers involved, thus increasing the motivational role and utility of this safeguard for suppliers’
compliance (Ciliberti et al., 2009). On the other hand, a multi-principal collaboration increases the
value of suppliers’ reputation in the business environment, i.e. the safeguarding role of
reputation is increased because suppliers’ behaviour can influence future cooperation with a
multiplicity of collaborating buyers. Thus, the following proposition is presented:
P5. The reputational effect of multi-principal collaboration will positively incentivise
suppliers to comply with codes-of-conduct.
Multi-principal collaboration: reflection on tensions related to information sharing
among competitors
Multi-principal collaboration falls into the category of “coopetition”, where competing firms
in the same industry work jointly towards the same goal—for this paper, ensuring
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suppliers’ compliance with shared codes-of-conduct. While coopetition combines the
benefits of cooperative and competitive behaviours, and is seen by some as producing
greater benefits than pure collaborative agreements (e.g. Le Roy and Fernandez, 2015),
it also introduces tensions related to the sharing and protecting of information between
coopeting companies (Fernandez and Chiambaretto, 2016). Buyers can use shared
information and knowledge to analyse the environmental and social deficiencies of
suppliers; they can learn from one another and define corrective actions for non-compliant
suppliers (Arya and Salk, 2006). However, they remain competitors and the information
shared between them could be potentially misused for the purposes of obtaining individual
companies’ benefits and advantages (Nelson and Winter, 1982). The dilemma between a
company’s need to share information in order to ensure the success of the collaborative
initiative and its need to limit information sharing to protect its sources of competitive
advantage generates tensions among competitors and discourages potential companies
from taking part in such projects (Arya and Salk, 2006).
To manage this tension, most firms rely on control mechanisms: “a set of formal and
informal rules that is designed to control the behaviour of the partners and of the alliance
per se” (Fernandez and Chiambaretto, 2016, p. 68). Control mechanisms are implemented to
facilitate interactions between competitors while increasing the incentives for the partner to
eliminate (or at least reduce) opportunistic behaviours. Control mechanisms assume several
forms: formal ones comprise contracts that define rules and penalties related to the
information shared between competitors; they also refer to (formal) procedures or structures
to support the strategic development of the collaboration (Lee and Cavusgil, 2006).
A common example of formal control developed in CSR collaboration is the confidentiality
agreement, which contains indications for information sharing among buyers.
In addition, informal control mechanisms can be used to make decisions on a daily basis
and to complement formal mechanisms (Hurmelinna-Laukkanen and Olander, 2014), e.g. to
help categorise information and determine if a particular type of information should be shared
or externally communicated. The most frequently mentioned informal control mechanism is
trust (Das and Teng, 2004). As the principals have a common interest to pursue, they are more
likely to perform honest and selfless actions. The voluntary component of this decision and
the presence of a “natural” goal congruence among the principals leave room for the trust
mechanism to be considered and to effectively function. In such a situation, creating a climate
of trust increases the portion of a partner’s utility associated with feelings of achievement or
self-esteem resulting from performing well, and decreases the disutility associated with the
effort required (Cuevas-Rodríguez et al., 2012). These conditions are likely to result in fewer
conflicts of interest between collaborating principals. Besides, the alignment of the principals
will also improve the relationship with the suppliers as the trust-based social contract
developed by the collaborating buyers gives the supplier a consistent message which is easily
translated into strong incentives to comply (Tate et al., 2010).
Given the preceding theorising, the following proposition is presented:
P6. Supplier’s compliance with a code-of-conduct will increase when the information
sharing among the multi-principal collaborators is governed by a combination of
formal and informal control mechanisms.
The preceding theorising and developed propositions are summarised in the conceptual
model, depicted in Figure 1.
Discussion and conclusions
In this study, we turn to agency theory to theorise about ways in which multi-principal
collaborators could manage relationships with their suppliers in order to decrease the risk of
suppliers’ non-compliance with shared codes-of-conduct.
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Most of the extant literature on suppliers’ compliance with CSR standards focusses on
single-firm initiatives and addresses the problem of CSR standards’ compliance by
analysing dyadic buyer–supplier relationships from the perspective of a single firm
(e.g. Egels-Zandèn, 2014; Lund-Thomsen, 2008). Herein lies our first contribution as we focus
on the relationship between the multiple collaborating MNCs and their suppliers. By shifting
the focus from a single firm level of analysis to the relationship level, we offer a
codes-of-conduct novel perspective that shows how collaborating MNCs—which share the
same environmental and social objectives and have similar characteristics and attitudes
towards risk—could more effectively manage relationships with their suppliers. This aspect
has been widely ignored in the literature examining CSR initiatives, where the focus has
been both on the relational dynamics among stakeholders (MNCs but also NGOs,
international organisations and government) and on the impacts of such dynamics on
suppliers’ collaboration (Mele and Schepers, 2013; Roloff, 2007).
By drawing on key tenets of agency theory—i.e. information monitoring, bargaining
power and safeguarding mechanisms, we provide a more granular, yet theoretically
grounded foundation for analysing the multi-principal–supplier relationship, with the aim of
decreasing suppliers’ non-compliance with shared codes-of-conduct. This is currently absent
from the extant literature (e.g. Barrientos and Smith, 2007; Egels-Zandèn, 2014; Lee, 2008;
Locke et al., 2009) and it is here where we position our second contribution.
We show in our analysis that joint actions of collaborating MNCs lead to a reduction of
information asymmetry in the relationship with their suppliers through more efficient
information monitoring systems. This extends the current body of literature on information
gathering in the CSR context, which is mainly focussed on the trade-offs between internal
and external auditing (Hill and Rapp, 2014), and argues in support of a third-party inclusion
in the process. While we do not oppose an established practice of including third parties in
supplier monitoring activities, we suggest that where task programmability of a third
party’s monitoring activities is high, the risk of unwanted information asymmetries between
multi-principal collaborators and their suppliers will be lower due to the lesser chance of the
third party’s failure to effectively monitor principals’ supplier base.

Figure 1.
Conceptual model of
multi-principal
collaboration and
supplier compliance
with codes-of-conduct
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Second, we showed that multi-principal collaboration results in the increase of MNCs’
bargaining power over their suppliers, particularly in situations where the proportion of
shared supplier base is high. An increase of MNCs’ bargaining power acts as an effective
mechanism for reducing goal incongruence between principal and agent, and thus lowers
the risk of suppliers’ non-compliance. This extends the current body of knowledge, given
that extant studies largely ignore the role of bargaining power, through analysing
relationships between MNCs and suppliers (e.g. Locke et al., 2009; Saam, 2007). The study
also extends the emerging body of knowledge of social interaction between actors in the
context of CSR (Aguilera et al., 2007; Lee, 2008), by highlighting the ability of multi-principal
collaboration to enforce rewards and sanction-based safeguards in order to reduce
goal conflicts between collaborating buyers and suppliers. Furthermore, we show that it is not
only the vertical relationship (i.e. relationship between the multi-principal collaborators and
suppliers) that has to be effectively managed, but also the horizontal—i.e. the relationship
between collaborating principals. We point specifically towards the tensions related to
information sharing between collaborating principals and the need for the use of formal and
informal control mechanisms to cater for potentially conflicting interests between
collaborating competitors. The focus on the horizontal relationship among the collaborating
buyers allows reflection on the importance of the alignment among MNCs. Such alignment
will also impact on the relationship with suppliers as it makes the message from the buyers
more credible and consistent, becoming a strong incentive for suppliers to comply.
This study has also important managerial implications. It shows that managers of MNCs
who are collaborating on joint code-of-conduct development and find themselves in
situations where they have to deal with non-compliant suppliers should not despair.
Managers have to proactively manage relationships with their suppliers, rather than
adopting a hands-off approach (as the case of Staples in Grant and Ando, 2008). In doing so,
they have at their disposal a variety of mechanisms that, if effectively used, may result in a
decrease in suppliers’ non-compliance. Specifically, we suggest focussing attention on
improving the information monitoring system and designing appropriate relationships with
a specialised third party, as these actions will be reflected in reduced information
asymmetry with suppliers. Moreover, managers should focus on increasing buyers’
bargaining power and jointly develop safeguards, as these will increase goal congruence
between MNCs and their suppliers. Finally, the study provides suggestions for addressing
the potential tensions among collaborating competitors, a highly sensitive problem for
MNCs operating in dynamic and turbulent environments (Fernandez and Chiambaretto,
2016). This is particularly important, considering the risks related to leakage of sensitive
information, and the consequent negative repercussions on companies’ reputation and
competitiveness, which is considered one of the main limitations for such collaborative
initiatives in a CSR context (Arya and Salk, 2006).
As this work is conceptual in its nature, we propose several avenues for further research.
First, this work requires empirical testing. The adoption of a deductive (theory-testing)
qualitative case-based approach is proposed, which can be executed through a competing
theory or longitudinal data approach (see Barratt et al., 2011 for more methodological details
and Ketokivi and Choi, 2014 for case study research for testing). This would enable
researchers to refine our propositions and the theoretical boundaries of our work.
A qualitative approach is suggested in order to capture the complexity of the phenomenon
(i.e. relationships’ management in CSR contexts) with the intent to build and extend theories,
to explore the interaction of multiple variables and better understand emerging issues in
their real-world settings (Barratt et al., 2011). Second, we suggest expanding the
understanding of multi-principal collaboration in CSR contexts by integrating agency
theory with behavioural perspectives (Cuevas-Rodríguez et al., 2012). Trust-based and
commitment-based mechanisms of control over agents’ behaviour can be combined with

extrinsic incentives prescribed by traditional agency theory. Finally, while this research
proposes a number of incentives to increase suppliers’ compliance with CSR targets in a
multi-principal collaboration environment, it does not investigate the role of public
regulations as a complementary mechanism to MNCs’ private initiatives (e.g. Amengual,
2010), which is another important area for future research.
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Abstract
Purpose – So far, most of the literature on logistics social responsibility (LSR) has prioritized the
examination, classification of and adaption toward positive LSR practices instead of investigating necessary
logistics service providers’ capabilities to implement LSR strategies. Therefore, the purpose of this paper is to
contribute to theory by an assessment of LSR and its linkages to dynamic capabilities theory to gain insights
into how logistics service providers can foster an enhanced application of LSR practices.
Design/methodology/approach – The paper is conceptual and grounded on dynamic capabilities theory.
Relevant literature from logistics management, supply chain management and sustainable supply chain
management (SSCM) as well as dynamic capabilities was examined to build upon existing theory by
conceptualizing LSR from a dynamic capabilities perspective. In addition, propositions for future research are
presented based on the conceptual model.
Findings – With regards to the controversial discussion in the literature about the direct link between
dynamic capabilities and competitive advantage as well as the necessary degree of heterogeneity of dynamic
capabilities, the conceptualization of LSR from a dynamic capabilities perspective adds new elements to this
discussion. Considering long-term or even sustainable competitive advantage, the current degree of
homogeneity across logistics services might hinder a sustainable advantage in the long run and demands for
more advanced logistical capabilities. In this line, it is important to understand and utilize the causal
relationships between different logistical resources and capabilities to achieve a unique long-term advantage
allowing logistics service providers to further enhance LSR practices.
Practical implications – Due to the current role of logistics service providers, they should not just foster
their resources focusing on the relationship to the focal firm, but they should also develop and implement new
logistical capabilities derived from SSCM-related dynamic capabilities to design alternative service portfolio
extensions and new business models.
Originality/value – Although dynamic capabilities have been studied intensively in the last two decades,
the causal relationships between different logistical resources and necessary dynamic capabilities to achieve
advantages by enhancing LSR practices still lack conceptualization. To build on the understanding of LSR,
the paper at hand presents a conceptual framework explaining LSR and SSCM practices through the lens of
dynamic capabilities theory.
Keywords Sustainability, North America, Europe, Management research, Supply chain competences,
Logistics services, Conceptual research
Paper type Conceptual paper

1. Introduction
In line with the ongoing sustainability debate, logistics service providers – as any other actor
in the supply chain – have to respond to the increasing demands for sustainability of their
stakeholders (particularly of end customers and the government) (Bowersox, 1998; Carter and
Jennings, 2002; Gold et al., 2010). In this context, a sustainable logistics management can be
interpreted as the realization of their logistics social responsibility (LSR) (Carter and Jennings,
2002). Accordingly, the processes of logistics service providers such as sourcing and
procurement, transportation management, warehousing and inventory management are
linked with sustainability requirements, namely, requirements of environmental concerns,
ethics, diversity, working conditions and human rights, safety, philanthropy and community
involvement (Carter and Jennings, 2002). In the past, the performance of logistics service
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providers has been defined purely in quantitative terms (e.g. Halldórsson and Skjøtt-Larsen,
2004). As concerns for environmental and social issues within the society and at consumer
side rise, logistics service providers’ capabilities to facilitate sustainable practices and
business models are coming to the fore. Consequently, the role of logistics service providers
can be interpreted as a key determinant for sustainability in supply chains. To date, the
literature on LSR is still rather small and, at the same time, the deﬁnition as well as the content
of LSR have not yet reached uniformity (Miao et al., 2012; Mejías et al., 2016). Despite the
importance of incorporating corporate social responsibility (CSR) practices in the logistics
industry, most of the existing studies address single LSR functions such as sustainable
purchasing, sustainable transportation, sustainable warehousing, sustainable packaging and
sustainable reverse logistics rather than providing cross-functional investigations
(Ciliberti et al., 2008). Hence, most authors have prioritized the examination, classification of
and adaption toward positive LSR practices instead of investigating missing logistics service
providers’ abilities to implement further LSR strategies. Recently, Heidbrink et al. (2015) stated
that the dependence on other supply chain members as well as fierce competition are
major challenges for logistics service providers to implement further LSR practices which
partially lead to an unsatisfactory service performance (Wong and Karia, 2010). Accordingly,
logistics service providers do not yet sufficiently meet their stakeholders’ demands
for sustainability.
Furthermore, research on CSR practices within the supply chain carried out from the focal
firm perspective dominates the literature (Spence and Bourlakis, 2009). Here, the focal firm refers
to the company governing over the supply chain, providing direct contact to end customers and
having bargaining power over other actors in the supply chain, e.g. original equipment
manufacturers in the automotive industry (Harrison and van Hoek, 2008). Just in recent years,
the research interest in (S)SCM has gradually shifted from focusing on focal firms to tier
1 suppliers and sub-suppliers at multi-tier supply chain levels (Tachizawa and Wong, 2014).
However, very few contributions focus on logistics service providers, although they have the
potential to directly coordinate sustainable actions in multi-tier supply chains. In contrast, focal
companies and tier 1 suppliers rather have to govern the supply chain indirectly or work with a
third party in order to enforce sustainable practices (Tachizawa and Wong, 2014).
This demands a connection to be built to another field in management research, namely,
the dynamic capabilities approach (originally proposed by Teece et al., 1997). Regarding the
literature on dynamic capabilities, several routines have been identified through which
managers can pool their knowledge and skills to generate new knowledge, solutions or
resource configurations (Eisenhardt and Martin, 2000). Using these routines in a strategic
manner, managers of logistics service providers are able to purposefully change their
business environment (Helfat et al., 2007) by forming new partnerships or by changing the
relationships between partners in the supply chain. Recent findings on existing obstacles
preventing logistics service providers from an enhanced application of LSR practices
(cf. Heidbrink et al., 2015; Abbasi and Nilsson, 2016) indicate that logistics service providers
would benefit from developing new business practices to enable less competitive and
performance-oriented business environments. Accordingly, the study intends to contribute
by conceptualizing LSR from a dynamic capabilities perspective to enhance the
understanding of the logistics service providers’ capacities to shape supply chain
configurations and, therefore, to promote sustainable logistics practices in supply chains.
The following research question guided our conceptual study:
RQ1. How can dynamic capabilities theory add to the understanding of LSR practices in
sustainable supply chains?
To answer the proposed question, the paper at hand is structured as follows: In Section 2,
the relevant literature on LSR is summarized, while the necessary theoretical

underpinnings of dynamic capabilities theory are presented in Sections 3 and 4. Section 5
integrates the results into a theoretical framework that describes necessary logistics
service providers’ capabilities to enable enhanced LSR practices, while Section 6 develops
propositions for future research. The final section discusses the framework and concludes
the paper accordingly.

Logistics social
responsibility

2. Positioning of LSR in the literature
Generally, the literature on sustainable logistics practices encompasses all processes of
transportation, warehousing and inventory management including the management of Third
Party Logistics (3PL) (Ciliberti et al., 2008). This list already shows that sustainable activities
are mainly triggered by the focal firm while logistics service providers rather play a passive
role in adapting to green and/or socially responsible processes. In the green logistics literature,
a subset of sustainable logistics management (Murphy and Poist, 2002; Miao et al., 2012),
logistics service providers should mainly focus on the optimization of their sub-processes from
an environmental perspective (Ciliberti et al., 2008; Perotti et al., 2012), e.g. by reducing CO2
emissions in the transport sector (Aronsson and Huge Brodin, 2006; Tacken et al., 2014). In
recent years, social issues were addressed more intensively in a supply chain context
emphasizing the importance of a supply chain wide implementation of socially responsible
strategies (Andersen and Skjøtt-Larsen, 2009; Yawar and Seuring, 2017). Although originally
integrated in the concept of LSR (Carter and Jennings, 2002), purchasing social responsibility
(PSR) evolved into a rather “pari passu” discipline which stresses that the purchasing function
can be used to transfer social and/or environmental standards to (sub)suppliers (Carter and
Rogers, 2008; Reuter et al., 2010). Although CSR literature in supply chains does not take an
explicit logistics perspective, a sustainable logistics can be seen as a subset of CSR.
Accordingly, LSR can be located at the intersections between supply chain management,
CSR and logistics management (see Figure 1).
Focusing on sustainable practices from a logistics service providers’ perspective, relevant
literature on LSR and logistical capabilities were content analyzed using structural
dimensions deductively derived from dynamic capabilities literature (see Table I) and linked
to the general literature streams of sustainable supply chain management (SSCM) and
dynamic capabilities (Mayring and Fenzl, 2014; Schreier, 2014). Within this focused review
(Tatham et al., 2017), 55 selected papers from the last two decades were analyzed. The paper
selection was guided by four recent literature reviews focusing on sustainable supply chain
practices and their interlinkages to dynamic capabilities, namely, the literature reviews
provided by Ciliberti et al. (2008), Beske et al. (2014), Mejías et al. (2016) and Amui et al. (2017).

1257

Supply Chain Management
3PL
Logistics
Management
Sustainable
SCM

LSR

Corporate Social
Responsibility

Sustainable
Logistics

Figure 1.
Positioning of LSR
in the literature

IJLM
29,4

1258

Coding category

Description

Knowledge
management
Partner
development
Supply chain
re-conceptualization

Knowledge management includes the acquisition of new and the evaluation of current
knowledge by supply chain members (Defee and Fugate, 2010)
Partner development involves all activities to qualify supply chain partners to fulfill
their (sustainability) responsibilities (Seuring and Müller, 2008)
Another set of routines deals with the transformation of the supply chain in line with a
strategic re-orientation of single members describing the change of supply chain wide
business models (Beske et al., 2014)
Co-evolution is characterized by improved relationships of single supply chain
members leading to more efficient collaboration and cooperation among the partners
(Eisenhardt and Martin, 2000)
Reflexive control refers to the comparison and evaluation of the supply chain
functionality (Beske et al., 2014)

Co-evolution
Table I.
Deductive
coding scheme

Reflexive control

Based on this pre-selection, relevant papers were chosen and clustered following their
self-reported focus on LSR, green logistics, purchasing sustainable logistics, logistics
capabilities, SSCM and dynamic capabilities (see Table AI).
Despite the limited number of LSR frameworks, authors have already clustered main
categories of LSR practices, particularly sustainable purchasing, sustainable transportation,
sustainable warehousing, sustainable packaging and sustainable reverse logistics
(Carter and Jennings, 2002; Ciliberti et al., 2008; Mejías et al., 2016). Analyzing these
categories and frameworks, logistics service providers’ adapt mainly to environmental
“stand-alone” practices in transportation, warehousing, packaging and assure the minimum
social standards required by external stakeholders (mainly the focal firm). Up to now, only a
few authors have investigated the barriers to implementing LSR practices. For instance,
Carter and Jennings (2002) found a main barrier in the coordination of activities and
objectives among members of the supply chain. Moreover, Heidbrink et al. (2015) see
logistics service providers’ still facing an increased shortage of skills due to partially poor
working conditions as a major challenge for implementing further knowledge driven LSR
practices. Recently, Abbasi and Nilsson (2016) explored customer priorities, managerial
complexity, network imbalances as well as technological and legislative uncertainties as
major logistics service providers’ challenges to implement green practices. They concluded
that logistics service providers’ capabilities to overcome such barriers and enhance their
LSR activities beyond the current level, particularly for socially responsible practices,
remain rather incomplete, unstructured and are not linked to existing management theory.
In this line, the study at hand intends to contribute to literature by conceptualizing LSR
from a dynamic capabilities perspective to enhance the understanding of the logistics
service providers’ capabilities to facilitate further LSR practices.
3. Theoretical lens on LSR
With regard to the limited number of explicit LSR publications with a theoretical scope, the
literature analysis focused on the theory building efforts in SSCM. Despite several calls for
building a more comprehensive theory in (S)SCM (e.g. Carter and Rogers, 2008), however, there
is still a relative lack of theoretically grounded research in SSCM (Touboulic and Walker, 2015;
Matthews et al., 2016). In this line, the integration of discrete concepts of social sustainability
into supply chain and logistics management is the biggest challenge (Touboulic and Walker,
2015; Matthews et al., 2016; Quarshie et al., 2016). Matthews et al. (2016) even argue that the
omnipresent assumption of achieving economic, environmental and social goals at the same
time needs to be reassessed to build an alternative theory. According to Carter and Easton
(2011) as well as Touboulic and Walker (2015), most theoretical studies on SSCM use popular

theories from other disciplines such as stakeholder theory (cf. Freeman, 1984) and institutional
theory (cf. DiMaggio and Powell, 1983), transaction cost theory (cf. Williamson, 1975) as well
as the resource-based view (RBV ) (cf. Barney, 1991) and the natural resource-based view
(NRBV ) (cf. Hart, 1995; Hart and Dowell, 2011).
Considering logistical capabilities, most of the existing studies are based on the RBV rating
logistics as a resource to enable strategic moves (Abrahamsson et al., 2003), supply chain
integration (Mellat-Parast and Spillan, 2014) or supply chain agility (Gligor and Holcomb, 2012).
Due to the high impact of logistics services on the company’s business performance, logistical
activities such as service performance capabilities as well as information and warehouse
management capabilities have been studied intensively from a RBV perspective (Zhao et al.,
2001; Mellat-Parast and Spillan, 2014). In this context, logistical capabilities are seen as an
important factor to remain competitive in the marketplace (e.g. McGinnis et al., 2010). However,
these studies mainly concentrate on the sourcing of logistical resources from a buying firm’s
perspective while the examination of logistical capabilities of logistics service providers is
rather underrepresented (Wong and Karia, 2010). Regarding the NRBV, this theory focuses on
the competitive advantage that can be derived from managing natural resources as well as
(sustainability-related) capabilities in the supply chain (Touboulic and Walker, 2015). Here, the
NRBV perspective on the contingent nature of resources and capabilities allowed researchers to
draw specific links between environmental and financial performance (Hart and Dowell, 2011).
Although Hart’s (1995) key strategic capabilities of pollution prevention, product stewardship
and sustainable development foster green logistics practices, the logistics service providers’
impact on the (socially) sustainability performance of a company or supply chain is contingent.
Considering the logistics service providers’ integration capabilities (Gligor and Holcomb, 2012)
solely from an economic and ecological standpoint, the achievement of a competitive advantage
through on-time logistics services (Mentzer et al., 2004) and customer satisfaction through
inventory availability (Esper et al., 2007) fall short of reaching holistic sustainability goals.
When logistics capabilities simply contribute to a focal firm’s competitive advantage through
decreasing costs and efficiency gains, it is unlikely that the competitive advantage taps the full
sustainability-related potential of the supply chain.
As the (N)RBV considers firms to consist of a bundle of resources which are rare,
valuable and hard to imitate, a firm can achieve a long-term competitive advantage
assuming that the firm’s environment stays relatively unchanged (D’Aveni, 1994).
For companies to achieve strategic temporary or even long-term competitive advantages in
dynamic markets (Teece et al., 1997; Teece, 2007; Eisenhardt and Martin, 2000), the concept
of dynamic capabilities were derived from the transformation of the RBV and the NRBV
into more dynamic settings and applied to more complex systems such as supply chains
(Beske, 2012). Considering the flexibility and agility potentials of logistics service providers
in turbulent markets to address uncertain customer demands and increased competition
(Nilsson, 2006; Tatham et al., 2017), dynamic capabilities to create, extend or modify a
supply chain’s resource base (Helfat et al., 2007) are a promising approach to comprehend
LSR practices, particularly not taking a focal firm perspective. While taking a dynamic
capabilities theoretical lens, the general criticism concerning the (N)RBV, that a competitive
advantage deriving from a bundle of resources cannot be sustained in a dynamic
environment (Teece, 2007), can be addressed in the context of the logistics industry and, at
the same time, extended toward including the social dimension of sustainability.
So far, the research on dynamic capabilities in sustainability management and
particularly in SSCM is relatively young and has accelerated in the last years because of its
prevalence for purposefully changing business environments and (socially) sustainable
innovations (Amui et al., 2017). An early article in this field was published by Defee and
Fugate (2010) which stresses the importance of extending the dynamic capabilities’ nature
from a firm-centric to a supply chain view. Only a few authors have explicitly applied
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dynamic capabilities in SSCM to a company or industry context. Here, Beske (2012),
Beske et al. (2014) and Land et al. (2015) proposed and further developed a conceptual
framework embedding dynamic capabilities into SSCM practices focusing on the food and
automotive industry. Recently reviewing the literature on corporate sustainability and
dynamic capabilities, Amui et al. (2017) yet state that this research area still needs to be
further explored by using qualitative and quantitative methods. Although the articles by
Beske (2012), Beske et al. (2014) and Land et al. (2015) provide insights into the process of
identifying specific dynamic capabilities in the context of SSCM, the specific logistics
service providers’ characteristics are not addressed in these studies. In line with Beske et al.
(2014), most of the dynamic capabilities are relationship specific with the aim to improve the
relations among the different supply chain members to enable further transformation
toward a more sustainable supply chain configuration. Considering the logistics service
providers’ fixed role within the ultimate supply chain as provider of services (Mentzer et al.,
2001), the specific logistics service providers’ relationships need to be addressed from a
transformational perspective in more detail. Hence, the study at hand content analyzes
relevant literature on LSR and logistical capabilities deductively using the analytic
categories provided by Beske (2012) and Beske et al. (2014) as well as using the linkages
to general dynamic capabilities’ structural dimensions described in the next section
(Mayring and Fenzl, 2014; Schreier, 2014). In this line, Table I shows the corresponding
coding scheme originally proposed by Beske (2012) and Beske et al. (2014) and describes
these theory-driven analytic categories. Through analyzing the literature in a deductive
manner, conceptual links between logistical resources and logistical capabilities as well as
SSCM-related dynamic capabilities can be drawn to build a more comprehensive theoretical
framework accordingly.
4. Dynamic capabilities’ structural dimensions
According to Barreto (2010), the body of literature on dynamic capabilities has grown
rapidly in the last two decades leading to an intensively studied and complex management
theory. The article by Teece et al. (1997) proposing dynamic capabilities as an extension of
the RBV is generally seen as the starting point of this research field. Teece et al. (1997, p. 516)
define dynamic capabilities as “the firm’s ability to integrate, build, and reconfigure internal
and external competences to address rapidly changing environments.” To date, several
authors have offered alternative definitions and conceptualizations (Barreto, 2010). Based on
Teece et al.’s (1997) main structural dimensions of dynamic capabilities, namely, the nature,
role, context, building and development, outcome and heterogeneity of dynamic capabilities,
the alternative perspectives of dynamic capabilities in the literature are introduced in the
following. To build on these main theoretical underpinnings of dynamic capabilities theory,
in a first step, this section links the dynamic capabilities’ structural dimensions with
logistical capabilities and resources conceptualized from a RBV perspective (see Table II).
Analyzing the dynamic capabilities’ structural dimensions, in particular the discussion
about outcome and heterogeneity of dynamic capabilities, company or industry speciﬁc
processes are critical for the development of higher-level dynamic capabilities (Eisenhardt
and Martin, 2000). In this line, conceptualizing common features of dynamic capabilities in a
certain industry context may give an answer to “how ﬁrms transform resource advantage to
marketplace advantage at a general level, rather than in the ﬁrm-speciﬁc context, and hence
[they] can be adopted as a framework to reveal ﬁrms’ transformational mechanisms in
general” (Wang and Ahmed, 2007, p. 35). Consequently, the paper at hand intends to
contribute by conceptualizing common SSCM features of dynamic capabilities in the
logistics industry in order to explain existing and possible future LSR practices and,
at the same time, understand logistics service providers’ current challenges to further
enhance their LSR activities.

Nature

Role

Context

Building

Outcome

Several authors followed Teece et al.’s (1997) argumentation, describing the nature of dynamic
capabilities as ability (respectively capacity) or process (respectively routine) to create, extend
and reconfigure the firm’s resource base (cf. Eisenhardt and Martin, 2000; Helfat et al., 2007;
Winter, 2003; Zahra et al., 2006). Others, like Makadok (2001) see dynamic capabilities rather
as a special type of resource responsible for the improvement of the productivity of other
resources. Accordingly, logistics service providers’ resources do not by themselves lead to an
improved outcome since the performance is dependent on how they leverage their resources
(Lai, 2004). The literature on logistical resources generally distinguishes between physical
resources (access to hubs, warehouse capacities and transport), strategic resources
(information and communication technology), human resources and intangible assets
(knowledge and relationship resources) (Wong and Karia, 2010)
According to Easterby-Smith et al. (2009), dynamic capabilities can take on different roles in the
firm such as changing resource allocations and organizational processes, knowledge
development and transfer, as well as decision making. In this line, some authors introduced a
certain hierarchy of capabilities. For instance, Wang and Ahmed (2007) describe a similar
hierarchical order distinguishing between zero-order, first-order, second-order and third-order
capabilities. Similarly, Winter (2003) distinguishes between ordinary capabilities allowing a firm
to run its business in the short term, substantive capabilities to solve problems and dynamic
capabilities to change ordinary capabilities. Accordingly, such higher-level capabilities are
especially necessary when changing supply chain configurations to give logistics service
providers the possibility of a strategic re-orientation. In this context, higher-level capabilities to
integrate technological, communication and process innovations in logistics service providers’
business models might promote a more balanced power distribution in the supply chain
According to Eisenhardt and Martin (2000), dynamic capabilities vary depending on the
context, particularly depending on the degree of market dynamics. Here, some researchers see
dynamic capabilities as being exclusively valuable in rapidly changing or unpredictable
market environments (Zahra et al., 2006) while others acknowledge its relevance in both stable
and dynamic market environments (Barreto, 2010). Eisenhardt and Martin (2000) suggest
analytical routines relying on existing knowledge in rather moderately dynamic markets with
predictable changes while experiential routines relying on situation specific or new
knowledge are more appropriate in high-velocity markets with non-linear changes. Especially
in in turbulent markets characterized by uncertain customer demands and increased
competition (Nilsson, 2006; Tatham et al., 2017), such as the automotive industry, logistics
service providers’ capabilities to decrease schedule instability by installing an efficient order
and inventory management come to the fore (cf. Childerhouse et al., 2008)
According to Makadok (2001), dynamic capabilities creation and development can be
distinguished. Considering the creation of dynamic capabilities, many authors follow an
Evolutionary Economics Perspective (cf. Nelson and Winter, 2002) emphasizing learning
mechanisms such as structuring R&D, information technology support as well as problemsolving and knowledge-sharing processes (Easterby-Smith et al., 2009). Additionally, top
management can guide building and creation of dynamic capabilities (Narayanan et al., 2009).
Considering the development of dynamic capabilities, existing operational capabilities can be
shaped to obtain more mature dynamic capabilities (Newey and Zahra, 2009). In the logistics
literature, authors rather stress leveraging existing logistical capabilities to take advantage of
certain opportunities (Sirmon et al., 2007) instead of developing new ones. Nonetheless,
building additional higher-level capabilities such as knowledge management capabilities
provide opportunities to extend the logistics service providers’ service portfolio
In line with Teece et al. (1997), many authors assume a direct relationship between dynamic
capabilities and company performance, explaining business success particularly through
achieving competitive advantages (e.g. Makadok, 2001; Zollo and Winter, 2002). In contrast,
other researchers question such a direct relationship stressing that company performance
depends on the specific resource configuration (e.g. Eisenhardt and Martin, 2000; Helfat et al.,
2007). Nevertheless, the creation of a new resource base might affect intermediate outcomes on
company performance such as related and unrelated diversification (Barreto, 2010). From a
logistics capabilities perspective, most authors still stress the logistical contribution to a
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Table II.

company’s competitive advantage through creating cost leadership and differentiation
(e.g. Halldórsson and Skjøtt-Larsen, 2004). As concerns for environmental and social issues
within the society and at consumer side rise, logistics service providers’ capabilities to
facilitate sustainable practices and business models in the supply chain question this sole
evaluation of logistics services with monetary outcome indicators
Heterogeneity According to Barreto (2010), there are generally two perspectives about the degree of
heterogeneity. On the one hand, it is assumed that dynamic capabilities are essentially company
specific and unique (e.g. Teece et al., 1997; Makadok, 2001). On the other hand, some authors
assume that dynamic capabilities have at least a few commonalities across companies
(e.g. Eisenhardt and Martin, 2000). Most of the authors are skeptical about these commonalities
arguing that dynamic capabilities are more than just best practices (Easterby-Smith et al., 2009).
From a logistical perspective, capabilities concerning tangible logistical resources such as
physical and human resources are easier to imitate and therefore have more commonalities
across logistics service providers. Hence, logistics service providers should stress capabilities
with regard to intangible resources to exploit these tangible resources to achieve a competitive
advantage, especially in a dynamic environment (Wong and Karia, 2010)

5. Conceptualizing LSR practices from a dynamic capabilities perspective
Building on dynamic capabilities’ theoretical underpinnings (Teece, 2007), a framework is
developed by conceptualizing logistical capabilities from a dynamic capabilities perspective
to facilitate the understanding of LSR practices. In accordance with the theoretical studies
by Teece et al. (1997), Teece (2007), Defee and Fugate (2010) as well as Beske (2012) and
Beske et al. (2014), Figure 2 provides an overview of the scope of the framework with its
main components, namely, LSR micro foundations, logistical resource base, necessary
LSR-related and SSCM-related dynamic capabilities. Here, the framework’s micro
foundations “undergird enterprise-level sensing, seizing, and reconfiguring capacities […]

Dynamic
SSCM
capabilities
(third order)

Micro
foundations:
sensing and
seizing
Figure 2.
Main components of
the conceptual
framework

Dynamic
LSR
capabilities
(second
order)

Logistical resources

Micro
foundations:
achieving
and
maintaining

to develop and deploy” (Teece, 2007, p. 1319) the resource base; particularly the available
logistical resources distributed across the entire supply chain. To do so, the necessary
capabilities, which describe “distinct skills, processes, procedures, organizational structures,
decision rules, and disciplines” (Teece, 2007, p. 1319), are conceptualized in the industry-speciﬁc
context of the logistics industry and are linked to higher-level SSCM-related dynamic
capabilities to increase the overall comprehension of LSR practices and their interlinkages to
SSCM practices. By linking the single components of the framework, it can be seen that
logistics-related and SSCM-related dynamic capabilities are embedded in a continuous iterative
process of reconfiguring the resource base to align the company’s and supply chain’s strategy
to its dynamically changing environment. These temporary and long-term iteration cycles are
highlighted in Figure 3. In the following, the main components of the framework are described
in detail and presented by Figure 2 accordingly.
Micro foundations
According to Beske (2012), each member of the supply chain needs to implement sustainable
practices in its corporate policies to achieve sustainable advantage. Applied to logistics
service providers, they should analyze their LSR practices from a dynamic capabilities
perspective to sense sustainability opportunities and threats, seize sustainability
opportunities as well as to achieve and maintain a sustainable advantage (Teece, 2007).
Based on Teece’s (2007) theoretical underpinnings, the dynamic capabilities’ micro
foundations have to be analyzed from a logistics service provider perspective to increase
temporary competitive advantages by leveraging logistical resources as well as maintain
long-term and sustainable competitive advantage by reconfiguring the logistical resource
base. The logistics service providers’ micro foundations refer to sensing sustainability
opportunities and threats from changed consumption patterns or technological innovation,
and shaping opportunities through the design of new sustainable business models.
Sensing sustainability opportunities and threats
Sensing involves activities such as scanning, searching and exploring across technologies
and markets (Teece, 2007). In this context, Tatham et al. (2017) explored necessary
knowledge management skills. Particularly, they investigated information gathering,
problem identification, analysis and solving, as well as sensing sustainability
opportunities and threats. Currently, social trends such as urbanization (Crook, 2015)
and the shift in consumer preferences (Zweck et al., 2015) toward an increased
individualism are dynamically adapting consumption patterns and they require a
different kind of logistics services accordingly. For instance, last mile logistics services
have been highly affected by increased online retailing activities which lead to
higher failed delivery rates and return rates and, accordingly, to higher CO2 emissions
(Edwards et al., 2011). In contrast, newer technologies such as web-based ordering,
electronic data interchange, barcoding, vehicle routing and scheduling, inventory
replenishments and automated storage (Chapman et al., 2003) as well as big data analytics
(Akter et al., 2016; Wamba et al., 2017) and blockchain technology (Yli-Huumo et al., 2016)
dynamically innovate the market environment and provide opportunities for more
eco-efficient products and services. Here, suppliers and service providers can also be
drivers of technological and sustainable innovations in dynamic environments, e.g. in
the last mile, which stands in contrast to the traditional PSR assumption that standards
are solely transferred by the buying firm (Carter and Jennings, 2004).
Sizing opportunities through designing new business models
According to Teece (2007), the traditional elements of business models such as tangible
assets ownership, cost control and inventory optimizations are not sufficient for long-term
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competitive performance. Instead, dynamic capabilities support shaping the business
environment by developing new products (respectively logistics service portfolio
extensions) or even new business models. In this line, Tatham et al. (2017) identified
project, risk and strategic management skills as important capabilities to seize more

sustainable alternatives. From a logistics service provider perspective, new service portfolio
extensions or business models might merge technological innovations in production and
consumption with logistical processes to create more sustainable logistics service offers.
Here, logistics service providers have the chance to integrate widely distributed capabilities
into the supply chain, both on a horizontal and a vertical level. In this context, social and
technological innovations bear sustainability potentials if differently structured supply
chains configurations provide products and services which support more sustainable
production and consumption patterns. For instance, 3D printing can provide such an
opportunity on a vertical level in terms of decentralized production at logistics service
providers’ sites (Zweck et al., 2015). The 3D prints can be produced in their distribution
centers as a value adding service or the raw material can be supplied for printing directly
at the consumers’ site. This would clearly simplify the supply chain structure and reduce
transportation distances, energy consumption and organizational efforts (e.g. through less
traffic and emissions).
Achieving and maintaining a sustainable competitive advantage
To achieve and maintain competitiveness, Tatham et al. (2017) stress the enhancement,
combination, protection and, if necessary, reconfiguration of tangible and intangible logistical
resources through warehouse and inventory management, transportation and purchasing
management as well as logistics information systems. From an economic and ecologic point of
view, dynamic capabilities can leverage logistical resources and hence provide a competitive
advantage (Esper et al., 2007), at least temporarily. To achieving such a temporary
competitiveness, capabilities to sense innovations and seize new products such as knowledge
management capabilities come to the fore (Defee and Fugate, 2010) (see short-term iteration
cycle in Figure 3). By doing so, however, firms are not able to significantly enhance their
long-term position through simply implementing logistics information systems as this action
could be easily imitated by other firms (Mellat-Parast and Spillan, 2014). From a logistics
service provider perspective, capabilities that concern tangible logistical resources such as
physical and (partially) human resources are easier to imitate and, therefore, show more
commonalities across the logistics industry. Considering long-term or even sustainable
competitive advantage, the degree of homogeneity across logistics services might hamper a
sustainable advantage in the long-run, thus demands for more advanced logistical capabilities
such as reflexive control and supply chain re-conceptualization capabilities to purposely
reconfigure the logistics service providers’ resource base (Beske et al., 2014) (see long-term
iteration cycle in Figure 3). To foster LSR practices in this line, e-business models
incorporating social and technological trends might help to cope with a dynamic environment
and increase the overall logistics sustainability (Wang and Lalwani, 2007). For instance, the
trend of the so-called sharing economy (e.g. Hamari et al., 2015) has potential for more
sustainable configurations of business-to-customer relationships. Especially local delivery
practices such as “bringing along” of groceries from the supermarket (organized online in the
neighborhood) are most promising sharing economy trends as they still require increased
logistics professionalism. Hence, this trend bears the potential for future logistics service
offers (see also Box 1).
Reconfiguration of the resource base
In general, enhanced capabilities with regard to intangible resources are used to exploit
tangible resources to achieve a competitive advantage, especially in a dynamic environment
(Wong and Karia, 2010). Therefore, it is important for logistics service providers to
understand and exploit the causal relationships between different logistical resources and
capabilities to achieve a unique advantage and enhance their LSR practices. For instance,
information resources and capabilities are essential to exploit, integrate and reconfigure
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Box 1. Case example of sharing economy business
Background: Botsman and Rogers (2011) identified a growing consumers’ interest in shared
consumption which is facilitated by innovations in information technologies. Here, shared consumption
has the potential to raise the awareness for ecological and social aspects related to distribution channels.
Heinrichs and Grunenberg (2012) distinguish three types of shared consumption. These are professional
product-service-systems (e.g. car-sharing), re-distribution markets (e.g. platforms such as eBay) and
collaborative lifestyles (e.g. sharing music files).
Business-to-business solutions: considering business-to-business relationships, sharing economy solutions
focus the shared use of resources and infrastructure by business partners within the supply chain.
For instance, the cross-company use of vehicles might support a conversion to alternative technologies
(like e-mobility), which currently are too expensive to operate at single company use. Moreover, shared
warehouses are another possible approach, where several retailers access neutral stocks. Anyhow, such
solutions require different relationships among the supply chain members. Truck drivers, for instance,
have to share their vehicle as well as retailers need to accept a shared stock consolidation between
possibly competing companies. Accordingly, logistics integration capabilities are coming to the fore, in
particular on a horizontal supply chain level. In this line, an increased information availability due to
advanced information exchange capabilities support the implementation of sharing solutions.
Business-to-customer solutions: Regarding business-to-customer relationships, practices such as “bringing
along” of groceries from the supermarket (organized online in the neighborhood) as well as “car sharing
agencies” for shopping tours are most prominent. Those sharing concepts are particularly highlighted from a
sustainability point of view as the last mile is accountable for a large proportion of total CO2 emissions along
the supply chain (Edwards et al., 2011). Anyhow, those practices of delivering goods by private persons are
controversially discussed. Here, the current legal regulations are a main argument against this form of last
mile configuration, since an official registration, compulsory insurances and load protection are missing.
Accordingly, logistics service capabilities are necessary to professionalize such services and, at the same time,
to keep the sustainability potentials. Hence, product-service-systems facilitated by sharing solutions can
promote sustainable logistics services if positive sustainability impacts are transparent for the consumer.
In this line, logistics measurement and knowledge management capabilities support a reliable communication
to the end customer.

physical and human resources. Furthermore, relational resources are crucial to effectively
combine different resources and enable integration and collaboration in differently
structured supply chains. In addition, information exchange capabilities cannot fully be
used without relational capabilities (Sanders and Promus, 2005). Moreover, learning
capabilities and knowledge management skills focusing on core processes and technologies
in a supply chain are the necessary basis for improving service capabilities.
Dynamic LSR capabilities
In line with Teece’s (2007) micro foundations, reconfiguration and recombination of
logistical resources is necessary to maintain an evolutionary competitive advantage.
In order to link existing resources and dynamic capabilities’ micro foundations, companies
need to develop rules and procedures (routines) to design corporate renewal and to
redesign the routines themselves. With regard to the controversial discussion in the
literature about the direct link between dynamic capabilities and achieving a competitive
advantage (Eisenhardt and Martin, 2000), the logistics service providers perspective adds
new elements to this discussion. Following Lai (2004), Esper et al. (2007) as well as Gligor
and Holcomb (2012), the most prominent logistical capabilities in the RBV related
literature are service or customer focused capabilities, measurement capabilities, supply
chain integration capabilities, information exchange capabilities and logistical learning
capabilities. Merging these logistical capabilities with the dynamic capabilities
conceptualization in a SSCM context proposed by Beske (2012) and Beske et al. (2014),
LSR specific dynamic capabilities can be derived from the existing RBV related

capabilities (see Table III). In this line, Figure 3 presents the full framework with its causal
relationships between dynamic LSR- and SSCM-related capabilities, while Table III
describes the single, dynamic LSR capabilities in detail. To further illustrate dynamic LSR
capabilities, Box 1 discusses the case of sharing economy business models as opportunity
to further enhance LSR practices.
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6. Relationships between logistical capabilities and SSCM-related dynamic
capabilities
While LSR-related dynamic capabilities were described in the last section, the relationships
between logistical dynamic capabilities and the SSCM-related dynamic capabilities derived
by Beske (2012) are now analyzed. In particular, the interlinkages (depicted by arrows 1-5)
between LSR- and SSCM-related dynamic capabilities guide directions for future empirical
research in sustainable operations management.
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Reflexive control
Reflexive control encompasses the routines of information gathering, evaluation and sharing,
and hence aims to control supply chain functionality (Beske, 2012; Beske et al., 2014).
Thus, reflexive control dynamic capabilities are related to measurement and information
exchange capabilities. In the literature, the evaluation of 3PL logistics service providers is seen
as a critical step for the selection of appropriate business partners, mainly concentrating on
cost, relationship, service, quality and flexibility criteria (Aguezzoul, 2014). To date, there have
been only a few studies which adopt social sustainability-related criteria in the logistics sector.
Recently, Jung (2017) presented an evaluation framework summarizing logistics service
providers relevant social sustainability-related criteria, particularly philanthropy, average
salary, organizational learning, human rights policies as well as health and safety policies.
Additionally, the evaluation framework proposed by Jung (2017) stresses the dependencies
toward price and service criteria. Accordingly, setting up key performance indicators that
reliably measure social performance (Yawar and Seuring, 2017) of logistics service providers
would support transparent communication among supply chain members and, at the same
time, might diminish the price pressure on logistics services. Therefore, the following research
proposition can be formulated for future research:
RP1. Logistics measuring capabilities concerning sustainability-related logistics issues
have a positive impact on transparent communication and appropriate pricing
schemes among supply chain members.
Knowledge management
Knowledge management includes the acquisition of new and the evaluation of current
knowledge related to the supply chain members (Defee and Fugate, 2010). Here, Defee and
Fugate (2010) stress the assessment of skills and capabilities possessed by other supply
chain members rather than acquiring their knowledge. Hence, the comprehension of
existing capabilities across the supply chain and how to combine those best focuses on
reducing competitive pressure among the single members. From a logistics service provider
perspective, information exchange routines and learning capabilities are vitally important to
build a knowledge management system considering sustainability-related information.
With regard to information technology and information-focused capabilities, Zhao et al.
(2001) could not investigate a direct link between information exchange capabilities and
company business performance. Taking a rather holistic perspective, routines to exchange
information about the sustainability impact of logistics services will contribute to the
improvement of the reliability of logistics service providers’ sustainability practices
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Table III.
Dynamic LSR
capabilities

Logistics
measurement

Logistics measurement capabilities refer to the degree to which a logistics service
provider monitors the sustainability impact of their operations (Esper et al., 2007).
To reconfigure internal and external logistical resources, logistics service providers’
managers need to have access to relevant and reliable sustainability measures for
decision making. Such measurement capabilities can also be developed with partners
outside the supply chain, for instance from other industries (Halldórsson and
Skjøtt-Larsen, 2004). In this line, logistics service providers should be proactive in
implementing an effective monitoring and auditing systems (Beske et al., 2014), not just
for their own suppliers. Especially the setup of key performance indicators that reliably
measure social performance (Yawar and Seuring, 2017), might turn the strategic
orientation of the whole supply chain
Information
Logistics information exchange capabilities are generally seen as a source of
exchange
competitiveness, as they are an IT-based prerequisite to achieve an integration of
processes among supply chain members and collaborative decision making
(Mellat-Parast and Spillan, 2014). The installation of information systems implies longterm relationships (Wei et al., 2012). If information systems can be extended from solely
exchanging demand information across the supply chain (Mentzer et al., 2004) toward
knowledge management, the exchange of sustainability information and knowledge
might facilitate more sustainable inter-company processes. The combination of
information sharing and knowledge management also allows tracking and tracing of
process parameters and the automation of processes such as reporting (Wong and Karia,
2010). Assuming relevant and reliable sustainability measures are in place, new
capabilities to optimize the sustainability of logistical processes can be achieved
Logistics learning According to Halldórsson and Skjøtt-Larsen (2004), joint logistics solutions also enable
members of the supply chain to learn from each other, based on the actors’ knowledge and
experience. From a joint learning perspective, partner development can be beneﬁcial for
both parties by assessing new (sustainable) competences (Halldórsson and Skjøtt-Larsen,
2004). Generally, logistical learning capabilities consist of the ability to convert learning
outcomes to new logistics management strategies, tactics and operations (Esper et al.,
2007). From a sustainability perspective, logistics service providers should actively use
their experiences from current LSR practices to further develop sustainable logistics
services. Moreover, Wong and Karia (2010) stress the importance of managing the
knowledge of human resources (skilled workforce) as a critical and hardly imitable
resource since logistics services are “a people oriented business” (Wong and Karia, 2010,
p. 54). Hereby, logistics service providers can reduce skills shortage and, at the same time,
improve competitiveness, company image and social sustainability performance
Logistics
Joint logistics solutions are characterized by long-term expectations and the willingness
integration
to share information as well as to solve problems jointly (Halldórsson and Skjøtt-Larsen,
2004) so that companies can obtain operational and strategic efficiency. This positive
impact on company performance has already been shown by several empirical studies
(Mellat-Parast and Spillan, 2014). Here, the complexity of involving multiple
organizations is named as a major challenge to achieving integration (e.g. Richey et al.,
2007). Although joint action can improve the performance of all participants (Horvath,
2001), enhancing the competitive position of a single company might limit the integration
beyond a certain level, especially when companies solely attempt to minimize their
logistics and distribution costs through logistics service providers. Accordingly, logistics
service providers should not just improve their relationships as resources, but they
should also develop and implement new capabilities (Defee and Fugate, 2010) to increase
their sustainability performance. Shaping new business models which imply that
logistics service providers take over more supply chain responsibility, for instance by
professionalizing online retailing by bundling cross-company commodity flows, provide
the opportunity for sustainable supply chain re-conceptualizations
Logistics service To satisfy the increasing sustainability requirements of consumers, logistics service
capabilities
providers need to broaden the scope of their services and improve their service
performance (Lai, 2004). Accordingly, dynamic capabilities enable logistics service

(continued )

providers to create and deploy logistical resources to satisfy the sustainability needs of
consumers (Zhao et al., 2001; Lai, 2004; Gold et al., 2010). To offer customized logistics
solutions, logistics service providers might integrate resources from different businesses
(Lai, 2004). Therefore, logistics service providers need to influence other organizations’
strategies. Such new ways of doing business and re-conceptualizing the supply chain
need to target the consumer’s sustainability expectation of being able to support
sustainable logistics strategies with their monetary “votes” (Shaw et al., 2006). In a solely
economic context, Zhao et al. (2001) already showed empirical evidence that servicefocused capabilities are directly and information-focused capabilities are indirectly
related to company performance

(Yawar and Seuring, 2017) and its company business performance (Liu et al., 2015).
Just recently, Yang (2016) confirmed that logistics learning capabilities have an indirect
effect on the company business performance in a Taiwanese context. Accordingly, such
orientation toward inter-organizational learning about sustainable logistics practices might
also contribute to achieving socially enhanced PSR practices and may ease the adaptation
toward exchange technologies concerning sustainability-related information. Hence, the
following RP can be stated for future empirical research activities:
RP2. Logistics information exchange and knowledge management capabilities
concerning sustainability-related logistics information mutually support and
moderate the sustainability performance of the supply chain.
Co-evolution
Co-evolution is characterized by the continuous creation of new capabilities and resources
leading to a more efficient collaboration and cooperation among single supply chain
members (Eisenhardt and Martin, 2000; Gold et al., 2010; Defee and Fugate, 2010). In this
context, co-evolution intends to go beyond developing and launching new products
and services by incorporating the market dynamics into a company’s environment in
inter-organizational evolutionary processes (Eisenhardt and Martin, 2000). Here, Defee and
Fugate (2010) see dynamic learning routines based on innovative information sharing
technologies as a prerequisite to creating new forms of resources. Such a learning
orientation requires a set of methods for modifying existing operational routines over
time (Zollo and Winter, 2002). Gold et al. (2010) stress that trust resulting from knowledge
transfer and learning processes are a necessary condition to achieve and maintain
effective collaboration with suppliers and customers. Therefore, an integration of logistics
service providers’ business partners through horizontal and vertical collaboration might
enable the adaptation toward a more effective sustainability strategy of the supply chain
and leads to the following RP:
RP3. Logistics learning capabilities concerning sustainability-related issues have a
positive impact on a sustainable co-evolution of supply chain members.
Partner development
Partner development involves all activities to qualify supply chain partners to fulfill their
(sustainability) responsibilities (Seuring and Müller, 2008). Nonetheless, only a limited
number of studies have investigated partner development and integration from a logistics
service provider perspective and they mainly concentrate on the financial performance of
logistics service providers (Liu and Lai, 2016). In contrast, several studies have
investigated the impact of stakeholder relationships on the adoption of environmental
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(logistics) practices. For instance, Kim and Lee (2012) found significant positive
connections between stakeholder pressure and environmental logistics practices,
mediated by an eco-oriented firm culture. Thus, open-minded logistics service providers
could lead to a sustainable integration of new partnerships with partners not necessarily
involved in the core business activities of the supply chain (e.g. NGOs; cf. Beske et al.,
2014), and satisfy the needs for sustainability of their stakeholders at the same time. The
related RP is the following:
RP4. Logistics integration and partner development capabilities concerning non-core
business partners have a positive impact on the sustainability performance of the
supply chain.
Supply chain re-conceptualization
Another set of routines deals with the re-conceptualization which describes the change of
supply chain wide business models (Beske et al., 2014) and their relationships to each
other. Here, the transformation of the supply chain in line with a strategic re-orientation of
single members, particularly logistics service providers, might reduce the orientation
toward the focal firm and competitive pressure. In this context, Ralston et al. (2013)
investigated the impact of logistics salience (cf. Zacharia and Mentzer, 2004) on logistics
innovativeness and logistics service differentiation. Within their study, they observed
that putting logistical resources upfront can have a positive influence on developing
logistics innovativeness and logistics service differentiation. In line with Mellat-Parast
and Spillan (2014) who name logistics and supply chain process integration as the most
significant predictor for a companies’ competitive position, logistics service providers
could lead the sustainable transformation and integration within supply chains by
developing more sustainable logistics innovation and service differentiation capabilities.
Here, the empirically confirmed relationship between logistics service capabilities
and firm performance (Zhao et al., 2001; Yang, 2016) implies a link between logistics
service providers’ dynamic innovation and service capabilities and a holistic supply
chain performance. Hence, the following RP can be stated for future empirical
research activities:
RP5. Logistics service providers’ service (differentiation) capabilities have a positive
impact on sustainability innovations of the supply chain.
7. Discussion, conclusion and directions for future research
To overcome the main obstacles preventing an enhanced application of LSR practices,
logistics service providers need to develop unique dynamic capabilities to unfold their
sustainability potentials. In line with Teece (2007), sensing sustainability opportunities
and threats through logistics measurement and information exchange capabilities increases
the reliability and transparency of logistics service providers’ practices across the whole
supply chain. In contrast to the abilities of the focal firm, logistics service providers’
capabilities to integrate widely distributed capabilities in the supply chain provides the
opportunity to design new business models which entail that logistics service providers can
lead the implementation of further LSR practices. To do so, logistics service providers
require a set of advanced skills which exceed the functional logistics skills of inventory,
warehousing and transportation management. As sustainable service capabilities are
important to target the consumer’s sustainability expectations and, at the same time,
raise awareness for sustainable logistics, logistics service providers particularly benefit
from taking a joint learning perspective stressing anti-competitive and performance
purposes through enhanced LSR practices. Thus, the paper on hand presents a conceptual

framework describing the linkages between necessary logistical capabilities and the
SSCM-related dynamic capabilities originally studied by Beske (2012). In this line,
the framework provides the missing theoretical foundation to study dynamic capabilities in
a LSR context. Thus, enhanced LSR practices can be achieved by the implementation of LSR
specific routines.
Since the conceptual framework is developed from existing literature as well as RBV
and dynamic capabilities theory, the discussion reflects on the controversial discussion in
the literature about outcome and heterogeneity of dynamic capabilities (Barreto, 2010)
from a logistics service providers’ point of view. While studies already have shown that
leveraging existing logistical resources (e.g. Lai, 2004) as well as environmentally
sustainable (logistics) practices (e.g. Perotti et al., 2012 in an Italian setting) can have a
positive effect on the economic and environmental performance of a ( focal) company, the
improvement of the social dimension of sustainability seems to require advanced
(respectively higher-level) logistics service providers’ capabilities. Broadening the scope to
a supply chain perspective, Gold et al. (2010) denote inter-firm resources and capabilities
on the one hand as a source for sustainable inter-firm competitive advantage and, on the
other hand, as socially complex, causally ambiguous as well as historically grown.
Accordingly, the obstacles of logistics service providers preventing them from an
enhanced application of LSR practices may result from the lack of inter- and
cross-organizational collaboration. The cross-organizational collaboration stresses the
need for a reliable measurement of the logistics service providers’ social performance and
anti-competitive purposes. According to Wang and Ahmed (2007), dynamic capabilities
establishing a strategic supply chain and learning orientation (Defee and Fugate, 2010) are
on the one hand important to recognize and capitalize emerging market opportunities and,
on the other hand, to develop new products, services or markets. To do so, logistics service
providers need to overcome the current high degree of homogeneity across current
logistics practices which allows easy imitation by competitors. In contrast, social benefits
of logistics services are particularly hard to imitate due to their complex nature. Moreover,
branch-specific dynamic capabilities as suggested by Beske et al. (2014) and Land et al.
(2015) help to increase the level of heterogeneity. Moreover, logistics service providers
should not just work on improving their relationships to the focal firm as resources,
but should also develop and implement new service portfolio extensions and new business
models by themselves or with other partners in the supply chain.
In terms of the discussion about supply chain managers’ perceptions of being “managers
first and logisticians second” (Mangan and Christophers, 2005, p. 180), the paper at hand
contributes to theory by linking the literature on LSR practices closer to the literature
stream of (S)SCM. By softening the logistics service providers’ fixed role within the ultimate
supply chain as a provider of services toward taking over managerial skills, the perceived
distance between logistics service providers and focal companies in the supply chain is
reduced. At the same time, it eases a supply chain re-conceptualization toward the inclusion
of more LSR practices. Explicitly considering environmental turbulences, the
reconfiguration of inter-organizational routines requires proactivity of all supply chain
members and, therefore, encourages a stronger position of logistics service providers in the
supply chain in order to exploit further logistical capabilities which lead to new and
enhanced LSR practices.
As not all underlying literature used to develop the conceptual model has been empirically
( fully) tested, the separation into branch-specific dynamic capabilities helps to guide future
empirical work. Consequently, survey research should follow up the proposed research
proposition derived from the conceptualization of LSR-related dynamic capabilities. Moreover,
further case study research needs to shed more light on the complex relationships between
logistical capabilities and SSCM-related dynamic capabilities.
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Abstract
Purpose – The purpose of this paper is to solve a post-disaster humanitarian logistics problem in which
medical assistance teams are dispatched and the relief supplies are distributed among demand points.
Design/methodology/approach – A mixed integer-programming model and a two-stage hybrid metaheuristic
method are developed to solve the problem. Problem instances of various sizes as well as a numerical example
based on the 2016 Kyushu Earthquake in Japan are used to test the proposed model and algorithm.
Findings – Computational results based on comparisons with the state-of-the-art commercial software show that
the proposed approach can quickly find near-optimal solutions, which is highly desirable in emergency situations.
Research limitations/implications – Real data of the parameters of the model are difficult to obtain.
Future collaborations with organizations such as Red Cross and Federal Emergency Management Agency
can be extremely helpful in collecting data in humanitarian logistics research.
Practical implications – The proposed model and algorithm can help governments and non-governmental
organizations (NGOs) to effectively and efficiently allocate and coordinate different types of humanitarian
relief resources, especially when these resources are limited.
Originality/value – This paper is among the first ones to consider both medical team scheduling (routing) and
relief aid distribution as decision variables in the humanitarian logistics field. The contributions include developing
a mathematical model and a heuristic algorithm, illustrating the model and algorithm using a numerical example,
and providing a decision support tool for governments and NGOs to manage the relief resources in disasters.
Keywords North America, Metaheuristics, Decision-making, Modelling, Asia, Logistics strategy,
Humanitarian logistics, Disaster medical assistance team routing, Computational study
Paper type Research paper

Nomenclature
Model parameters
Ok set of relief medical supply orders received
H set of DPs, where index is h and h ¼
at DC k from upstream suppliers, where
K

1; 2; . . .; jH j; h ¼ 0 represents the MC;
set of DCs, where index is k and
k ¼ 1; 2; . . .; jK j;

I

index is j and j ¼ 1; 2; . . .; jOk j; ∀k ∈K
set of DMATs, where index is i and
i ¼ 1; 2; . . .; jI j;
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Dn demand quantity for relief medical

supplies at DP h; ∀h ∈H
sn service operation time at DP h; ∀h ∈H
τnn′ time of a DMAT traveling from DP h
directly to DP h′; ∀h, h′∈H
τ0n time of a DMAT traveling from MC
directly to DP h; ∀h∈H
ωkh relief medical supply shipping time from
DC k to DP h; ∀k∈K, j∈H
λkj arrival time of the jth order of relief
medical supplies at DC k; ∀k∈K, j∈Ok
Ckj quantity capacity of the jth order of relief
medical supplies at DC k; ∀k∈K, j∈Ok

L

a sufficiently large number

Decision variables
th service starting time at DP h; ∀h∈H
Qkjh supply quantity shipped from the jth

order of DC k to DP h; ∀k∈K, j∈Ok, h∈H

xihh′ equals 1 if team i serves DP h′

ykjh

immediately after serving DP h, and 0
otherwise; 8i A I ; h; h0 A f0g[H ; ha h0
equals 1 if DP h receives supplies from the
jth order of DC k, and 0 otherwise; ∀k∈K,
j∈Ok,h∈H

1. Introduction
Natural disasters have always caused tremendous fatalities and damages across the world.
EM-DAT (www.emdat.be, retrieved on March 22, 2016) has reported that the annual number
of natural disasters has doubled during the past two decades in the world. In particular, 435
natural disasters occurred globally in Year 2010 alone, causing a total of 323,070 deaths and
$132.16 billion damage. A more recent disaster is the magnitude-7.3 earthquake in April
2016 that struck Kumamoto Prefecture, the south-western island of Kyushu in Japan, in
which approximately 180,000 people were affected and among them more than 3,000 needed
vital relief supplies and medical services (Brant, 2016). The critical importance of
humanitarian logistics in coping with such disasters cannot be overstated (Özdamar et al.,
2004; Özdamar and Demir, 2012; Gralla et al., 2014). Although the occurrences of natural
disasters are not preventable, effective preparedness and response can dramatically reduce
the property damages and human injuries and fatalities (Balcik et al., 2010; Celik et al., 2012;
Garrido et al., 2015). The primary objective in humanitarian logistics is to provide
beneficiaries with disaster relief supplies such as food, drinking water, medicine, tents,
surgeons (Cohen et al., 2014), ambulances (Gong and Batta, 2007), and vaccines, in a prudent
way to minimize the total number of casualties. However, relief resource and personnel
shortages often pose significant challenges in developing effective preparedness and
response strategies (Falasca and Zobel, 2012; Suzuki, 2012). In practice, relief supplies are
either stored in government or non-governmental organization (NGO) operated warehouses,
or transported to warehouses/distribution centers (DCs) from upstream suppliers in batch
orders (Ferrer et al., 2016). Each arrival order at a certain warehouse/DC has a limited
capacity, and it must be allocated to different shelters or demand points (DPs) immediately.
The remaining demand has to be met with orders arriving later.
Equally important is the efficient and effective provision of needed services in the
disaster response process. Many countries, such as USA, Canada, Turkey, Japan, and Israel,
use disaster medical assistance teams (DMATs) to provide these rescue and medical
services (Arziman, 2015). A DMAT is a group of professional medical personnel (doctors,
nurses, and technicians) organized by government to provide rapid-response medical care
during a man-made or natural disaster (https://en.wikipedia.org/wiki/Disaster_medical_
assistance_team, Retrieved on September 2, 2017). The members of DMATs have their
regular jobs when they are not called upon by the government for disaster relief efforts.
Once a disaster occurs, the government will determine the number of teams needed to be
dispatched to the affected area according to the severity of the disaster (Arziman, 2015).
The selected DMATs are then instructed to station at designated public facilities. Due to

personnel shortage, each DMAT often needs to visit various locations (e.g. shelters or
hospitals) to provide medical services (Lee et al., 2013; Lei et al., 2015). Normally, the teams
would first visit the location with the most urgent needs, and upon the completion of their
tasks they will then move to the next location. During the visits, DMATs are equipped with
necessary medical devices and supplies to treat some hundreds of patients. Additional
medical supplies, provided by the abovementioned DCs, will be needed if the number of
patients exceeds the capacity of the initial supplies carried by the DMATs. For instance, in
August 1992, a DMAT with 66 members was activated and deployed to the South Florida
area (USA) to treat victims of Hurricane Andrew. The team sequentially visited three
different sites during four days (www.oh-1DMAT.org/?page_id=660, Retrieved on
September 10, 2017).
In addition, NGOs use mobile clinics/hospitals to provide supplementary medical or
surgical services when there are not enough DMATs (Krol et al., 2007; Somprasonk and
Boondiskulchok, 2009). For example, after the 2010 Haiti earthquake, Federal Emergency
Management Agency (FEMA) and the Red Cross started to equip retrofitted shippingcontainers with required medical tools and supplies to serve as mobile hospitals that can
also visit various locations during disasters (Sweeney, 2011). Since these mobile clinics
essentially provide the same functions as the DMATs do (Blackwell and Bosse, 2007), we
use DMATs to represent both concepts in the remaining of this paper.
One of the problems that humanitarian organizations face after disasters is the
coordination of relief supply distribution and DMAT scheduling (Lei et al., 2015). The
effectiveness of the coordination between the operations of the DMATs and the availability
of relief supplies depends, to a great extent, on the accuracy of demand information and the
capacity of the teams. On one hand, in the case of a medical supply shortage, the DMATs
must wait for the arrival of the next order of supplies to begin their service. On the other
hand, in the case of a medical personnel shortage, the DMATs must carefully schedule their
service sequences at different locations in order to cover as many victims as possible. Poor
coordination can result in delays in service operations, which will then negatively affect the
patient treatment rate. This issue was manifested numerous times after disaster occurrences
in recent history. In the 2008 Wenchuan earthquake in China, which killed roughly 70,000
people, it was reported that thousands of victims were left without relief supplies when the
rescue and medical teams arrived at their shelters and tried to provide help. During the 2005
Hurricane Katrina in the USA, where humanitarian organizations experienced a huge
personnel shortage, DMATs found that victims were not aware of their visits if the teams
did not conduct scheduling in advance (i.e. the patients had no idea when and where a team
would show up and help). After improving the scheduling strategy, the DMATs
successfully increased the patient treatment rate and efficiency (www.hsdl.org/?view&did=
779616, Retrieved on September 21, 2017). Similar relief supply and personnel coordination
challenges can also be found in 2011 Tōhoku earthquake and tsunami and 2016 Central
Italy earthquake (Sanchez, 2016). Thus, this study is undertaken to explore optimal means
of efficiently distributing relief supplies and dispatching DMATs during the response
period of disasters.
More specifically, the research question of this paper is that given the constraints (such
as location, capacity, time, and routing) on key resources (i.e. relief supplies and DMATs),
how to coordinate the distribution of relief supplies and the scheduling of DMATs so that
the total service completion time among all DPs (shelters or hospitals) can be minimized.
This problem focuses on the disaster response phase where beneficiaries need relief supplies
as well as first-aid treatment service by medical professionals. The rest of the paper is
organized as follows. We first review the methodologies, results, and solutions related to
post-disaster humanitarian logistics in existing literature. Next, a mixed integerprogramming (MIP) model is formulated to solve the problem of interest, in which the
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objective function is to minimize the total completion time of all DPs in the disaster area.
A structural analysis of the model is also provided in this section. Next, we propose a
two-stage hybrid metaheuristic algorithm to solve the model based on the structural
analysis. Computational studies on extensive testing instances are conducted and the
results are compared with a state-of-the-art commercial software. We then use a numerical
example based on the 2016 Kyushu Earthquake in Japan to further validate our proposed
approach. Finally, we discuss the limitations of the proposed approach and provide
conclusions and future research directions.
2. Literature review
2.1 Overview of humanitarian logistics
Altay and Green (2006) and Celik et al. (2012) classified natural disasters-related humanitarian
logistics operations into four phases according to the chronological order, which are
mitigation, preparedness, response, and recovery. In the mitigation phase, early alerting and
protection systems are located in potential disaster areas. Disaster relief supplies are
prepositioned in government or NGO owned facilities in the preparedness phase. Relief
supplies and disaster assistance teams are distributed and dispatched among affected areas,
and beneficiaries are evacuated in the response phase. Finally, debris are cleaned, and cities
and villages are rebuilt in the recovery phase. Some studies built upon and expanded the
discussion on this topic. Galindo and Batta (2013) summarized and generated solutions to
the issues raised by Altay and Green (2006). Caunhye et al. (2012) focused their review on the
preparedness and response phases, summarizing the optimization models for facility location,
inventory pre-positioning, and relief supply distribution. Meanwhile, there are some review
articles that study humanitarian logistics issues from other perspectives. For example, Balcik
et al. (2010) discussed collaboration and coordination issues and opportunities existing among
different humanitarian relief supply chain stages. Torre et al. (2012) reviewed the optimization
models in humanitarian aid delivery and routing and identified the practical uses of these
models based on their interviews with NGOs. Holguin-Veras et al. (2012) and Holguin-Veras
et al. (2013) discussed the unique features and appropriate objective selection in post-disaster
humanitarian logistics.
2.2 Research on the response phase of humanitarian logistics
According to the four-phase classification scheme, our research focuses on the response
phase. There has been quite some existing research focusing on relief supply distribution in
this phase. The most relevant research to our paper includes Lee et al. (2013) and Lei et al.
(2015). Lee et al. (2013) studied an operations scheduling problem in the response phase.
With fixed DMAT routes, relief supplies were allocated among DPs in order to perform
medical services to patients. Lei et al. (2015) extended Lee et al.’s (2013) model and designed
an effective Rolling Horizon (RH) heuristic to solve the problem. Similarly, Afshar and
Haghani (2012) developed a mathematical model to solve a post-disaster humanitarian
logistics operations problem based on FEMA’s logistics network. Yi and Kumar (2007)
proposed an ant colony based metaheuristic algorithm to simultaneously solve the relief
supply distribution problem and disaster victim evacuation problem. Randomly generated
data were used to test the solution quality and the proposed algorithm was shown to be
efficient. Nolz et al. (2010) integrated the variable neighborhood search and path re-linking
into a non-dominated sorting genetic algorithm for water distribution in disaster relief.
Özdamar and Demir (2012) studied a large-scale distribution and evacuation problem in the
response phase of disasters. A hierarchical clustering and routing algorithm was proposed,
where different DPs were grouped into clusters and exact vehicle routing solutions were
derived for these clusters. In Najafi et al.’s (2013) study, a multi-objective robust optimization
model was designed to solve a logistics planning problem in the response phase

of an earthquake. Wex et al. (2014) applied a Monte Carlo-based heuristic that combined
eight construction heuristics and five improvement heuristics to allocate the rescue units in
response to a natural disaster. Ferrer et al. (2016) incorporated uncertainties and reliabilities
into a last-mile disaster relief distribution. A case study based on the 2010 Haiti earthquake
was provided. Zhou et al. (2017) was among the first to incorporate the risk of the damaged
road into a dynamic emergency resource distribution problem. The authors proposed
a multi-objective optimization model in a multi-period setting and implemented a
multi-objective evolutionary algorithm to solve the model.
Some other studies focused on scheduling and/or routing issues in the response phase.
Campbell et al. (2008) studied the time minimization problem in a post-disaster phase. The
authors found the solutions in time minimization routing problems are completely different
from those in the cost minimization routing. Halper and Raghavan (2011) designed several
heuristics to solve the mobile facility routing problem, which was defined to determine the
optimal facility routes visiting DPs in disaster areas. Huang et al. (2013) investigated a
problem of determining the optimal vehicle routes covering all communities in a disaster
region with the objective of minimizing the sum of vehicle arrival times. A Tabu search
algorithm was proposed to solve the problem in their paper. Guerrero et al. (2013) combined
an exact approach and a local search heuristic to solve a deterministic inventory routing
problem in the response phase of a disaster. Moreno et al. (2016) studied the integration of
facility location, transportation and fleet sizing decisions under uncertainty in a multi-period
and multi-commodity disaster management setting. Reusing vehicles options were
considered to cover extra routes, and relax-and-fix and fix-and-optimize heuristics
were developed to solve the models. Sung and Lee (2016) modeled an emergency medical
resource allocation problem encountered in a mass casualty incident as an ambulance
routing problem, and solved it by a column generation-based algorithm. In most of the
aforementioned studies, heuristics are widely used to solve these problems because optimal
solutions cannot be found within a reasonable timeframe.
2.3 Research gaps and contributions of the proposed research
From the above literature review, two main gaps can be identified. The first one is that very
few studies considered personnel or team scheduling while such issue has attracted the
attention of practitioners (www.hsdl.org/?view&did=779616, Retrieved on September 21,
2017). The second is that most work has only focused on the distribution or scheduling of only
one type of resources, i.e. either relief supplies or personnel (e.g. DMAT, rescue unit, mobile
clinic, ambulance, etc.). Coordination or integration of more than one type of resources has
been largely ignored in literature. To address these research voids, this paper contributes to
the literature in the following aspects: team routing and scheduling are considered as decision
variables rather than predetermined inputs as assumed in Lei et al. (2015); the DMAT’s
scheduling and relief supplies distribution are considered simultaneously, and a MIP model is
established; a novel two-stage hybrid metaheuristic method is developed to solve the MIP
model; an extensive computational study as well as a numerical example based on the 2016
Kyushu Earthquake in Japan is used to test the effectiveness and efficiency of the proposed
methodology; and the proposed methodology can be used as a decision support tool for
government agencies and NGOs to manage the relief resources after disasters.
3. Problem statement and MIP model
3.1 Problem statement and assumptions
A key assumption made in the modeling approach of Lee et al. (2013) and Lei et al. (2015)
was that the DMAT scheduling/routing was predetermined. In this study, we relax this
constraint and develop a new MIP model to formulate the integrated DMAT scheduling and
relief supply distribution problem. The purpose and benefit of considering both team
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scheduling and supply distribution is to better coordinate the allocation of different types of
limited resources in disasters.
Our research problem features a two-stage supply network. The upper stage includes
two parts: a set of DCs (e.g. government or NGO owned warehouses), and one medical center
(MC) (e.g. a large hospital). In practice, one physically located MC enables easier facilitation
of management and scheduling. This assumption can also be verified in some other
published articles such as Afshar and Haghani (2012), Rodríguez-Espíndola et al. (2018),
Sung and Lee (2016) and Yang et al. (2017). The lower stage consists of a set of DPs in the
disaster affected area (e.g. hospitals, shelters, doctor offices, etc.). This two stage structure
can also be verified in literature (e.g. Özdamar and Demir, 2012; Huang et al., 2013;
Najafi et al., 2013; Lee et al., 2013). Assumptions about the entities in the upper and lower
stages are described below:
(1) The DCs are either warehouses that store pre-positioned relief supply inventories, or
supply chain intermediaries that consolidate or dispatch medical commodities
received from upstream suppliers. In the latter case, relief supplies are often
produced and delivered in large orders to DCs, who then distribute them in smaller
orders to DPs. Thus, we assume that each DC receives a certain number of batch
orders of supplies from upstream suppliers, and that each order has a capacity and
an arrival time. There is also a shipping time from a DC to a DP, which is
proportional to their corresponding distance.
(2) The MC serves as the starting and ending point of a set of DMATs. These DMATs
must visit and provide medical services to a set of DPs where beneficiaries are
located. The team transportation time between any pair of DPs (and between MC
and DP) is proportional to their corresponding distance.
(3) Each DP triggers a certain demand of relief and medical supplies that can be
fulfilled by multiple DCs. Each DP also requires medical services in which the
service operation time (duration) is proportional to the total number of
beneficiaries in that DP. One DP can only receive medical services from one
DMAT. After A DMAT completes their service operations at one DP, the team
members can travel to another DP in the disaster area or they may just return to
the MC. The medical service at a certain DP can only be initiated after
the corresponding relief demand is fully met – that means both DMAT and
medical supply must be available before service starts. That being said, the service
starting time for any DP is determined by the latest arrival time of medical
supplies and the DMAT that is scheduled to visit that DP.
3.2 Objective function selection
The objective function is to minimize the total service completion time at all DPs. HolguinVeras et al. (2013) discussed the selection of appropriate objective functions for post-disaster
humanitarian logistics models. Since cost is often a secondary consideration after disasters,
disaster relief and service delivery time become the main objective in humanitarian logistics
operations. The authors indicated that rapidness was one of the most important factors that
needed to be considered. Therefore, we selected time as the measure of the objective
function. Huang et al. (2012) argued that equity, efficiency, and efficacy should be reflected
in post-disaster humanitarian logistics. According to this statement, we chose the total
completion time as the objective function because: equity is achieved since all DPs are
incorporated no matter their demand is large or small; efficiency is achieved since
time minimization implies most rapid aid distribution and rescue; and efficacy is achieved
since all services are completed for a DP.

In sum, our research problem is to allocate relief supplies from the DCs to the DPs and to
determine the DMAT visiting routes so that the total service completion time among all the
DPs is minimized. A representative network consisting of two DCs, nine DPs, and two teams
is shown in Figure 1. The background graph is the eastern area of North Carolina, USA,
which was struck by Hurricane Matthew in 2016.
The problem notations and the MIP model are formally defined in Section 3.3 below.
3.3 MIP model
P : Min

X
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ðt h þsh Þ

(1)

hAH

s.t:

XX

Qkjh ¼ Dh ; 8hAH

(2)

k A K j A Ok

X

Qkjh pC kj ; 8kA K; j A Ok

(3)

hAH

Qkjh pykjh C kj ; 8k AK; j AOk ; hA H
X X

H xih0 h ¼ 1; 8hA H

(4)
(5)
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Source: Google map
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Graphical example of
the research problem
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xi0h p1; 8i A I

(7)

hAH


lkj þokh ykjh pt h ; 8kA K; j A Ok ; hA H

(8)



t h0 þsh0 þth0 h L 1xih0 h pt h ; 8h; h0 A H ; i A I

(9)

t0h  Lð1xi0h Þ pt h ; 8hA H ; i A I

(10)

t h X0; Qkjh X0; xihh0 A f0; 1g; ykjh A f0; 1g; 8i A I ; kA K; j A Ok ; h; h0 A f0g[H

(11)

Objective function (1) minimizes the total service completion time among all DPs, as
discussed in Section 3.2, which is equivalent to minimizing the total service starting time
among all DPs because the service duration time, sh, is a given number for all h∈H.
Constraints (2) ensure the demand of relief medical supply at DP h to be fully met.
Constraints (3) are the batch order capacity constraints, i.e. supply quantities of all
shipments from the jth order of DC k cannot exceed the order’s capacity. Constraints (4)
indicate that whenever there is a shipment flow from the jth order of DC k to DP h, i.e.
Qkjh W 0, ykjh must be 1. Constraints (5) ensure that each DP must be visited and served by
exactly one DMAT. Constraints (6) are the flow balance constraints at each DP and MC.
Constraints (7) show that each DMAT can visit at most one DP immediately after
departure from the MC. Constraints (8) present that the service starting time at DP h
should be no earlier than the latest supply order arrival time among all of those DCs that
serve the DP. Constraint sets (9) guarantee that the service starting time at DP h should be
no earlier than the departure time from the previous DP, h', plus the traveling time of a
DMAT from DP h' directly to DP h. Note that constraints (9) also serve as the subtour
elimination constraints. Constraints (10) mean that if team i serves DP h then the service
starting time at DP h should be no earlier than the traveling time from MC to the DP.
Constraints (11) are definitions and ranges of variables.
3.4 Structural analysis
The NP-hardness of P can be easily determined due to the involvement of routing
constraints (5)-(7). Even without routing issues, the reduced problem is also strongly NP
hard (Lee et al., 2013). Therefore, exact solutions of P are generally difficult to find.
However, if we can decompose P into sub-problems that have a less complex structure,
then near-optimal solutions of P can be obtained heuristically by combining the exact or
sub-optimal solutions of these sub-problems. The following two propositions provide a
way to reduce the complexity of P:
P1. If the relief medical supply allocation/distribution is not considered, the resulting
problem (we call it P1) is equivalent to the time dependent vehicle routing
problem (TDVRP).
Proof. If medical supply distribution is not involved, then P1 can be defined by the
following equation:
X
ðt h þsh Þ
(12)
P1: Min
hAH

s.t:

X X

xih0 h ¼ 1; 8hA H

(13)

i A I h0 A f0g[H

X

xihh0 ¼

h0 A f0g[H

X

xih0 h ; 8hA H [f0g; i AI

(14)

h0 A f0g[H

X

xi0h p1; 8i A I

(15)

hAH



t h0 þsh0 þth0 h L 1xih0 h pt h ; 8h; h0 AH ; i AI

(16)

t0h  Lð1xi0h Þpt h ; 8h AH ; i A I

(17)

t h X0; xihh0 A f0; 1g; 8i A I ; h; h0 A f0g[H

(18)

This is equivalent to the TDVRP defined in Malandraki and Daskin (1992). The TDVRP is
an NP-hard problem:
◼
P2. When the routes of all DMATs are given (or predetermined), the resulting problem
(we call it P2) is a special case of the main research problem (we call it P3) studied in
Lei et al. (2015).
Proof. P2 can be defined by the following equation:
X
ðt h þsh Þ
P2: Min

(19)

hAH

s.t:
XX

Qkjh ¼ Dh ; 8hAH

(20)

k A K j A Ok

X

Qkjh pC kj ; 8kA K; j A Ok

(21)

hAH

Qkjh pykjh C kj ; 8k AK; j AOk ; hA H

(22)


lkj þokh ykjh pt h ; 8k AK; j AOk ; hA H

(23)

t h0 þsh0 þth0 h pt h ; 8h; h0 ; i A I ; if h is visited right after h0 by team i

(24)

t0h p t h ; 8hA H ; i AI ; if h is served by team i as the first DP

(25)

t h X0; Qkjh X0; ykjh A f0; 1g; 8i A I ; k A K; j A Ok ; h AH

(26)



The definition of P3 is to minimize the total tardiness among all DPs with the team routes
given as a priori. There are two differences between P2 and P3. First, the objective
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functions are different, the one in P2 is to minimize the total completion time, while the one
in P3 is to minimize the total tardiness given the service due dates for all DPs. Second,
P3 contains multiple MCs (the authors called them “medical bases”), while P2 only
considers one MC. However, P2 is simply a special case of P3. This is because when all due
dates for DPs in P2 are zeros, the tardiness at each DP is exactly the service completion
time. Thus, in this case minimizing the total completion time is equivalent to minimizing
the total tardiness. Second, when all MCs in P3 are located at the same place, they become
one MC immediately. So P2 is equivalent to the special case of P3 when all due dates are
zeros and all MCs have the same address.
◼
4. A two-stage hybrid metaheuristic
This section describes the solution methodology that is used to find feasible and
near-optimal solutions of P. According to P1, if we remove all the medical supply-related
constraints, the resulting problem, P1, is TDVRP. Many known heuristics in literature can
be used to find feasible solutions for TDVRP (Malandraki and Daskin,1992; Campbell et al.,
2008). Then according to P2, once the routes of all DMATs are feasibly determined in P1, the
resulting problem P2 can be solved near-optimally using the RH heuristic designed in
Lei et al. (2015). The RH method was proved to be very effective (less than 5 percent
optimality gap) and efficient (within a few minutes). Based on this idea, we develop a
two-stage hybrid metaheuristic. In the first stage, we first remove the medical supply
distribution constraints, then apply a modified Artificial Bee Colony (ABC) algorithm
(Karaboga, 2005) to find feasible solutions (team routes) of P1. In the second stage, we apply
the RH algorithm to heuristically solve the remaining problem, P2. Finally, the solutions
obtained in both stages are combined as a solution of P. The details regarding how different
schemes work in this two-stage algorithm are elaborated in the following subsections.
4.1 The ABC algorithm
The original ABC method was developed by Karaboga (Karaboga, 2005) to solve complex
combinatorial optimization problems. The algorithm is a stochastic population-based
optimization metaheuristic that simulates the foraging behavior of a honeybee colony. It has
been successfully implemented in many application domains. Karaboga and Gorkemli
(2011) applied ABC algorithm in solving traveling salesman problems. Szeto et al. (2011)
designed an enhanced ABC algorithm to solve the capacitated vehicle routing problem. Lin
and Ying (2013) proposed an ABC-based algorithm to solve the single machine scheduling
problem with release dates and sequence-dependent setup times. ABC algorithm was chosen
as part of our solution methodology due to its lower computation burden in solving VRP
type of problems than most other metaheuristics, for example Ant Colony Optimization,
Genetic Algorithm, and Particle Swarm Optimization (Karaboga et al., 2014). Thus, it is
expected that ABC can provide feasible routing sequences for DMATs in good quality and
in a short time. The working scheme of the original ABC algorithm is summarized below.
A honeybee colony consists of employed bees, onlooker bees, and scout bees. The three
groups of bees mutually undertake the work and closely cooperate with each other. Each
employed bee searches the food around a food source, carrying the information and sharing it
with the onlooker bees. The onlooker bees receive the information from the employed bees,
select one among multiple food sources, and further exploit food around the selected
food source. The scout bees always search new food sources. In the ABC algorithm, each food
source represents a feasible solution to the problem, denoted by a multi-dimensional vector.
The nectar amount (fitness value) of a food source indicates the quality of the corresponding
solution. The initial population is often randomly generated. In the employed bee phase, a
candidate food source can be generated from its current food source, and a greedy selection is
made between the old food source and the new one. In the onlooker bee phase, each onlooker

bee selects a food source depending on a probability of fitness value which is a function of the
nectar amount of the food source. After selecting the candidate, a new solution is generated.
In the scout phase, a food source is abandoned if it cannot be improved through a “limit”
number of cycles, and the corresponding employed bee becomes a scout. A new food source
would be generated to replace the abandoned one. The iterative process will continue until
the stopping criterion (e.g. maximum cycle number) is met. Sections 4.1.1 to 4.1.5 discuss the
details of how the original ABC is modified to solve our problem in the first stage.
4.1.1 Route sequence (solution) representation. The natural number coding scheme is
adopted in the solution representation. According to the MIP model, |H| is the number of
DPs and|I| is the number of DMATs. A solution can be defined as a matrix with |I| rows
and |H| columns, with each row representing a team sequence. A solution instance, S1, is
illustrated in Table I with |H| ¼ 10 and |I| ¼ 2.
In S1, the first row (3, 6, 5, 10, 7, 2), represents the route sequence of Team 1, starting from
the MC, successively visiting DPs 3, 6, 5, 10, 7, 2, and finally returning to the MC. Empty
elements in a row indicate the corresponding team does not visit any DPs in those positions,
i.e. the team returns to the MC after visiting the last non-empty element.
4.1.2 Initial routes generation. Initial routes are created by LP relaxation and insertion,
which is different from the simple random generation method used in literature:
•

Step 1: Relax all binary variables of P, i.e. xihh' and y kjh
8i A I ; k AK; j AOk ; h; h0 A f0g[H from {0, 1} to [0, 1]. The resulting problem
(we call it P4) becomes a linear programming with no integer variables. P4 can then
be solved by a commercial software in a very short timeframe.

•

Step 2: After P4 is solved, all values of variables but th are discarded. Next, all DPs are
sorted by the values of th in an increasing order, and then a sequence of DPs is
formed. Select the first |I| DPs in the sequence, and assign each DP randomly to a
DMAT. Note that they cannot share a team. Thus, each one of these DPs is the very
first visiting node of a team.

•

Step 3: Select the next |I| DPs in the sequence. For the first DP in this sequence, find its
nearest θ DPs in the last sequence, where θ is a parameter of the algorithm, and θ⩽|I|.
Then, this DP is inserted into one of the θ team routes where the θ DPs are in, based on a
certain probability. We can set the probabilities for the θ nearest DPs as p1 for
Pthe nearest
one, p2 for the second nearest one,…, and pθ for the θth nearest one, where yi¼1 pi ¼ 1.
For the second DP in this sequence, find its nearest θ DPs in the last sequence excluding
the one selected by the first DP. The second DP is inserted into one of the θ team routes
where the θ nearest DPs are in, based on the same probability. The procedure is repeated
until all the DPs in this sequence are assigned to a team. An initial solution is created
now. This generation rule assigns the DPs evenly among different team routes, serving
as a good starting point. Figure 2 gives an illustration of the initial route selection.
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The ABC algorithm requires an initial population that contains SN possible solutions
(routes in our case) to be generated. We can generate the initial population by repeating the
above procedure (Step 1-Step 3) SN times.
We will compare the computational results between random generation method and LP
relaxation based method in Section 5.

Team 1
Team 2

3
8

6
1

5
4

10
9

7

2

Table I.
A solution instance,
S1, with |H| ¼ 10
and |I| ¼ 2
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Initial Routes
after Assignment
Figure 2.
Example of the initial
route selection

Team 1 Route

3

6

Team 2 Route

7

2

Team 3 Route

4

1

5

4.1.3 Fitness function. The fitness of a feasible solution is a function of the objective
function value of the solution. Given a solution Xi, i.e. a set of feasible routes for all teams,
recall that the resulting problem is P2(X i). Here two approaches are used to generate an
approximate objective value of P2(X i):
(1) Use LP relaxation. Relax all binary variables in P2(X i), and solve the LP relaxation
problem using the commercial solver.
(2) Simply use the total completion time across all DPs based on model P1 with the
given routes.
The corresponding objective function value obtained by the RH algorithm is defined as Ti,
representing the total completion time. We can then define the fitness function value as fiti
¼ 1/(1 + Ti) since our problem is a minimization one. Thus, a better solution always
corresponds to a higher fitness value. We aim at finding the optimal routes for all teams in
this stage that are also the optimal routes in P. Since the fitness function values are
calculated repeatedly for many times in the algorithm, a complicated form will adversely
slow down the algorithm. The abovementioned two approaches are selected because both
require only linear time to generate fitness values. To see the impact of the fitness function
selection, we evaluate both methods in the computational experiments.
4.1.4 Neighborhood operators. In the ABC algorithm, a neighborhood solution (food
source) is generated by an employed bee near the current solution. In this paper, a series of
different neighborhood operators are chosen. Whenever a new solution needs to be
generated, each of the following four neighborhood operators are applied to the incumbent
solution (see Table II for illustrations):
(1) Swap: the operator randomly swaps the position of any two different DPs in the
solution matrix. Here, the two DPs can be either in the same team route or in different
team routes. An example applying the Swap operator to S1 is shown in Table II(a).
(2) Insertion: this operator randomly selects a DP from a team route, and inserts it to a
new position. The position can be in the original route or in a different route.
An example applying the Insert operator to S1 is shown in Table II(b).
(3) 2-OPT: the operator deletes two arcs in one team route, and then adds two new arcs
to construct a new route for the same team. An example applying the 2-OPT
operator to S1 is shown in Table II(c).

(4) Random: the operator randomly selects some routes and rebuilds them. An example
of applying the Random operator to S1 is shown in Table II(d).
The four newly obtained solutions are evaluated by the fitness function. The new solution
with the highest fitness value, X’, is compared with the current solution, X. If fiti(X ')⩾fiti(X),
then X is replaced by X’ in the solution population. Otherwise, X is retained.
4.1.5 The onlooker phase and the scout phase. During the onlooker
phase, an onlooker
P
bee selects a solution (food source) with probability, Pi ¼ fiti = SN
fit
j , where SN is the
j¼1
population size. It is obvious that the solution with a higher the fitness value has a higher
probability to be selected. After the candidate is selected, a new solution is generated by the
neighborhood operators discussed in Section 4.1.4.
In the scout phase, when a solution cannot be improved through a “limit” number of
trials, this solution is abandoned and the corresponding employed bee becomes a scout bee.
A new solution will be generated randomly to replace the abandoned one.
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4.2 The RH algorithm
Since all team routes determined in Stage 1, the RH algorithm is then used to solve the
relief supply distribution problem (P2). It is also a decomposition based method, which
calls a commercial solver (CPLEX or GUROBI) to solve a sub-problem consisting of only
two orders from all DCs and a few DPs each time. This decomposition allows the solver to
find optimal solutions to these small-sized sub-problems within seconds. A feasible
solution to P2 is obtained after all sub-problems are solved. Finally, the feasible
solutions are improved by iterations. A near optimal solution is derived at the end of the
RH algorithm.
The algorithm begins by obtaining an initial ordered sequence of DPs from LP
relaxation. When all ykjh’s are relaxed from {0, 1} to [0, 1], the whole model can be solved by
the commercial solver in seconds because it is again a linear programming model. All DPs
are sequenced by the increasing order of th’s, which are derived from LP relaxation
solutions. Then, we enter the iterative process.
In the first iteration, select the first two orders of relief supplies from all DCs, and
calculate their total capacity, assuming it is Q1. Select the first m1(m1⩽|I|) DPs in the initial
sequence such as the total demand quantity of the first m1 DPs does not exceed Q1, but the
total demand quantity of the first (m1 + 1) DPs does. Then we can form a sub-problem
consisting the first two orders from all DCs and the first m DPs. Note that the route sequence
order of these DPs must be retained. This sub-problem has a significantly smaller
size comparing to P2. After we obtain solutions from the first sub-problem of this iteration,
we fix all the supply allocations for the first orders in all DCs and remove the first orders
from further consideration. Among the first m1 DPs, if anyone’s demand has been fully met,
then that DP is also removed from further consideration. Meanwhile, we must also update
the demand for those DPs whose demand is partially filled by the first orders of all DCs. In
this case, we use the remaining demand to replace the original demand for those DPs. Next,
we relax the supply allocations of the second orders in all DCs and release these orders to the
next sub-problem. The second sub-problem contains the second and the third relief supply
(i) Swap
(ii) Insertion
5
10
7
2
3
6
5
10
4
9
8
1
7
4
(iii) 2-OPT
(iv) Random
3
7
10
5
6
2
3
6
5
10
8
1
4
9
4
8
9
1
Note: Italic values means the DPs that are changed under the four neighborhood operators

1
8

6
3

2
9
7

2

Table II.
Four operators
applied to instance
S1 in Table I
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orders of all DCs and another subset of DPs that contains all DPs whose demand is not fully
met and the next few DPs from the initial sequence. Assume that the total supply capacity of
the second and the third orders in all DCs is Q2, and that the total number of DPs in the
second sub-problem is m2. Again, the rule of determining m2 is that the total demand
quantity of the first m2 DPs in the remaining sequence does not exceed Q2, but that the total
demand quantity of the first (m2 + 1) DPs does. Now that the second sub-problem is formed
and thereafter can be solved. Repeat this process until either all the DPs in the sequence are
removed, i.e. their demands are fulfilled. The first iteration is completed, and a feasible
solution is obtained. We can now derive a new ordered sequence of DPs according to their
new th’s values.
In the next iteration, we repeat the abovementioned procedure, but use the new DP
sequence to replace the initial one. The objective function value obtained in this iteration is
compared with the one obtained in the first iteration. If there is any improvement, the
iteration process continues. Otherwise, the iteration terminates and the solutions in the last
iteration are retained as the final solutions.
Figure 3 gives a flowchart of the two-stage hybrid metaheuristic algorithm.
5. Computational results
5.1 Test instances and ABC algorithm parameters
The purpose of the numerical studies is to test the effectiveness and efficiency of the
proposed metaheuristic in different variations and to select the best one. The test
instances and data were generated based on the hypothetical network reported in Lei et al.
(2015). A 50-mile×50-mile square area was considered as the natural disaster affected
zone. Thus, all DCs, DPs and the MC are located within this area. The coordinates of these
locations were randomly generated with each coordinate following a uniform distribution
between 0 and 50. The relief supply shipping time and DMAT traveling time between any
pair of nodes were calculated by their Euclidean distance divided by a velocity of 25 miles
per hour due to poor road conditions after natural disasters. The size of problem instances
is determined by the number of DPs, the number of DCs, and the number of DMATs. The
number of DPs was set to be 20, 30, 40, 50, 60. The number of DCs was set to be 2, 3, and 4.
The number of DMATs was set to be 3, 4, 5. Note that we did not consider any network
with more than 60 DPs, 4 DCs, and 5 DMATs mainly because the benchmark software we
chose, GUROBI, consistently failed to find feasible solutions for large-size instances within
several CPU hours, which makes the comparison between our methodology and the
benchmark software impractical. In addition, due to the scarcity of resource availability
during post-disasters, the numbers of DCs and DMATs are normally small in practice
(Krol et al., 2007). However, we must point out that the allocation of the DMATs also
depends on the severity of disaster impact. For large-scale natural disasters where the
number of DPs is significantly high, governments tend to dispatch more DMATs into
the fields (Arziman, 2015). The proposed algorithm, however, is still able to provide
effective solutions within an hour in this scenario.
For the other initial data, the number of orders at each DC was identical, and determined
by |H|/|K|, the ceiling of |H|/|K|. The medical supply demand for each DP, Dh, was randomly
sampled from a uniform distribution between 200 and 1,000 units. The order capacity, Cjk,
was following a uniform distribution between 1,000 and 1,500 units. This way ensures the
total demand of all DPs can be fully covered by the total supply quantity. Note that in some
cases, the total demand could be fulfilled using only first few orders from DCs. The first
order arrival time for any DC, λk1, was generated by a uniform distribution between 0 and 6
hours. Then for all the remaining orders, the time between two consecutive orders in the
same DC was determined by a uniform distribution between 6 and 12 hours. The medical
service time at some DP should be proportional to its demand. So sh was determined by a
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Place the onlooker bees on solutions based on fitness probabilities,
and do neighborhood search to exploit new solutions. Evaluate the
fitness values of all new solutions
No
Improvement in limit cycles?
No

Send the scouts to the
search area to discover new
solutions and memorize the
best solution so far

Yes
Satisfy terminal condition?
Yes
Terminate the search and return the best feasible routes

Fix the routes obtained by the ABC, formulate an instance of P2, and
obtain an initial sequence of DPs by LP relaxation

Construct and solve a sub-problem with the next two orders from all
DCs and the next m DPs in the sequence

Fix the medical supply distribution for order in the first orders, and
release the second orders back for the next iteration.
Update the starting times at DPs which are fully served by those first
orders, remove these DPs from the sequence, and update the
demand sizes for the remaining DPs
No

Replace the current
sequence by the new one
and update the current
objective function value

Is the current sequence empty?
Yes
Obtain a new sequence and a new objective function value

Yes
Is the new objective value better than the current one?
No
Terminate the search with the current best solution

fraction of the demand, which was set to be Dh/100. All DMATs were allowed to start from
the MC at time zero. Table III summarized the parameters used in the test instances.
There are three main parameters that need to be determined in the preprocessing phase.
SN is population size, G is maximum evaluation number, and limit is the maximum number
of trials before
P a solution is abandoned. We must also determine values for θ and p1, p2, …,
pθ, where yi¼1 pi ¼ 1 in the initial population generation process. In the computational
experiments, the parameter values were selected according to solution quality
(effectiveness) and run time (efficiency). The parameter values used in the preprocessing
phase were SN ¼ 5, 10, 20, 50, G ¼ 10, 20, 50, 100, limit ¼ 100, 200, 250, 500, and θ ¼ 2, 3, 4,
5. After testing 15 randomly generated instances (Lin and Ying, 2013), we selected SN ¼ 5,

Figure 3.
Flowchart of the
hybrid metaheuristic
algorithm
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G ¼ 20, limit ¼ 200, and θ ¼ 3. Meanwhile, we randomly generated values for p1, p2, …, pθ
for each tested value of θ, and observed that there was no significant difference for different
values of p1, p2, …, pθ. Finally, we chose p1 ¼ 50 percent, p2 ¼ 35 percent and p3 ¼ 15
percent. The abovementioned values are used as the ABC algorithm parameters in all the
other computational testing instances.
The proposed hybrid metaheuristic and MIP models were coded in Matlab, the MIP and
LP relaxation models were solved by GUROBI version 6.0.5. The computational
experiments were carried on an iMAC desktop with a quad-core Intel Pentium 2.99 GHz
processor and 8 GB RAM, running OS X EI Capitan system.
5.2 Test results and analysis
In addition to the preliminary testing instances, we performed the computational tests on 45
problem instances in different network sizes. The number of combinations of the network
sizes in the problem instances is 45 ¼ 5 × 3 × 3, i.e. 5 sizes of DPs (20, 30, 40, 50, 60), 3 sizes
of DCs (2, 3, 4), and 3 sizes of teams (3, 4, 5). In addition, in Section 4.1.2, we introduced two
different methods of generating initial population of solutions in the ABC. The first one is to
utilize LP relaxation, while the second is random generation. We call the first method
Initial 1, and the second Initial 2 in the testing scenarios. Both methods were implemented
and compared on the same 45 instances in Tables IV and V. Furthermore, in Section 4.1.3,
we discussed two fitness function expressions, with one in an LP relaxation format and the
other in a simple total completion without considering relief supply distribution impacts.
Similarly, we call the first fitness expression Fitness 1, and the second Fitness 2.
We compared the results on the same 45 instances between the two expressions in Tables IV
and VI. For each instance, we apply GUROBI, Hybrid (1, 1) (meaning the ABC based hybrid
metaheuristic with Initial 1 and Fitness 2), Hybrid (2, 1), and Hybrid (1, 2) to solve it
separately. In Tables IV-VI, the first column represents the size of problem instances, the
second column reports the objective function values of testing instances obtained by
GUROBI within 3,600 CPU seconds (this time limit can be verified in many other reports
such as Lin and Ying (2013) and Lei et al. (2015)), the third column reports the GUROBI run
times used to obtain the results in the second column, the forth column reports the objective
function values of testing instances obtained by our proposed two-stage hybrid
metaheuristic, the fifth column reports the hybrid algorithm run times used to obtain the
results in the fourth column, and finally the sixth column reports the gap of objective
function values between GUROBI and three variants of the hybrid methods. The gap is
defined by Gap ¼ THybrid −TGUROBI/TGUROBI ×100%, where TGUROBI represents the
objective function value derived using GUROBI solver and THybrid means the objective
value obtained by our algorithm.
Analysis 1. Hybrid (1, 1) vs GUROBI. The Hybrid (1, 1) algorithm has an average gap of
−4.44 percent comparing with GUROBI solutions. Out of the 45 problem instances, there are
Parameters

Table III.
Parameters value
ranges in the test
instances

|H|
|K|
|I|
|Ok|
Dh
sh
Ckj
λkj

Value ranges
10, 20, 30, 40, 50
2, 3
3, 4, 5
|H|/|K|
Uniform (200, 1,000)
Dh/100
Uniform (1,000, 1,500)
Uniform (6, 12) for time interval between two orders

Group No. 1
Problem size
(DP, DC, Team)
(20, 2,
(20, 2,
(20, 2,
(20, 3,
(20, 3,
(20, 3,
(20, 4,
(20, 4,
(20, 4,
(30, 2,
(30, 2,
(30, 2,
(30, 3,
(30, 3,
(30, 3,
(30, 4,
(30, 4,
(30, 4,
(40, 2,
(40, 2,
(40, 2,
(40, 3,
(40, 3,
(40, 3,
(40, 4,
(40, 4,
(40, 4,
(50, 2,
(50, 2,
(50, 2,
(50, 3,
(50, 3,
(50, 3,
(50, 4,
(50, 4,
(50, 4,
(60, 2,
(60, 2,
(60, 2,
(60, 3,
(60, 3,
(60, 3,
(60, 4,
(60, 4,
(60, 4,

3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)

GUROBI solver solution
Objective value
Run time (s)
1,066.42
703.70
833.82
687.54
514.04
472.45
512.12
611.12
450.32
2,065.80
2,053.20
1,688.32
1,139.60
1,169.20
1,368.90
945.78
1,344.20
858.38
3,292.00
2,316.55
2,173.64
2,263.99
2,143.99
2,290.42
1,845.42
1,970.98
2,810.40
4,752.44
4,607.63
4,533.28
4,294.01
3,218.86
3,476.37
3,304.08
2,299.42
2,611.37
8,876.25
10,529.78
7,844.45
6,851.01
4,622.94
3,814.94
5,512.80
6,875.13
6,478.89

2,511.30
3,600.00
2,925.06
1,467.33
3,600.00
3,318.56
3,152.50
3,600.00
2,727.01
3,099.10
3,600.00
3,600.00
1,780.30
3,600.00
3,600.00
2,331.97
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,115.69
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00

Hybrid (1, 1) solution
Objective value
Run time (s)
Obj. gap (%)
1,075.51
728.73
833.82
693.25
506.05
497.34
522.25
611.26
464.74
2,148.10
1,927.25
1,531.16
1,142.22
1,288.42
1,381.74
1,015.50
1,337.40
866.19
3,373.90
2,556.30
2,329.24
2,089.20
1,904.10
2,405.90
1,856.30
1,852.90
1,652.80
4,788.20
4,978.40
4,312.90
3,702.10
3,285.46
3,417.70
3,078.60
2,159.60
2,585.72
8,020.60
7,060.20
6,789.30
5,633.84
4,605.90
3,930.20
4,997.40
4,673.14
3,541.70

21.34
22.11
19.84
21.02
22.29
25.35
18.60
24.39
20.76
71.54
86.79
92.81
87.05
95.89
99.07
63.03
87.08
500.02
287.98
292.70
335.46
276.27
326.28
503.28
273.93
338.44
2,279.42
797.91
578.44
540.92
555.11
656.88
585.46
572.48
585.80
994.34
1,662.99
1,323.47
1,603.11
1,595.74
1,211.25
1,725.89
1,297.92
1,699.79
1,669.50
MAX GAP ¼
MIN GAP ¼
AVG GAP ¼
STD GAP ¼

0.85
3.56
0.00
0.83
−1.55
5.27
1.98
0.02
3.20
3.98
−6.13
−9.31
0.23
10.20
0.94
7.37
−0.51
0.91
2.49
10.35
7.16
−7.72
−11.19
5.04
0.59
−5.99
−41.19
0.75
8.05
−4.86
−13.78
2.07
−1.69
−6.82
−6.08
−0.98
−9.64
−32.95
−13.45
−17.77
−0.37
3.02
−9.35
−32.03
−45.33
10.35
−45.33
−4.44
12.43

22 instances where solutions obtained by Hybrid (1, 1) outperform those obtained by
GUROBI (thus they have negative gap values). The maximal run time for Hybrid (1, 1) was
2,279.42 CPU seconds, where GUROBO only solved 10 instances out of 45 within the given
time limit, 3,600 seconds. For instances with smaller sizes (less than 30 DPs), Hybrid (1, 1)
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Table V.
Numerical results
comparison between
GUROBI and
Hybrid (2, 1)

Group No. 2
Problem size
(DP, DC, Team)
(20, 2,
(20, 2,
(20, 2,
(20, 3,
(20, 3,
(20, 3,
(20, 4,
(20, 4,
(20, 4,
(30, 2,
(30, 2,
(30, 2,
(30, 3,
(30, 3,
(30, 3,
(30, 4,
(30, 4,
(30, 4,
(40, 2,
(40, 2,
(40, 2,
(40, 3,
(40, 3,
(40, 3,
(40, 4,
(40, 4,
(40, 4,
(50, 2,
(50, 2,
(50, 2,
(50, 3,
(50, 3,
(50, 3,
(50, 4,
(50, 4,
(50, 4,
(60, 2,
(60, 2,
(60, 2,
(60, 3,
(60, 3,
(60, 3,
(60, 4,
(60, 4,
(60, 4,

3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)

GUROBI solver solution
Objective value
Run time (s)
1,066.42
703.70
833.82
687.54
514.04
472.45
512.12
611.12
450.32
2,065.80
2,053.20
1,688.32
1,139.60
1,169.20
1,368.90
945.78
1,344.20
858.38
3,292.00
2,316.55
2,173.64
2,263.99
2,143.99
2,290.42
1,845.42
1,970.98
2,810.40
4,752.44
4,607.63
4,533.28
4,294.01
3,218.86
3,476.37
3,304.08
2,299.42
2,611.37
8,876.25
10,529.78
7,844.45
6,851.01
4,622.94
3,814.94
5,512.80
6,875.13
6,478.89

2,511.30
3,600.00
2,925.06
1,467.33
3,600.00
3,318.56
3,152.50
3,600.00
2,727.01
3,099.10
3,600.00
3,600.00
1,780.30
3,600.00
3,600.00
2,331.97
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,115.69
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00

Hybrid (2, 1) solution
Objective value
Run time (s)
Obj. gap (%)
1,413.05
829.61
1,055.34
927.15
588.84
497.34
698.30
696.70
842.83
2,551.06
2,102.86
1,804.35
1,205.31
1,596.76
1,381.74
985.34
1,602.11
1,054.57
3,018.93
3,959.61
2,492.96
2,702.73
2,194.54
2,660.80
2,313.36
3,037.75
2,320.38
5,597.36
4,741.51
4,405.49
4,187.17
3,944.48
3,811.15
3,535.38
3,098.03
2,830.50
10,017.96
9,776.11
8,482.37
6,303.31
5,295.67
3,890.57
5,820.66
6,306.77
5,759.29

21.02
21.84
20.31
18.55
20.76
75.81
22.56
24.51
110.77
74.44
86.13
90.41
91.27
98.29
95.15
55.65
84.01
397.88
295.33
263.16
338.35
273.53
310.02
498.44
275.10
330.92
727.37
791.28
541.69
562.20
558.08
632.30
580.42
581.94
553.13
878.37
1,675.64
1,301.10
762.89
1,581.39
1,473.40
1,601.21
1,298.43
1,639.56
1,569.38
MAX GAP ¼
MIN GAP ¼
AVG GAP ¼
STD GAP ¼

32.50
17.89
26.57
34.85
14.55
5.27
36.35
14.00
87.16
23.49
2.42
6.87
5.77
36.57
0.94
4.18
19.19
22.86
−8.29
70.93
14.69
19.38
2.36
16.17
25.36
54.12
−17.44
17.78
2.91
−2.82
−2.49
22.54
9.63
7.00
34.73
8.39
12.86
−7.16
8.13
−7.99
14.55
1.98
5.58
−8.27
−11.11
87.16
−17.44
15.00
20.39

was able to find good solutions within two minutes. For larger sized instances (with more
than 30 DPs), GUROBI did not return the optimal solutions within one CPU hour except
one case. In general, all cases were solved by Hybrid (1, 1) within 30 minutes with only one
exception. In terms of solution quality, the maximal error gap was 10.35 percent, and Hybrid

Group No. 3
Problem size
(DP, DC, Team)
(20, 2,
(20, 2,
(20, 2,
(20, 3,
(20, 3,
(20, 3,
(20, 4,
(20, 4,
(20, 4,
(30, 2,
(30, 2,
(30, 2,
(30, 3,
(30, 3,
(30, 3,
(30, 4,
(30, 4,
(30, 4,
(40, 2,
(40, 2,
(40, 2,
(40, 3,
(40, 3,
(40, 3,
(40, 4,
(40, 4,
(40, 4,
(50, 2,
(50, 2,
(50, 2,
(50, 3,
(50, 3,
(50, 3,
(50, 4,
(50, 4,
(50, 4,
(60, 2,
(60, 2,
(60, 2,
(60, 3,
(60, 3,
(60, 3,
(60, 4,
(60, 4,
(60, 4,

3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)
3)
4)
5)

GUROBI solver solution
Objective value
Run time (s)
1,066.42
703.70
833.82
687.54
514.04
472.45
512.12
611.12
450.32
2,065.80
2,053.20
1,688.32
1,139.60
1,169.20
1,368.90
945.78
1,344.20
858.38
3,292.00
2,316.55
2,173.64
2,263.99
2,143.99
2,290.42
1,845.42
1,970.98
2,810.40
4,752.44
4,607.63
4,533.28
4,294.01
3,218.86
3,476.37
3,304.08
2,299.42
2,611.37
8,876.25
10,529.78
7,844.45
6,851.01
4,622.94
3,814.94
5,512.80
6,875.13
6,478.89

2,511.30
3,600.00
2,925.06
1,467.33
3,600.00
3,318.56
3,152.50
3,600.00
2,727.01
3,099.10
3,600.00
3,600.00
1,780.30
3,600.00
3,600.00
2,331.97
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,115.69
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00
3,600.00

Hybrid (1, 2) solution
Objective value
Run time (s)
Obj. gap (%)
1,252.48
866.28
1,290.06
717.94
603.62
612.88
563.19
774.17
697.25
2,530.94
2,434.90
1,960.12
1,175.56
1,508.75
1,994.19
1,313.46
1,383.07
970.67
3,373.90
2,872.44
2,507.52
2,284.35
1,904.10
2,657.37
2,811.55
2,393.50
2,538.36
6,005.79
6,018.80
6,933.86
4,555.81
3,607.90
3,512.37
4,101.83
4,259.40
2,585.72
10,544.32
14,300.11
8,581.24
8,313.77
6,253.30
6,104.95
9,660.93
7,877.83
7,412.75

1.08
0.97
0.95
1.21
1.38
2.35
2.19
5.17
4.80
1.37
3.85
8.67
2.83
18.08
14.69
2.82
5.62
40.34
4.24
5.03
5.83
3.97
11.87
32.10
3.96
8.77
174.67
16.14
12.84
43.31
26.79
17.35
65.59
14.68
22.45
160.22
45.86
74.34
134.03
35.95
93.32
145.37
121.81
128.50
286.67
MAX GAP ¼
MIN GAP ¼
AVG GAP ¼
STD GAP ¼

17.45
23.10
54.72
4.42
17.43
29.72
9.97
26.68
54.83
22.52
18.59
16.10
3.16
29.04
45.68
38.88
2.89
13.08
2.49
24.00
15.36
0.90
−11.19
16.02
52.35
21.44
−9.68
26.37
30.63
52.95
6.10
12.09
1.04
24.14
85.24
−0.98
18.79
35.81
9.39
21.35
35.27
60.03
75.25
14.58
14.41
85.24
−11.19
23.61
21.10

(1, 1) consistently returned solutions within a 6 percent error gap if the gap was not
negative. We did test some large sized instances with more than 60 DPs, but we do not
report the results here because Hybrid (1, 1) was able to beat GUROBI in all of these cases.
In addition, in some instances we let GUROBI run 8 CPU hours, which is a much longer time,
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but we did not see any big difference between solutions. In reality, emergency situations do
not allow decision makers to run an optimization software in an arbitrarily long time.
Analysis 2. Hybrid (1, 1) vs Hybrid (2, 1) vs GUROBI. Comparting with Hybrid (1, 1),
Hybrid (2, 1) has a similar run time. In most cases, Hybrid (2, 1) returned the final solution in
a slightly short run time, and hence it also outperformed GUROBI. However, in terms of
solution quality, the maximal error gap for Hybrid (2, 1) was 87.16 percent, and the average
gap was 15 percent. For those instances where the error gap between Hybrid (2, 1) and
GUROBI were positive, 23 instances incurred an error gap of more than 10 percent. In 39 out
of 45 instances, Hybrid (1, 1) returned a lower total completion time than Hybrid (2, 1). Thus,
Hybrid (1, 1) outperforms Hybrid (2, 1) in terms of solution quality.
The first difference between Hybrid (1, 1) and Hybrid (2, 1) is that LP relaxation is used to
generate initial population of solution in Hybrid (1, 1) while Hybrid (2, 1) only uses random
generation method for the initial routes. The second difference between the two is that the DPs
tend to be assigned evenly in the initial routes of Hybrid (1, 1), which is more close to the
routes in the optimal solution and is more likely to reduce the total completion time (Campbell
et al., 2008). Thus, after a fixed number of cycles, Hybrid (1, 1) has a larger probability to
return better solutions than Hybrid (2, 1). The numerical results verify this explanation.
Analysis 3. Hybrid (1, 1) vs Hybrid (1, 2) vs GUROBI. The Hybrid (1, 2) has a much
smaller run time. All instances were solved within five minutes with most cases solved
within one minute. It has a significant advantage in returning fast solutions when used in
disaster and emergency cases. However, this fast response is acquired by sacrificing
qualities. Hybrid (1, 1) returned better solutions than Hybrid (1, 2) in 42 out of 45 instances.
The maximal error gap for Hybrid (1, 2) was 85.24 percent, and the average gap was 23.61
percent. Both were significant larger than Hybrid (1, 1). Comparing with GUROBI solver,
Hybrid (1, 2) only found three better solutions although the run times were much shorter.
The main difference between Hybrid (1, 1) and Hybrid (1, 2) lies in the fitness function.
In Hybrid (1, 1), the LP relaxation form of Problem P2 given a set of feasible routes is used as
the fitness function, while a simple calculation of the total completion time based on Problem
P1 is used in Hybrid (1, 2). The run time of GUROBI solver on the LP relaxation of P2
constituted a majority part of total run time in each testing instance, thus making the Hybrid
(1, 1) run much longer than Hybrid (1, 2). Meanwhile, not surprisingly the objective value of
P2 turns out to be a more accurate measure to guide the algorithm toward the final optimal
solution since P2 incorporates both relief medical supply distribution and the DMAT
scheduling in the model while P1 only considers the latter one.
In summary, Hybrid (1, 1) has the best overall performance in terms of both efficiency
and effectiveness among GUROBI solver and the three variants of the ABC based
metaheuristic. LP relaxation technique has been used in both initial solution generation and
solution guidance approaches, and has been proved to a very powerful tool.
6. A numerical example
In this section, we consider a numerical example based on Kumamoto Earthquake in Japan
in April 2016. We use the two-stage hybrid metaheuristic and GUROBI to obtain solutions of
the numerical example, and the corresponding results are compared. The purpose of this
numerical example is to test the implementation effectiveness of our modeling approach and
the proposed metaheuristic method. An integrated DMAT scheduling and relief supply
distribution problem instance was simulated based on the earthquake data collected from
the internet. According to a search in Google Map, there are 17 hospitals in the Kumamoto
city area in Japan (www.google.com/maps/search/Kumamoto+hospitals+list/@32.7436032,
130.3466462,10z/data=!3m1!4b1?hl=en. Retrieved on June 30, 2016). The names, addresses,
relief supply demands (capacities) of these hospitals are summarized in Table VII.

No. Demand point (Hospital)

Address

1 Kumamoto Medical Center

550

27.5

2

845

42.25

346

17.3

490

24.5

361

18.05

199

9.95

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

1-5 Ninomaru, Chūō-ku, Kumamoto-shi,
Kumamoto-ken 860-0,008, Japan
Kumamoto University Hospital 1 Chome-1–1-1 Honjō, Chūō-ku, Kumamoto-shi,
Kumamoto-ken 860-8,556, Japan
Kumamoto General Hospital
10-10 Tōrichō, Yatsushiro-shi, Kumamoto-ken
866-0,856, Japan
Kumamoto Red Cross Hospital 2 Chome-1–1-1 Nagamineminami, Higashi-ku,
Kumamoto-shi, Kumamoto-ken 861-8,520, Japan
Kumamoto Central Hospital
1 Chome-5 Tainoshima, Minami-ku, Kumamotoshi, Kumamoto-ken 862-0,965, Japan
Kumamoto Shin To General
1 Chome-17-27 Shinyashiki, Chūō-ku,
Hospital
Kumamoto-shi, Kumamoto-ken 862-0,975, Japan
Kikuchi Central Hospital
494 Waifu, Kikuchi-shi, Kumamoto-ken 8611,331, Japan
Koshi Daiichi Hospital
812-2 Miyoshi, Kōshi-shi, Kumamoto-ken 8611,104, Japan
Kawano Hospital
6 Chome-25 Ōe, Chūō-ku, Kumamoto-shi,
Kumamoto-ken 862-0,971, Japan
Araoshimin Hospital
2,600 Arao, Arao-shi, Kumamoto-ken 864-0,041,
Japan
Nishinihon Hospital
3 Chome-20-1 Hattanda, Higashi-ku, Kumamotoshi, Kumamoto-ken 861-8,034, Japan
Kumamotodaiichi Hospital
Tamukaemachi Ōaza Tainoshima, Minami-ku,
Kumamoto-shi, Kumamoto-ken 862-0,965, Japan
Kōyōdai Hospital
Uekimachi Abumida, Kita-ku, Kumamoto-shi,
Kumamoto-ken 861-0,142, Japan
Kumamotochiiki Medical Center 5 Chome-16 Honjō, Chūō-ku, Kumamoto-shi,
Kumamoto-ken 860-0,811, Japan
Amakusadaiichi Hospital
3,413-6 Imagamashinmachi, Amakusa-shi,
Kumamoto-ken 863-0,013, Japan
Shiritsushinwa Hospital
763-3 Shinwamachi Komiyaji, Amakusa-shi,
Kumamoto-ken 863-0,101, Japan
National Institute of regional
35 Oikamimachi, Hitoyoshi-shi, Kumamoto-ken
medical function propulsion
868-8,555, Japan
mechanism Hitoyoshi
Medical Center

Demand Service
(Dh)
time (sh)

294

14.7

132

6.6

37

1.85

274

13.7

399

19.95

204

10.2

170

8.5

227

11.35

128

6.4

44

2.2

252

12.6

The relief demand (in units) at each DP (hospital) was generated to be equal to the number of
beds in the DP (information available in the website). The service times (in hours) were
generated proportionally to the demand: sh ¼ Dh/100. We selected one of the 17 hospitals,
Kumamoto Red Cross Hospital, as the DMAT depot because members (personnel) of
DMATs accumulated there to received their operations schedules and routes after the
earthquake. There are three DMATs considered in this numerical example. One team
consists of the local (Kumamoto area) doctors and nurses, one team consists of the national
(different areas of Japan) medical and rescue professionals, and the other team consists of
the international (the whole world) volunteers (Falasca and Zobel, 2012). In reality,
governments often use their own warehouses as the relief supply DCs. However, the
locations of these warehouses are kept as secret for the purpose of safety. Thus, we had to
choose non-government operated warehouses as the simulated DCs in this case. As a result,
we selected Kumamoto International Center and Kumamoto Volunteer Center as two DCs
(www.japantimes.co.jp/news/2016/04/17/national/kumamoto-quake-info-where-to-go-howto-help/♯.Vxa4b2Nh3Vq. Retrieved on June 30, 2016). The DCs’ addresses, capacities and
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arrival times of relief supply orders are described in Table VIII. Each DC received four
orders of relief supplies within a 72-hour timeframe. The order capacities and arrival times
were randomly generated such that the total relief supplies from orders of all DCs can cover
the total demands of all DPs. The supply shipping time and team traveling time were all
calculated based on the corresponding distances between selected locations, and the
distances were calculated according to the Euclidean distance in the Google map. The speed
of shipping and traveling was set to be 25 miles per hour, consistent with the testing
instances in Section 5.
We applied the ABC based two-stage hybrid approach and GUROBI to solve the problem
separately. The results are as follows. The optimal total completion time obtained by
GUROBI solver was 438.27 hours, while the total completion time derived by the hybrid
algorithm was 450.11 hours. This means a 2.7 percent error gap. However, it took GUROBI
3,937.84 CPU seconds to obtain the optimal solution, while our algorithm only took us less
than 20.65 CPU seconds. The hybrid metaheuristic has a huge advantage in terms of run
time based on the results of the simulation based numerical example, while the solution
quality is also near optimal.
7. Discussions and conclusion
7.1 Discussion
While our proposed approach mainly focuses on modeling and solution methodology design
of managing resources during the response phase, there are also other issues that must be
considered in order to make the approach an efficient and effective disaster management in
practice (Caymaz et al., 2013). The first issue is the model input. In particular, humanitarian
organizations need to determine the locations of the DCs and the team depot (MC), the
capacities of the DCs (i.e. prepositioned relief supply inventory), the possible number of
DMATs, the transportation mode(s) for relief supplies and teams, and the forecasting
method to predict relief supply demand in a certain area. The ways of making these
decisions can be found in the pre-disaster logistics literature. For example, Chen and Yu
(2016) formulated an integer programming model and applied the network partitioning
technique to determine temporary locations for on-post Emergency Medical Service
facilities. Tayal and Singh (2017) considered a multi-objective stochastic dynamic facility
layout/capacity problem in disaster relief operations where the product demand is varying
over multiple periods for multiple products. The authors proposed a mathematical model
and solved it using simulated annealing based meta-heuristics. Dufour et al. (2018) applied a
combination of fieldwork, simulation, optimization and real data analysis to study the benefits
of opening an addition relief supply DC in Kampala, Uganda. Griffith et al. (2017) pioneered in
applying data analytics in a patient evacuation problem in disaster management. The authors
embedded a decision tree based analytic tool into an open data source platform to facilitate
data discovery and visualization capabilities for decision makers. Rodríguez-Espíndola et al.
(2018) developed an innovation system for disaster preparedness that combined optimization
techniques and geographical information systems (GIS) to facilitate the decision-making
process involving various humanitarian organizations. With their system, decisions such as

Table VIII.
Summary of the two
NGO-operated
relief supply DCs

No. DC name

Address

1

4-18 Hanabata-cho, Kumamoto-shi 8600806, Japan
3-7 Kumamoto Chuo Minamisendanbatacho, Kumamoto-shi 860-0842, Japan

2

Kumamoto
International Center
Kumamoto Prefecture
Volunteer Center

Supply capacity Arrival time of
of orders (Ckj)
orders (λkj)
{1,000, 600,
580, 760}
{800, 560,
600, 700}

{5, 24, 43, 60}
{6, 26, 45, 62}

emergency facility locations, prepositioned stock quantities, and allocations of relief and
personnel resources can be made. These studies lay a relevant and meaningful foundation in
the preparedness phase, which can be used to create the input for our proposed approach
in the response phase.
The second issue is related to the implementation process of our proposed approach.
Normally, more than one humanitarian organizations participate in the post-disaster
logistics activities. In both literature and practice, humanitarian logisticians have realized
that the most challenging problem in disaster management is the lack of cooperation
and coordination among multiple agencies in distribution of relief resources under short
lead times (Caymaz et al., 2013; Jabbour et al., 2017; Moreno et al., 2016; RodríguezEspíndola et al., 2018). The main reasons for this coordination issue include absence of a
centralized controlling organization, absence of standardized operational procedure, and
absence of state-of-the-art communication information systems and technologies. So how
can these organizations address the coordinate issue to improve the efficiency of our
approach during the implementation process? First, our model incorporates the
centralized organization by assuming that there is only one MC that handles the
operations scheduling of all DMATs. The humanitarian agencies need to identify the lead
organization who is responsible for making the final decisions of resource allocation and
distribution. Second, different participants (e.g. DCs and teams) should follow the same
distribution and scheduling procedure determined by our model solutions. For example, a
DC must ship whatever they have from one order to specific DPs, even in a less economic
way (i.e. less-than-truckload). This standardization of operations has been proved to be
efficient for disaster management (Balcik et al., 2010). Finally, organizations can use Radio
Frequency Identification Device technology, GIS technology, and computer information
systems to track the real-time relief supply inventory and demand information to improve
management efficiency (Zhou et al., 2017).
7.2 Conclusions and future directions
In this research, we applied an optimization based approach to solve an integrated DMAT
scheduling and relief supply distribution problem. In particular, we developed a MIP model
and a two-stage hybrid metaheuristic approach to solve the problem encountered in a
post-disaster scenario. Computational results based on comparisons with a state-of-the-art
commercial software show that the proposed approach can quickly find near-optimal
solutions, which is highly desirable in emergency situations. This paper is among the first to
consider both medical team scheduling and relief aid distribution as decision variables in the
humanitarian logistics field, and the proposed approach can serve as a decision support tool
that can generate fast (and also high-quality) operational plans to help governments and
NGOs effectively and efficiently allocate and coordinate different types of humanitarian
relief resources, especially when these resources are limited.
The current research can be extended in the following three aspects. First, one
limitation of our study is that we did not explicitly classify different types of relief medical
supplies. All supplies are unified as one demand in each DP. However, in reality, different
types of relief supplies such as food, drugs, needles, gloves, etc. are sourced from factories
and DCs in different locations and they come in different cycles and quantities (Li et al.,
2011). These are all demanded by beneficiaries. Future research can extend our study by
including this factor. For example, it is possible to introduce R (indexed by r) as the set of
types of relief supplies and use Drh to represent the demand quantity of DP h for resource
type r. With other notations changed accordingly, the new model should become more
interesting and realistic.
Second, it is also possible to incorporate different types of DMATs into our current
model. Sometimes beneficiaries in a certain area are severely injured and need physical
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surgeries, while other people may only have minor injuries and do not require a
complicated medical treatment. Therefore, it is necessary to dispatch medical personnel
with different skills to different areas. In this case, a heterogeneous vehicle routing
problem could be included.
The third direction would be to collect historical field data from disaster management
databases. These data are Big Data in terms of dimension and velocity. Possible data
sources include Red Cross, Department of Homeland Security, and FEMA. The main reason
that the propose approach does not use these Big Data is that most disaster management
information databases are confidential and restricted (Griffith et al., 2017). However, once
some of the databases are accessible, they can certainly help validate and guide our
research. The Big Data that are needed in our future research include: locations selection
factors such as the distance to disaster areas and suppliers, population size, safety condition,
transportation infrastructure, etc.; historical relief supply demand data from previous
disasters to be used to predict the inventory preposition levels as well as to determine the
DCs’ capacity in our model; and transportation and operations data such as possible routes
for DMATs, transportation time between nodes under uncertainties, and the average
medical service operations time. Thus, incorporating Big Data into our approach can help
make this decision support tool more powerful and efficient.
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Abstract
Purpose – The purpose of this paper is to propose and test a dual pathway model whereby addressing the
question, “What are the effects of supply chain orientation and organizational identification on internal
integration and supplier integration?”.
Design/methodology/approach – A survey design was performed to collect data from supply chain
professionals regarding their organization’s supply chain orientation (SCO), organizational identification (OI)
and achieved states of both internal and supplier integration. Partial least squares-structural equation
modeling was performed to test the dual mediating pathways.
Findings – The results show that internal integration partially mediates relationships between SCO and supplier
integration and for OI and supplier integration. In comparing the mediating effects to test competing theories, the
SCO path yields stronger complementary partial mediation. This supports the proposition that SCO and OI mutually
exist within an organization and influence achieved integrative behaviors. Additionally, results suggest the
behavioral spillover effect exists for an internally integrated organization that has also achieved supplier integration.
Originality/value – This research makes several contributions to extant literature, including finding that
SCO contributes to levels of achieved integration. Also, this research theoretically integrates literature on the
social dilemma associated with supplier integration and the behavioral spillover effect, suggesting that SCO
allows for positive internal integrative behaviors to spillover to integrated suppliers. Finally, this research
contributes to research on OI by finding achieved integration is an outcome, which refutes a dominate theory
that explains OI facilitates negative behaviors toward external organizations.
Keywords North America, Structural equation modelling, Management research, Supply chain integration,
Buyer-supplier relationships
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1. Introduction
Organizations have been turning to supply chain integration in order to implement supply
chain management (SCM) as well as to improve performance (e.g. Adams et al., 2014; Frohlich
and Westbrook, 2001; Germain and Iyer, 2006; Mackelprang et al., 2014; Mentzer et al., 2001;
This paper is derived from the first author’s dissertation. Thank you to Rodney Thomas for the early
developments of this research.

Rodrigues et al., 2004). Accordingly, considerable research has been dedicated to identifying
and evaluating integrative antecedents, practices, approaches and/or processes (e.g. Das et al.,
2006; Ellinger, 2000; Mollenkopf et al., 2000; Pagell, 2004; Petersen et al., 2008; Stevens, 1989;
Stolze et al., 2015; Swink et al., 2007; Zhao et al., 2011). Despite early developments of the
integration concept acknowledging that it could refer to an organizational state (Lawrence
and Lorsch, 1969), only recently has this conceptualization become a construct of interest in
the SCM literature (e.g. Chavez et al., 2015; Turkulainen and Ketokivi, 2012; Turkulainen and
Swink, 2017). Researchers have cited that this “achieved state of integration” allows for
measuring levels of actual integration rather than intended integration (Swink and
Schoenherr, 2015). Given that this emerging body of literature has predominately focused on
performance outcomes, the current research proposes and examines dual mediating
orientations that may affect the degree to which integration is achieved.
The reasoning for examining dual mediating orientations is based on an underlying
theme in the SCM literature that pertains to organizations’ orientation and the notion of
whether foci and motives are outward or inward facing. Specifically, grounded by the
seminal work of Mentzer et al. (2001), SCM literature maintains that an inter-firm perspective
facilitates behaviors that serve collective interests and improve inter-firm relationships
while a firm-centric perspective prompts self-interested behaviors that deter inter-firm
relationships (e.g. Corsten et al., 2011; Eng, 2005; Kull et al., 2013; McCarter and Northcraft,
2007; Omar, Davis-Sramek, Fugate and Mentzer, 2012; Omar, Davis-Sramek, Myers and
Mentzer, 2012). This study tests this premise, which has been conceptual to date. The two
mediating orientation constructs are described next.
Supply chain orientation (SCO) has been deemed a necessary organizational
philosophy for achieving internal and external integration (i.e. customer and/or
supplier) (Esper et al., 2010; Thornton et al., 2016). Specifically, SCO refers to the “[…]
implementation of SCM philosophy in individual firms in a supply chain” (Min and
Mentzer, 2004, p. 67), whereby a SCM philosophy entails a “systems approach to viewing
the supply chain as a single entity, rather than as a set of fragmented parts, each
performing its own function” (Mentzer et al., 2001, p. 7). The central role of SCO is to
embed an organizational-wide awareness and acceptance of SCM that focuses on holistic
supply chain integrative behaviors (i.e. rather than focusing on either internal integration
or external integration) (Esper et al., 2010; Mentzer et al., 2001). While limited empirical
research exists surrounding SCO as an antecedent of integration (Thornton et al., 2016),
the current study addresses whether SCO persists in contributing to integrative levels.
Thus, this study contributes to the SCM literature by being the first to empirically test the
relationship between SCO and the degree to which internal and supplier integration are
achieved by an organization (i.e. degree of achieved integration from focal firm’s
perspective—imposing parallel measuring and reporting).
Organizational identification (OI) is “the perception of oneness with or belongingness to an
organization” (Mael and Ashforth, 1992, p. 109). The OI concept originated from identification
(Freud, 1922) and group identification (Tolman, 1943). As such, identification depicts a state of
psychological attachment toward an identified foci (e.g. individuals or inanimate objects) while
group identification captures social behavioral dimensions of identification (Corsten et al.,
2006). Social identity theory (SIT) (Tajfel, 1974; Tajfel and Turner, 1979) has traditionally
explained the social behavioral outcomes of an OI state (Pratt, 2001). A key premise is that the
nature of social behaviors is largely influenced by assigned group memberships, where people
inherently classify themselves and others as either in-group or out-group members (i.e. us vs
them) (Pratt, 2001; Turner, 1985). The limited extant SIT/SCM research has advocated for
higher order social group identification so to benefit from in-group behaviors (e.g. focal
organization classifies itself as an in-group member of external foci, such as customer or
supply chain) (Corsten et al., 2011; Min et al., 2009). This study contributes to the SCM
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literature by being the first to examine OI in a SCM context, where mid-range theory suggests
OI may prompt favorable in- and out-group behaviors.
In sum, the purpose of this research is to propose and test a dual pathway model
whereby addressing the question, “What are the effects of SCO and OI on internal
integration and supplier integration?” Thus, the remainder of this paper is organized as
follows. The next section reviews SCM and OI literature to develop the hypotheses.
The methodology section describes the sample and data collection, common method and
non-response bias and construct measurement scales. Moreover, the analysis and results are
discussed with regard to evaluating the measurement and structural models prior to testing
the developed hypotheses. The discussion section is dedicated to interpreting the research
findings and discussing the theoretical and managerial implications. This paper concludes
by identifying research limitations and proposing research opportunities.
2. Literature review and hypotheses
2.1 Integration and SCO
An achieved organizational state of integration is expressed via integrative behaviors
(i.e. collaboration, cooperation, coordination and interactions) (e.g. O’Leary-Kelly and Flores,
2002; Turkulainen and Ketokivi, 2012). Collaboration is a complex, socially derived
phenomenon that ensues when personnel are willing to work together; therefore, reflects a
shared responsibility for decisions and accountability for outcomes (Ellinger et al., 2000;
Jap, 1999; Kahn and Mentzer, 1996). Cooperation is an expression of solidarity, whereby
competition and adversarial attitudes yield to common interests and win-win perspectives
(Boon-itt and Wong, 2011; Hill et al., 1992; Mentzer et al., 2000). Coordination creates
familiarity and trust by managing interdependencies between functional entities and
synchronizing the flows of products/services, information and finances (Das et al., 2006;
Jayaram et al., 2011; Sahin and Robinson, 2002). While interacting for information-sharing
purposes is needed for aligning decisions and processes (Pagell, 2004; Salvador et al., 2001),
the social aspects of interaction demonstrate establishment of interpersonal relationships
and esprit de corps (i.e. via connectedness vs conflict) (Cousins and Menguc, 2006;
Menon et al., 1997). Therefore, the achieved state of integration manifests as a harmonious
interdependence between distinct entities (i.e. entities refer to departments or firms
because true achieved integration levels should not differ within or across firms) (Lawrence
and Lorsch, 1967).
SCO entails focused efforts on the cultural elements within an organization that influence
supply chain relationships (internal and external) (Mentzer et al., 2001; Min and Mentzer,
2004). The specific SCO elements that organizations focus their efforts on are benevolence,
credibility, commitment, compatibility, norms and top manager support (Min and Mentzer,
2004; Min et al., 2007). While benevolence, credibility and commitment are grounded by trust
literature (Doney and Cannon, 1997; Morgan and Hunt, 1994), compatibility, norms and top
manager support relate to facilitating mutuality and alignment (Mentzer et al., 2001).
Benevolence is the degree to which an organization is genuinely interested in an exchange
partner’s circumstances and is motivated to pursue shared rewards while credibility refers
to an exchange partner’s reliability and competence (Doney and Cannon, 1997; Kumar et al.,
1995). Commitment shapes the rules of engagement and interactive behaviors between
exchange partners (Spekman and Carraway, 2006). Compatibility encompasses alignment of
exchange partner’s corporate cultures and managerial techniques (Min and Mentzer, 2004),
in which “compatibility” does not suggest perfectly similar, but rather, not conflicting
(Scholz, 1987). A key condition of norms is that neither exchange partner yields to the other
exchange partner’s goals or needs, but instead, both parties understand that success is best
achieved via joint responsibility and flexibility (Cannon and Perreault, 1999). Lastly, top
manager support is recognized by a number of researchers as a critical factor in changing

an organization’s orientation, direction and values (Mentzer et al., 2001). As shown, achieved
integration and SCO have distinct behavioral elements and relational perspectives ( focal
firm vs exchange partner).
2.2 Organizational identification
An OI state has a significant affective influence on both perceptions and interactions; an
observable phenomenon expressed through group formation behaviors (Ashforth and
Mael, 1989; Corsten et al., 2006). As theorized by SIT, OI contributes to visible group
dynamics by creating in-group bias and out-group discrimination (Ashforth et al., 2008).
First, in-group bias emerges from a shared categorical identity among assigned in-group
members. The resulting favoritism is responsible for citizenship behaviors, cohesion,
loyalty, trust and a favorable valuation (Bergami and Bagozzi, 2000; Dutton et al., 1994;
Turner, 1978). These in-group behaviors reflect a shared feeling of belonging and
connectedness to the organization, which in turn, also reinforces the OI (Ashforth and
Mael, 1989). Second, out-group discrimination rises from a desire to establish and maintain
a positive social identity. Accordingly, the inter-group “favorable comparison” process
involves distrusting, stereotyping, undervaluing and critically evaluating any out-groups
in order to enhance the in-group image and collective esteem (Ashforth et al., 2008; Dutton
et al., 1994; Tajfel and Turner, 1986). Inter-group dissonance, hostility, rivalry and conflict
frequently erupt from perceived organizational identity threats and inherent competitive
group behavior (Ashforth and Mael, 1989; Dutton et al., 1994; Houston et al., 2001;
Tajfel, 1974; Tajfel et al., 1971).
The identity orientation framework (Brewer and Gardner, 1996; Brickson, 2000) basically
serves as a mid-range theory for SIT. Importantly, this framework was developed for the
purpose of a “breakthrough for understanding inter-group relations” when social behaviors
cannot be fully explained by SIT (Brickson, 2000, p. 84). Analogous to SIT, this theoretical
model explains that the identity orientation, whereby identification was founded, affects
social motivation and shapes social cognition of the out-group members (Brickson and
Brewer, 2001). Nonetheless, while SIT accounts for only the collective identity orientation,
the identity orientation framework maintains that the identification process is dynamic and
it accounts for three identity orientations: collective, relational and personal (Brewer and
Gardner, 1996; Brickson, 2000). The particular “activated” identity orientation depends on
certain factors, including organizational context and situational relevance (Brickson, 2000;
Sluss and Ashforth, 2008). Given the proposed model (i.e. developed next), the organizational
context (i.e. SCO) and situational relevance (i.e. internal and supplier integration) suggest
that the identity orientation framework is a more appropriate theoretical basis for this
research than SIT (i.e. relational identity rather than collective identity) (Brickson, 2000).
2.3 Hypothesis development
The behavioral spillover effect is theorized as responsible for a direct positive relationship
between achieved internal integration and achieved supplier integration. A spillover effect
refers to how behaviors are contagious, spilling from within an organization to external
interactions (i.e. based on internal relationships, the in-group cognitive frame is projected to an
out-group) (Bowen et al., 1999; Labianca et al., 1998; Payne and Webber, 2006). According to
Keenan and Carnevale (1989), spillover hypothesis, in-group cooperative and collaborative
behaviors facilitate out-group cooperative and collaborative behaviors, and vice versa
(e.g. Campbell, 1998; Stank et al., 2001). Accordingly, as a foundational condition for testing the
dual mediation, the integrative behaviors from within an organization are expected to
encourage a direct positive behavioral spillover effect toward an integrated supplier
(i.e. achieved internal integration → achieved supplier integration). Equally important in
developing the subsequent hypotheses is acknowledging that the behavioral spillover effect
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holds under two conditions: first, groups must be committed to superordinate goals rather
than their self-interests (Hoegl et al., 2004); and second, group interdependence must be void of
competition and/or rivalry (Keenan and Carnevale, 1989; Labianca et al., 1998).
The first hypothesized mediated relationship accounts for SCO, in which achieved
internal integration is anticipated to reveal complementary mediation between SCO and
achieved supplier integration. Research has found that SCO has a positive effect on internal
integration and supplier integration in that SCO encourages SCM behaviors (i.e. originate
within an organization and are projected internally and externally) (Omar, Davis-Sramek,
Fugate and Mentzer, 2012; Omar, Davis-Sramek, Myers and Mentzer, 2012; Thornton et al.,
2016). The current study extends these findings to an achieved organizational state of
integration whereby SCO continues to encourage SCM behaviors after integration has been
implemented and, therefore, contributes to the degree to which integration is achieved.
Accordingly, SCO is hypothesized to have a positive direct effect on achieved internal
integration and achieved supplier integration. Although with this being the case, achieved
internal integration is expected to partially explain SCO’s positive effect on achieved
supplier integration. An achieved state of internal integration is characterized by the
favorable integrative behaviors in an organization, and while SCO contributes to these
behaviors, it also encourages an organizational-wide acceptance of SCM (Mentzer et al.,
2001). For SCO to be fully realized, an organization must integrate with external partners. In
doing so, the behavioral spillover conditions are met and internal integrative behaviors
spillover to an integrated supplier:
H1. The positive direct effect SCO has on achieved supplier integration is partially and
positively mediated by achieved internal integration (i.e. complementary mediation).
The second hypothesized mediated relationship accounts for OI, where achieved internal
integration is anticipated to exhibit complementary mediation between OI and achieved
supplier integration. Accordingly, OI is hypothesized to have a positive direct effect on
achieved internal integration and achieved supplier integration. The degree to which internal
integration is achieved should be greater based on in-group behaviors that are associated with
OI (cohesion, cooperation, coordination, information sharing) (cf. Ashforth et al., 2008;
O’Leary-Kelly and Flores, 2002). In other words, both achieved internal integrative and OI
in-group behaviors are expressions of belongingness and connectedness to an organization,
and in turn, reinforce one another (Dutton et al., 1994; Lawrence and Lorsch, 1967). While SIT
suggests that OI should have a negative effect on achieving supplier integration (i.e. OI
out-group discrimination behaviors) (cf. Bergami and Bagozzi, 2000; Mentzer et al., 2000), the
identity orientation framework explains OI should have a positive effect on achieved supplier
integration. Favorable social behaviors directed toward an integrated supplier are explained
by in-group welfare motivation that is expressed as “cooperative interdependence […] other’s
well-being enhances one’s own” (Brickson and Brewer, 2001, p. 54).
The identity orientation framework suggests that OI will not trigger traditional
out-group behaviors (e.g. competition/rivalry), but rather, provoke feelings of cooperative
interdependence and collective superordinate goals (Brickson and Brewer, 2001). As such,
the behavioral spillover effect explains that achieved internal integration should be partially
responsible for the positive direct effect OI has on achieved supplier integration (i.e. as
explained by the identity framework, both conditions of behavioral spillover are met)
(Keenan and Carnevale, 1989). Specifically, an integrated organization’s in-group cognitive
frame that is associated with OI will be projected to an integrated supplier, to an extent,
because of behavioral spillover effect (Labianca et al., 1998):
H2. The positive direct effect OI has on achieved supplier integration is partially and
positively mediated by achieved internal integration (i.e. complementary mediation).

3. Methodology
A quantitative methodology is appropriate since the hypotheses test theoretically grounded
relationships and the research problem entails identifying antecedents and factors that influence
outcomes (Creswell, 2009; Johnson and Onwuegbuzie, 2004). Therefore, a survey data collection
approach was performed due to this approach lending itself well to testing hypotheses; standard
measurements, advantages of generalizability and data are real-world observations; and the
ability of surveys to provide insights into the state or conditions for a sample of the population
of interest (i.e. conforming to the current research purpose) (Creswell, 2009; Dillman et al., 2009;
Kelley et al., 2003; Yin, 1994). This section describes data collection, evaluation and analysis.
3.1 Sampling and data collection
The data were collected between October and November 2013. The survey was emailed to
6,972 target respondents, a Qualtrics retained panel of supply chain professionals from
different companies in the USA, whereby 682 potential participants clicked-through to the
survey. In following the sampling survey design of Autry et al. (2010) (i.e. double-blind,
online service), four prequalifying questions were incorporated to preclude sampling bias.
The first two screening questions disqualified 196 respondents. Participants were limited to
those knowledgeable on the state of internal and external conditions (n ¼ 149), and able to
report on the views of most employees in their firm (n ¼ 47). The following two screening
questions disqualified another 160 respondents by limiting organizations to those that
satisfied the targeted population criteria: engaged in supply chain integration (n ¼ 117) and
executed an internal-to-external approach for implementing supply chain integration
(n ¼ 43). This respondent and population verification process yielded 326 targeted survey
participants (see Robinson, 2014 for the specific questions).
The collected survey data were then evaluated for rigor. Extreme outliers were identified
and eight surveys were removed for not meeting the target population criteria
(i.e. organizations engaged in supply chain integration). Specifically, the elimination
criterion was extreme outliers on items across two or more constructs with extreme being
greater than three standard deviations from the mean (Hair et al., 2010). A total of 54 surveys
were excluded from the analysis due to excessive incompleteness (premature termination).
The survey data did not reveal any noticeable unusual response patterns, such as the same
value on every question. However, 45 surveys were eliminated because the respondents failed
a validation question that was embedded among one of the construct scale questions (careless
response) (Meade and Craig, 2012). Thus, the final 32.11 percent (219/682) click-through usable
response rate for this study exceeds recommended response rates for SCM research and
response rates for comparable third-party administered internet panel surveys (e.g. Autry
et al., 2010; Carlson et al., 2014; Thornton et al., 2013; Wong et al., 2011).
The descriptive information and sample statistics are reported in Table I. The respondent
sample consisted largely of operational middle/upper middle management (55 percent) with
more than five years of experience with their current employer (77 percent), both of which
were target respondent characteristics based on theoretical and contextual literature (Keh and
Xie, 2009; Narasimhan and Das, 2001). The sampled organizations represent various firm
sizes. This includes the number of employees (o500 ¼ 40 percent; ⩾ 500 ¼ 60 percent) as well
as annual sales (⩽ $1B ¼ 66 percent; W$1B ¼ 34 percent). The organizations also operate
across diverse industries and supply chain positions. For example, manufacturers and their
suppliers collectively represent 39 percent of the sample whereas retailers and intermediaries/
logistics service providers’ account for 19 and 17 percent of the sample, respectively.
3.2 Non-response and common method bias
A limitation of using Qualtrics panel data management for survey data collection is the inability
to sample non-respondents for assessing non-response bias (Hansen and Hurwitz, 1946).
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Table I.
Descriptive
information and
sample statistics of
organizations and
respondents

No.

Pct. (%)

Respondent title
CEO/executive/owner
Director/VP
Operations/dept./project manager
Plant/office/general manager
Supervisor/frontline employee

8
64
97
24
26

4
29
44
11
12

Firm size (employees)
1–49
50–249
250–499
500–999
1,000–2,500
Over 2,500

34
37
17
21
18
92

15
17
8
10
8
42

Industry
Apparel/textiles
7
Automotive
14
Chemicals/plastics
8
Consumer packaged goods
18
Electronics
20
Industrial parts
18
Medical/pharmaceutical
25
Other
109
Note: Based on final sample (n ¼ 219)

3
6
4
8
9
8
12
50

No.

Pct. (%)

7
24
20
31
137

3
11
9
14
63

Firm size (annual sales)
Less than $1 million
$1–$50 million
$51–$500 million
$501 million–$1 billion
Greater than $1 billion

15
58
43
29
74

7
26
20
13
34

Supply chain position
Manufacturer
Retailer
Supplier to manufacturer
3PL or 4PL
Wholesaler or distributor
Other

80
41
6
4
34
54

36
19
3
2
15
25

Respondent tenure
Less than 1 year
1–3 years
3–5 years
5–7 years
Greater than 7 years

Nevertheless, data were collected in three waves for the purpose of evaluating
non-response bias. The first two data collection waves were demarcated via activating and
pausing the survey link. The third data collection wave was prompted by a reminder e-mail that
was sent two weeks after the second data collection wave had completed (i.e. stimulus)
(Armstrong and Overton, 1977). A one-way analysis of variance technique tested the null
hypothesis that the average responses on the 25 construct measurement items and three
descriptive variables were the same between these three groups. The F-statistics failed to reject
the null hypothesis (pW0.01). Thus, non-response bias was deemed non-problematic for this
study (Lambert and Harrington, 1990).
There are several justifications, procedures and test for a single informant data collection
approach. Importantly, a single informant approach has been an accepted standard for
measuring achieved integration, identification and SCO at an organizational unit of analysis
(e.g. Corsten et al., 2006, 2011; Kotzab et al., 2011; Springinklee and Wallenburg, 2012;
Thornton et al., 2016; Turkulainen and Swink, 2017). Nevertheless, approaches were
incorporated in this study to proactively minimize single respondent bias, including separating
adjacent measurement scales, providing definitions of terms, controlling for priming effects
(e.g. this rather than your organization), protecting respondent anonymity and improving
adapted scales via feedback from a panel of academics and executives (n ¼ 9) (Ford et al., 2013;
Dillman et al., 2009; Podsakoff et al., 2003). As previously described, sampling also entailed
targeting the key informants based on specialized operational knowledge and answering on
their organization rather than their personal behavior (Phillips, 1981). Since common method
bias may pose a threat despite these proactive steps (Campbell and Fiske, 1959), Harman’s
single factor test was performed with confirmatory factor analysis (Craighead et al., 2011).
The results demonstrated that the unidimensional model ( χ2 ¼ 1,044.90; df ¼ 135) performed
significantly worse (Δχ2 o0.01) than the measurement model ( χ2 ¼ 290.72; df ¼ 132); thus,
common method bias fails to pose a serious threat in this research.

3.3 Measurement scale items
The four measurement scales and their descriptive statistics are reported in Table AI.
Achieved internal integration was measured with a six-item scale developed by Turkulainen
and Ketokivi (2012). The original scale was adapted to incorporate the intended
conceptualization of all four behaviors associated with an achieved integration state
(O’Leary-Kelly and Flores, 2002). Considering that uniform scales facilitate simultaneous
comparison between the integration levels (Gimenez and Ventura, 2005), achieved supplier
integration was measured with a six-item scale developed by adapting the achieved internal
integration scale items. Next, OI was measured with a well-established six-item scale
(Mael and Ashforth, 1992) that was adapted for the purpose of scale consistency and
contextual agreement (i.e. Corsten et al., 2011). Lastly, SCO was measured using Kotzab
et al.’s (2011) items for joint SCM conditions (i.e. aligned with research purpose).
4. Analysis and results
Partial Least Squares-Structural Equation Modeling (PLS-SEM) was determined to be the most
appropriate analytical technique for this study for three reasons. First, the research objective
involves both predicting and explaining relationships between the constructs (Hair et al., 2014).
Second, the model requires the testing of two simultaneous mediations (Nitzl et al., 2016). Third,
this research entails examining a complex model in a relatively explorative manner (Chin, 2010).
4.1 Measurement model
Evaluating the measurement model involves the procedures associated with assessing the
reliability and validity of the measurement items (Garver and Mentzer, 1999). Individual
indicator reliability was assessed first (i.e. outer loading ⩾ 0.708; po0.05) (Hair et al., 2014), in
which all indicators for both internal and supplier integration exceeded the threshold
standard. In following the recommended procedure for outer loading relevance testing
(i.e. 0.4W outer loadings o0.7), low-performing indicators associated with OI and SCO were
individually removed and the impact on composite reliability and average variance extracted
(AVE) was assessed (Hair et al., 2014). Accordingly, two OI indictors (OI1 and OI6) and five
SCO indictors (SC3, SC9, SC10, SC11 and SC12) were removed. Taking into consideration that
three of these removed SCO indicators were contingent on the responding organization’s
supply chain position, operations and/or information availability (e.g. exchanges forecast
information) and the remaining nine indicators capture the nature of SCO, this construct was
deemed to maintain face validity. Finally, scale reliability was deemed sufficient based on
composite reliability values (i.e. W0.80) (i.e. best measure for PLS-SEM) (Hair et al., 2014).
Convergent validity and discriminant validity were evaluated on all four constructs. First,
convergent validity was assessed based on AVE, in which all of the AVE values satisfied the
requirement (i.e. AVE ⩾ 0.50) (Hair et al., 2014). Second, discriminant validity was assessed
based on cross-loading analysis and Fornell-Larcker criterion (Hair et al., 2014). Thus, loadings
were greatest for appropriate constructs and Fornell-Larcker was satisfied (i.e. AVE W
squared correlation of construct pairs) (Fornell and Larcker, 1981; Hair et al., 2014). Table II
reports the values associated with the discussed PLS-SEM measurement model results.
4.2 Structural model
The two measures for evaluating the explanatory power of the structural model entail the
coefficient of determination (R2) and the effect size ( f 2) (Aibinu and Al-Lawati, 2010; Hair
et al., 2014). The R2 measures the percentage of variance in the dependent variable that is
explained by the model, while effect size is essentially a contribution measurement for each
of the exogenous constructs (Hair et al., 2014). Accordingly, the R2 values indicate moderate
explanatory power of the structural model for internal integration (0.403) and supplier
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Table II.
Reliability
and validity
summary statistics

Item
indicators

Achieved internal integration (II) II1
II2
II3
II4
II5
II6
Achieved supplier integration (SI) SI1
SI2
SI3
SI4
SI5
SI6
Organizational identification (OI) OI2
OI3
OI4
OI5
Supply chain orientation (SC)
SC1
SC2
SC4
SC5
SC6
SC7
SC8
SC13
SC14

Outer
loadings

Scale
reliabilities

II

0.848
0.858
0.846
0.839
0.889
0.910
0.854
0.860
0.845
0.849
0.890
0.897
0.841
0.776
0.852
0.828
0.727
0.761
0.652
0.758
0.664
0.702
0.698
0.693
0.742

CR ¼ 0.947

0.865

CR ¼ 0.947

0.602 0.866

CR ¼ 0.895

0.486 0.567 0.825

CR ¼ 0.902

0.611 0.707 0.562 0.712

SI

OI

SC

integration (0.572) (Henseler et al., 2009; Hair et al., 2014). The two effect sizes of OI were
moderately small for both internal integration (0.050) and supplier integration (0.061).
The two effect sizes of SCO were moderately large for both internal integration (0.279) and
supplier integration (0.261). Finally, the effect size of internal integration was moderately
small for supplier integration (0.071) (Hair et al., 2014).
The two measures for evaluating the predictive relevancy of the structural model entail the
Stone-Geisser’s Q2 value and q2 effect size (Aibinu and Al-Lawati, 2010; Hair et al., 2014). The Q2
measures the ability of the model to predict indicator data points of the endogenous constructs
while q2 is a measurement for the relative impact of predictive relevance (Aibinu and Al-Lawati,
2010; Hair et al., 2014). The two Q2 values signal sufficient predictive relevance for both internal
integration (0.284) and supplier integration (0.403) (Ringle et al., 2010). The effect sizes of OI were
moderately small for internal integration (0.029) and supplier integration (0.030). The two effect
sizes of SCO were medium for internal integration (0.163) and supplier integration (0.131). Lastly,
the effect size of internal integration was moderately small for supplier integration (0.034) (Hair
et al., 2014). As these cumulative results demonstrate, the structural model has sufficient
explanatory power and predictive relevancy. Accordingly, the discussion now turns to the
results associated with the hypothesized direct and mediating effects.
The recommended advanced procedure for mediation analysis in PLS-SEM was followed
for the hypothesis testing (Nitzl et al., 2016). First, the indirect effect was identified for
both SCO ( p ¼ 0.111; p ¼ 0.011) and OI (p ¼ 0.047; p ¼ 0.067). Second, the direct effects
were identified for both SCO (p ¼ 0.457; p ¼ 0.000) and OI ( p ¼ 0.201; p ¼ 0.001).
The bootstrapping procedure was performed to determine the indirect and direct path
significance. Taking into account the indirect effect (SCO → internal integration → supplier
integration) and the direct effect (SCO → supplier integration) were significantly positive, this
indicates complementary partial mediation exists for H1. Next, given that the indirect effect

(OI → internal integration → supplier integration) was only moderately significant (positive)
but the direct effect (OI → supplier integration) was significantly positive, this suggests
moderate complementary partial mediation for H2 (Zhao et al., 2010).
In order to provide more insight regarding the strength (i.e. portion) of partial mediation, Nitzl
et al. (2016) advocates calculating the VAF value (i.e. ratio of the indirect-to-total effects).
The VAF value associated with H1 was 19.54 percent (i.e. 0.111/0.568) and the VAF value
associated with H2 was 18.95 percent (i.e. 0.047/0.248). Taking into account the preceding
mediation analysis in addition to the standard rule of thumb for VAF values (20 percent) (Hair
et al., 2016), we conclude that internal integration partially mediates the relationship between
SCO and supplier integration as well as moderately, partially mediates the relationship between
OI and supplier integration (Nitzl et al., 2016). Lastly, comparing the two mediating effects allows
for the comparison of competing theories (Preacher and Hayes, 2008); accordingly, the difference
between the two indirect effects was calculated (0.111–0.047 ¼ 0.064 ≠ 0.00) (Nitzl et al., 2016).
This further establishes that the complementary partial mediation associated with SCO is
significantly stronger than the moderate complementary partial mediation associated with OI.
These path analytic results are in Figure 1.
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5. Discussion
The research findings support the overarching proposition that SCO and OI mutually exist
within a focal organization and therefore both influence achieved internal and supplier
integrative behaviors. The results also demonstrate that the behavioral spillover effect
exists for an internally integrated organization that is also integrated with a supplier. These
findings present considerable implications for theory and practice, both of which are
discussed in the following sub-sections.
5.1 Theoretical implications
The first set of theoretical implications relate to SCO. First, the current study corroborates and
extends theoretical research that maintains SCO is an antecedent of both internal and supplier
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Path analytic results

IJLM
29,4

1316

integration (Omar, Davis-Sramek, Fugate and Mentzer, 2012; Omar, Davis-Sramek, Myers and
Mentzer, 2012; Thornton et al., 2016). In particular, SCO persists in contributing to favorable
internal and supplier integrative behaviors (i.e. SCO is more than an antecedent for
implementing integration). Second, according to SCM literature, supplier integration inherently
presents a social dilemma where organizations must choose between exhibiting non-cooperative
and cooperative behaviors (e.g. pursue either intra- or inter-organizational interests) (McCarter
and Northcraft, 2007). Theoretical research acknowledges that SCO is required to manage such
a social dilemma when organizations externally integrate (Mentzer et al., 2001; Omar,
Davis-Sramek, Fugate and Mentzer, 2012; Omar, Davis-Sramek, Myers and Mentzer, 2012). The
current study reveals that by creating an environment where behavioral spillover conditions are
met, SCO allows for positive internal integrative behaviors to spillover to integrated suppliers.
The second set of theoretical implications is associated with OI. This study contributes to
the theoretical development of OI by identifying achieving integration as a direct
consequence of OI (i.e. internal and supplier). In doing so, this study also counters theoretical
propositions that maintain supplier integrative efforts are resisted due to identity threats
and/or that OI facilitates unfavorable out-group behaviors toward external organizations
(e.g. Korschun, 2015; Kull et al., 2013; Robinson, 2012). Moreover, this study theoretically
supports and empirically validates the identity orientation framework (Brewer and Gardner,
1996). In comparing SCO and OI, this study reveals that rather than having to replace the
myopic, firm-centric perspective (i.e. OI) (Omar, Davis-Sramek, Fugate and Mentzer, 2012;
Omar, Davis-Sramek, Myers and Mentzer, 2012), SCO only needs to be the dominant
orientation within the organization. Having both orientations prompts behaviors that
support coinciding, synergistic intra- and inter-firm interests.
5.2 Managerial implications
The current research findings suggest that the internal-to-external supply chain integration
approach is advantageous for achieved integrative behaviors (i.e. behavioral spillover). Based
on Steven (1989), an overarching consensus has been that internal integration implementation
should precede external integration—this approach has been empirically supported for
mechanisms and processes (e.g. Braunscheidel and Suresh, 2009; Zhao et al., 2011).
Nevertheless, an external-to-internal implementation approach has been empirically
supported by supply chain collaboration research (e.g. Sanders, 2007; Stank et al., 2001).
Although the behavioral spillover hypothesis supports both approaches, the current research
reveals that the internal → external implementation approach for an achieved organizational
state of integration (i.e. behaviors) is more advantageous when taking into account both SCO
and OI (i.e. positive direct and indirect effects that would not likely occur in the event that
supplier integration was implemented and achieved prior to internal integration). Thus, this
study offers valuable managerial insight by resolving implicitly conflicting recommendations.
The value of this finding should not be marginalized. According to Zhao et al. (2011), better
understanding this relationship assists managerial decision making by “[focusing] their
limited resources to either invest first in internal integration or external integration” (p. 18).
This research also has interesting implications regarding the effects of SCO. Specifically,
the results suggest that not only is having a SCO critical for the implementation of internal
and supplier integration, as prior research has shown (Omar, Davis-Sramek, Fugate and
Mentzer, 2012; Omar, Davis-Sramek, Myers and Mentzer, 2012; Thornton et al., 2016), but it
also contributes to the degree to which internal and supplier integration are achieved. This
finding suggests an important role for managers, specifically, to encourage and facilitate SCO
long after the implementation of supply chain integration. Moreover, as previously discussed,
it appears that SCO needs to be the dominant orientation within an organization for OI to have
a favorable effect on external integration (i.e. empirically supported via stronger
complementary partial mediation through internal integration; theoretically supported via

the identity orientation framework). Thus, this finding again demonstrates the important role
for managers to ensure that SCO is the primary orientation in an organization. Failing to do so
could allow OI to become a dominant orientation, the organizational context would no longer
be grounded by SCO, and SIT would become relevant in explaining how OI would negatively
affect the degree to which supplier integration is achieved.
This research serves supply chain managers by uncovering external behavioral benefits
of OI. Prior to this study, OI was known to offer internal behavioral benefits (e.g. lower
turnover and greater motivation, loyalty and job satisfaction) (Cardador and Pratt, 2006). To
capture the external behavioral benefits from identification, organizations were instructed to
establish higher order identification (e.g. supply chain; supplier-to-buyer) (Corsten et al.,
2011; Min et al., 2009). However, specific antecedents of these identifications have yet to be
uncovered and higher order identifications are difficult to achieve (i.e. lower order identities
are more salient) (Pratt, 2001). The current research has found that firms are able to obtain
external behavioral benefits from OI in addition to internal behavioral benefits (H2). In sum,
this study equips practitioners to manage OI in order to capture the traditional internal
benefits and the discovered external benefits of OI.
6. Conclusion
Unfortunately, no research is without limitations. This research has three key limitations.
The first is a survey design that utilizes a single respondent to report on organizational
conditions ( following the design of Corsten et al., 2011). In order to minimize any
measurement errors, key respondents were targeted based on their operational knowledge
of the two integration states and the organizational views (Corsten et al., 2011; Keh and Xie,
2009; Narasimhan and Das, 2001). The second is focusing on dyads for the external
integration dimension. Considering that supplier and customer integration entail different
operational environments and behavioral considerations (Wong et al., 2011), these research
findings are limited to the internal-supplier relationship. The third is that the causation
between achieved internal integration and OI is theoretically supported rather than
methodologically imposed. Importantly, a theoretical causal relationship is sufficient to test
mediation (Hayes, 2013) and the targeted population effectively imposed a degree of
causation (i.e. operationalized an internal-to-external integration approach).
Despite the limitations, this research makes a contribution by being the first to introduce
and test OI within a SCM context. Therefore, future work should focus on expanding our
limited knowledge of social identification phenomena in SCM (e.g. Corsten et al., 2006, 2011;
Min et al., 2009). For example, a significant undertaking would be to compare internal and
external benefits of organizational, supplier and customer identification. An opportunity
exists in examining departmental identification as a behavioral barrier of internal
integration due to often-reported turf conflicts ( Jin et al., 2013). Developing an experimental
design for this SCM context would make a great contribution to this body of literature.
In sum, the current research should be viewed as starting a dialog on how and why different
orientations and social phenomena influence organizational motives, role responsibilities,
and intra-firm and inter-firm relational behaviors.
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Appendix

Achieved internal integration (adapted from Turkulainen and Ketokivi, 2012). The questions below relate
to internal integration among the functional departments within your organization
(e.g. logistics, marketing and production). Please indicate the degree to which you agree or disagree with
the following statements (1 ¼ strongly disagree; 7 ¼ strongly agree)
II1) The functions in this organization are well integrated
II2) The functions in this organization cooperate well
II3) Functional problems are solved easily in this organization
II4) This organization’s functions coordinate their activities
II5) This organization’s functions work interactively with each other
II6) The functions in this organization collaborate well
Achieved supplier integration (adapted from Turkulainen and Ketokivi, 2012). Please take a moment to
think about an integrated supplier that you are the most familiar. The questions below relate to supplier
integration among the functional departments (e.g. logistics, marketing and production). Please indicate
the degree to which you agree or disagree with the following statements (1 ¼ strongly disagree; 7 ¼
strongly agree)
SI1) The functions between the organizations are well integrated
SI2) The functions between the organizations cooperate well
SI3) Functional problems are solved easily between the organizations
SI4) The organization’s functions coordinate their activities
SI5) The organization’s functions work interactively with each other
SI6) The functions between the organizations collaborate well
Organizational identification (adapted from Mael and Ashforth, 1992). The questions below relate to your
organization’s perceptions. Please indicate the degree to which you agree or disagree with the following
statements about how the majority of your employees feel about their own organization (1 ¼ strongly
disagree; 7 ¼ strongly agree)
OI1) When someone criticizes this organization, it feels like a personal insult to the employees
OI2) Employees are very interested in what others think about this organization
OI3) When talking about this organization, employees usually say “we” rather than “they”
OI4) This organization’s successes are the employee’s successes
OI5) When someone praises this organization, it feels like a personal compliment to the employees
OI6) If a story in the media criticized this organization, it would be embarrassing to the employees

Table AI.
Measurement scales

SCO Conditions (adapted from Kotzab et al., 2011). The questions below relate to the supply chain
conditions (e.g. your organization, customers, suppliers and service providers). Please indicate the degree
to which you agree or disagree with the following statements (1 ¼ strongly disagree;
7 ¼ strongly agree)
SC1) There is a collaborative agreement on process evaluation with other supply chain members
SC2) There is an agreement on collaborative goals with other supply chain members
SC3) There are project groups in place with other supply chain members
SC4) This organization is aware that its decisions may affect other supply chain members
SC5) This organization is willing to trust other supply chain members
SC6) This organization has long-term relationships with other supply chain members
SC7) There is an equal distribution of power among all supply chain members
SC8) There is an equal distribution of risks and benefits among all supply chain members
SC9) This organization exchanges product development data with other supply chain members
SC10) This organization exchanges stock level information with other supply chain members
SC11) This organization exchanges forecasting information with other supply chain members
SC12) There is a mutual dependency between this organization and other supply chain members
SC13) This organization’s corporate culture is similar to other supply chain members
SC14) This organization’s corporate decision making is similar to other supply chain members
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Purpose – The purpose of this paper is to examine service level agreements (SLAs) in the retail industry
and uses empirical data to draw conclusions on the relationships between SLA parameters and retailer
financial performance.
Design/methodology/approach – Based on prior SLA theories, hypotheses about the impacts of
SLA confidentiality, choice of chargeback mechanisms and chargeback penalty on retailer inventory
turnover are tested.
Findings – Retailer inventory turnover could vary by the level of SLA confidentiality, and the variation of
retailer inventory turnovers could be explained by chargeback penalty.
Research limitations/implications – The research findings may not be readily applicable to SLAs
outside of the retail industry. Also, most conclusions were drawn from publicly available SLAs.
Practical implications – The significant relationships between SLA parameters and retailer inventory
turnover imply that a retailer could improve its financial performance by leveraging its SLA design.
Originality/value – Not only does this study contribute to the understanding of retail SLA design in
practice, but it also extends prior theories by investigating the implications of SLA design on the retailer
inventory turnover.
Keywords North America, Supply chain management, Retailing, Supplier relations, Mixed method,
Order fulfilment
Paper type Research paper

1. Introduction
“Vendor compliance is imperative to our collective success” (Macy’s, 2017). Retail supply chains
are increasingly reliant on vendors’ demand-fulfillment compliance (Craig et al., 2015).
Many retailers improve the effectiveness and efficiency of inbound logistics by maintaining a
vendor compliance guide that clarifies the expectations of order fulfillment (Terry, 2013). For
example, Tiffany & Co. implemented a vendor compliance program to provide a single-source
reference for packaging, routing and documentation procedures for a large number of small
craft shops that had little logistic expertise (Bradley, 2001). In practice, the key aspect of a
vendor compliance guide is often the service level agreement (SLA), a host of requirements with
key performance indicators for demand-fulfillment expectations (Douglas, 2006; Friedman and
Yazdi, 2010; Douglas, 2012; Inbound Logistics, 2014). The expectations often include, but are
not limited to, on-time delivery and fill rate measured over some finite time horizon (Whipple
and Russell, 2007). In recent decades, more and more retailers have designed requirements
based on their needs and penalized noncompliant vendors. Professional journals in the areas of
supply chain management and logistics are never short on topics about retailers’ use of SLA
parameters or chargebacks (Katz, 2003; Manrodt and Vitasek, 2008; Gilmore, 2010; Douglas,
2012; Terry, 2013; Inbound Logistics, 2014; Attain Consulting Group, 2015). Retailers have no
The author is grateful to the editor-in-chief, associate editor and three anonymous referees for their
insightful and constructive suggestions which have helped significantly in improving the quality of the
paper. The author also thanks Dr Doug Thomas, Dr Mihai Banciu and Dr Craig Nathan for their
valuable feedback on the paper. All errors are the responsibility of the author.
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restrictions when designing SLA parameters, and from the vendors’ perspective, chargebacks
are out of control. The purpose of this study is to analyze, in the presence of chargebacks, how
a retailer’s design of SLA parameters might in return affect its own financial performance.
In general, SLAs stipulate a retailer’s minimum standards for acceptable shipment
arrival dates and shipment completeness. Additionally, retailers often specify contingent
penalties in SLAs as a motivation for vendors to follow any mutually agreed-upon
standards (Simatupang and Sridharan, 2002). As such, retailers believe that SLAs
can improve the efficiency of inbound logistics and material handling processes
(CVS/Pharmacy, 2016). For example, if shipments arrive after the required date or if the
fill rate is less than the required target, then the retailer could reduce the vendor payment
according to the penalty specified in the SLA, a vendor chargeback, which is, essentially,
revenue for retailers. Noncompliant vendors often fight chargebacks in order to recover
revenues deducted by retailers (Retailing Today, 2014). Attain Consulting Group (2015)
surveyed more than 500 companies and found that on-time or on-target requirements in an
SLA are common triggers of vendor chargebacks. On-time requirements typically refer to a
due date by which shipments must arrive, whereas on-target requirements typically refer to
the percentage of the purchased quantity filled over a finite review horizon. The retail
industry relies on SLAs and vendor chargebacks to ensure uniformity in receiving inbound
shipments from vendors. For example, Dollar Tree (2015) stated that failures to comply with
the SLA, such as an inability to ship on time, could result in penalty on the vendor. Boscov’s
Department Store (2015) kept an expense-offset list of routing guide violations; failure to
comply with the shipping requirements would result in the violation fees indicated.
The objective of this empirical study is two-fold. First, this study aims to offer an overview
of SLA parameters in the retail industry. A vendor compliance document is often classified as
confidential because the document may include the retailer’s proprietary information. Thus, the
actual design of SLA parameters and chargebacks in the retail industry is not commonly
known to researchers. An initial review of some sampled SLAs indicates that SLAs tend to
differ with respect to requirements and chargebacks. Considering that consultants and
organizations offer tutorials to vendors on how to navigate increasingly complicated SLA
requirements, the uniformity of SLA parameters does not seem to be the case in practice
(Katz, 2016; Retail Value Chain Federation, 2017; Boyle, 2017). The second objective is to
investigate the implications of SLA parameters on retailer financial performance. Prior studies
theorized that well-designed SLA parameters can effectively coordinate a supply chain. In this
study, we explore another facet of SLAs by investigating the implication of SLA confidentiality
and parameters on retailer financial performance and how much can SLA parameters and
chargebacks help explain the variation in retailer financial performance.
This paper is organized as follows. In Section 2, we contextualize the empirical background
of vendor compliance. In Section 3, specific SLA parameters considered in this study are
explained. In Section 4, we introduce relevant theories and develop hypotheses to be tested.
In Section 5, we describe the methodology for data collection and processing. In Section 6, we
conduct data analysis and report the results. In Section 7, analysis results are discussed to offer
insights into improving SLA design. In Section 8, implications of the study results are presented
to offer some guidance on improving SLA design, along with the conclusion of this study.
2. Empirical context
Dating back to the 1970s, the first vendor chargeback appeared in the apparel business (Hays,
2001). Since then, the practice of vendor chargebacks has become increasingly common in many
other industries, while vendors were usually at a weaker position to dispute any questionable
chargebacks (Hays, 2001; Roubos et al., 2012). This seemingly unfair chargeback practice
between retailers and vendors was prevalent until 2005, when the famous apparel retailer Saks
Fifth Avenue was involved in high-profile federal investigations initiated by its clothing vendors

(Rozhon, 2005a; Byron, 2005). In 2005, many of Saks’s vendors were outraged by the constant
lack of transparency in Saks’s chargeback practices (Rozhon, 2005b). Specifically, Saks was
accused of improperly collecting approximately $20 million in chargebacks from its vendors for
reasons such as short shipments, late deliveries, mismarked merchandise and improper
packaging (Rozhon, 2005c; O’Connell, 2007). Facing an onslaught of vendor complaints and
federal investigations, the department store conducted an internal investigation and announced
that it would return at least $21.5 million to its vendors. Despite the reimbursements, Saks was
still taken to court due to lack of appropriate records justifying the chargebacks made.
Two years later, Saks settled the lawsuits and returned an undisclosed amount of money to
some of the vendors (Barbaro, 2007; O’Connell, 2007). Similar stories about Dillard’s and
Federated Department Stores (now Macy’s) were reported (Rozhon, 2005d). In the wake of the
highly publicized investigations into Saks’s practices, the retailer-vendor atmosphere gradually
changed in vendors’ favor. Notably, retailers have since begun to provide more governing
transparency by supplying comprehensive vendor compliance instructions or SLAs that
describe demand-fulfillment expectations and chargeback policies.
But the transparency afforded by SLA documentation does not stop retailers from
designing SLAs in self-serving ways. In general, demand-fulfillment requirements are tailored
to retailers’ needs (Friedman and Yazdi, 2010). In addition to common expectations, such as
on-time delivery and fill-rate target, retailers can use many other means of measuring how a
purchase order is fulfilled (Novack and Thomas, 2004; Manrodt and Vitasek, 2008). Although
SLA chargebacks have a laudable purpose of improving supply chain and operations
efficiency, vendors tend not to talk openly with retailers about chargebacks if they are still
doing business with the retailers (Hays, 2001). This reticence can allow retailers to increase
requirements and chargebacks without restraints. Hence, it is not surprising that concern
began to build among vendors that the practice of vendor chargebacks was being abused
(Gilmore, 2010). Discussions about vendor compliance and chargeback policies have continued
in recent years (Daugherty et al., 2010; Friedman and Yazdi, 2010; Douglas, 2012; Terry, 2013;
Inbound Logistics, 2014; Boyle, 2017). On the contrary, reports about actual applications of
chargebacks are not as common. Understandably, SLA chargebacks take place only if
something goes wrong, and neither the retailer nor the vendor would be proud of such
incidents. Nonetheless, Altaner (1998) revealed that clothing vendors constantly got hit with
chargeback penalties paid to their retail store chains when instructions were not followed.
Please see Table AI in the Appendix for more anecdotes about SLA chargebacks.
SLAs may not be a binding contract between vendor and retailer without complementary
enforcing mechanisms that serve to deter vendors’ opportunistic behavior against the SLA
requirements (Skjoett-Larsen, 1999; Schneeweiss and Zimmer, 2004; Ogden and Carter, 2008;
Raue and Wieland, 2015). The literature indicates that enforcements fall into two categories:
implicit consequences (e.g. business relationship) and explicit chargebacks (e.g. financial
penalties) (Charron, 2006; Chain Store Age, 2016). An implicit consequence typically entails
decreased promotional priority, less prominent or reduced shelf space, reduced business
opportunities, revoked vendor status or future financial penalties (Wilkinson, 1996; Chain Store
Age, 2003; Ryan, 2010). For example, The Bon-Ton Stores (2015) stated that vendors would not
be back-charged for failing to meet a fill-rate target, but unacceptable fill rates could jeopardize
the business relationship and/or generate future chargebacks. Advance Auto Parts (2015) stated
that repeated failures to meet order-fill and lead times could result in loss of supplier status.
Publix Super Markets (2005) stated that noncompliance jeopardizes business relationships and
could result in a reduction and/or termination of business activity. Nonetheless, anecdotal
evidence suggests that retailers favor explicit chargebacks over implicit consequences for better
control of a vendor’s logistic performance. For example, Walmart has enforced vendor
compliance with respect to its supply chain reliability program by adopting explicit chargebacks
(Cassidy, 2010; Boyle, 2017). Thus, this study focuses on SLAs with explicit chargebacks.
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3. Service level agreement parameters
A stream of empirical studies on the use of SLAs can be related to our study. Groves and
Valsamakis (1998) compared performance measures under the influence of various types of
vendor-customer relationships. Forslund (2007) suggested that formulations, updates, and
measures of logistic performance can be joint efforts between vendors and customers.
Forslund (2009) showed that the design of SLA parameters or chargebacks can vary by
industry or by firm. Forslund (2012) indicated that logistic performance measures could be
similar among logistic service providers, but the service level target can be different. On the
one hand, these studies demonstrated the academic interest in SLA parameters. On the other
hand, a review of retail SLAs in practice and the links between SLA parameters and retailer
financial performance remain to be addressed in the literature.
3.1 Service level requirements
In this study, on-time requirements pertain to meeting a specified delivery due date. Teng
and Jaramillo (2005) illustrated on-time delivery as a common expectation of vendors on
which their performance is evaluated. Wang and Yan (2009) incorporated a penalty cost
charged to the supplier for each customer order not completed on time. van de Klundert and
Wormer (2010) minimized the number of customers (i.e. implicitly assuming a lump-sum
penalty for each noncompliance delivery) whose waiting time exceeded the threshold values
specified in the SLAs. In practice, acceptable deliveries have to be made by some
prespecified due date that appears on the purchase order or by a number of days after the
due date, which is the so-called grace period (Lee et al., 2001; Jaruphongsa et al., 2004).
An initial observation of sampled SLAs suggests that retailers tend to omit information
about grace periods in their SLAs. Thus, this study will focus on on-time requirements and
the consequences of late delivery.
We also considered on-target requirements, or fill-rate targets, which specify the
completeness or accuracy of the expected shipment quantity across the delivery
(or deliveries) as specified on the purchase order. On-target noncompliance events have
been recognized as one of the common non-correctable fulfillment errors in the retail
industry (Craig et al., 2015). The fill rate of a finite review horizon has been extensively
studied in the literature. Chen et al. (2003) and Banerjee and Paul (2005) investigated the
distributions of the expected fill rate as a function of the review horizon. Thomas (2005)
demonstrated the impacts of the relationship between the length of the review horizon and
the fill rate on inventory decisions. Durango-Cohen and Yano (2006) studied how the
supply chain could be coordinated under the vendor chargeback, which is a function of
the fill rate. Other applications of fill rate in the context of inventory management can be
found in Guijarro et al. (2012).
3.2 Noncompliance chargebacks
An explicit chargeback (hereafter “chargeback”) is some financial penalty either deducted
from the payments or separately charged to the vendor to discourage the vendor’s demandfulfillment errors (Craig et al., 2016). Albeit undesirable, chargebacks are supposedly the most
straightforward way to motivate vendors to adhere to SLA requirements (Frazelle, 1998;
Putka, 2000). A survey of 100 top retail and consumer goods companies showed that
67 percent of participants used chargebacks if the vendors failed to meet SLA requirements
(Business Wire, 2007). One common reason for imposing chargebacks is to offset the retailer’s
administrative costs or operating losses associated with processing noncompliant
deliveries (Buckle, 2015). Sieke et al. (2012) and Liang and Atkins (2013) both proved that
contracts with chargebacks can coordinate a supply chain. Ryall and Sampson (2009)
empirically found that high-technology firms’ contracts could be more detailed and more
likely to include chargebacks when engaging in frequent deals with trading partners.

Chargebacks are typically either variable-fee or flat-fee penalties. Specifically, the
variable-fee penalty varies with the quantity or percentage by which actual performance is
below the target performance, whereas the flat-fee penalty does not change according to the
extent by which actual performance deviates from the target. SLA examples of variable-fee
penalties are as follows: Big Lots (2015) stated that for a purchase order that was not
shipped on time, the deduction amount would be $250 plus up to 6 percent of the invoice
amount, depending on the number of delayed days. Pep Boys (2011) charges 5 percent of
cost on items not shipped if the fill rate falls below the target. Examples of flat-fee penalties
are as follows: A retail bookseller ( for confidentiality reasons, the name is hidden but
available upon request) specifies that the fill-rate target is 100 percent and the penalty cost
per order if the delivery quantity is under the purchased quantity is $200. A drugstore chain
(name available upon request) stated that a purchase order would be considered
noncompliant and would result in a $150 penalty per purchase order if less than 96 percent
of total quantities ordered were not delivered by the due date.
To summarize, Figure 1 visualizes the structure of the SLA parameters under consideration
in this study.
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4. Hypothesis development
Known purposes of a retailer’s SLA is to standardize, streamline, and optimize the retailer’s
inbound logistics. Furthermore, it is generally believed that effective inbound logistic
services enable retailers to improve their financial performance because they are able to
offer better product availability to their end consumers (Groves and Valsamakis, 1998;
Christensen et al., 2007; Toyli et al., 2008). Thus, we plan to investigate the potential links
between SLA parameters and retailer financial performance. Throughout the analysis,
retailer inventory turnover, a common financial indicator in the retail industry, is considered
a performance variable, whereas SLA parameters and chargebacks are considered
explanatory variables.
4.1 SLA confidentiality
In practice, a retailer is not obliged to publish its SLA. As a result, many retailers archive
their SLAs on a dedicated web space where only preapproved vendors can log in and access
the SLA-related documents. In this case, the SLAs are not shared with entities outside
the retailers’ supply chains, including competing retailers. Some SLAs are available in the
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public domain, whether or not those SLAs proclaim to be confidential. These SLAs are
shared not only within but also outside the retailers’ supply chains, including competing
retailers. For the purpose of this study, we define SLAs that are unavailable in the public
domain as strictly confidential SLAs. Conversely, we define SLAs that are available in the
public domain as weakly confidential SLAs.
Regardless of the level of SLA confidentiality, a retailer’s SLA is to be vertically shared
with the trading partners within its supply chain. Vertically sharing SLA information across a
firm’s own supply chain can drive the firm toward collaborative business models and improve
logistics or financial performance (Fawcett et al., 2007; Blankley, 2008; Biotto et al., 2012).
Mason-Jones and Towill (1997) and Mason-Jones and Towill (1999) substantiated the
tremendous benefits of information sharing and advocated the necessity of information
sharing throughout the supply chain. In addition to the expansive empirical studies, analytical
studies such as Lee et al. (2000) and Cachon and Fisher (2000) theoretically quantified the
benefits of information sharing in a supply chain as well. Blankley (2008) studied how
financial gains are realized as the result of investments in the supply chain management
technology. Moreover, Blankley (2008) constructed a chronological model that neatly laid out
the causalities related to our study: a firm’s information sharing can lead to operational
improvements, which can improve the firm’s inventory investment and logistic measures
(e.g. fill rates and lead times), which consequently improves the firm’s financial performance.
As such, this study is not concerned with the positive effect that the vertical sharing of SLA
information has on a retailer’s financial performance.
But little is known about the effects of sharing SLA information with competing retailers
on a retailer’s own financial performance. Li (2002) stated that sharing market demand or
own cost information with competing retailers has uncertain impacts on the entities
engaged in information sharing. That is, in the presence of competition, obtaining additional
information does not necessarily make the informed retailer better off, and giving away
private information to other retailers does not necessarily make the original information
holder worse off. Zhang (2002) considered the confidentiality of the shared information and
analyzed retailer competitions under various game-theoretic settings. Moreover, one of the
conclusions made by the author is that no information sharing is the unique equilibrium for
both Cournot and Bertrand types of competition. Li and Zhang (2008) found that increasing
the level of information confidentiality can alleviate double marginalization and hence
benefit the supply chain as a whole. Many other articles on information sharing under
horizontal competition also conclude that firms may not want to share demand information
under competition (Anand and Goyal, 2009). Given the expansive studies of sharing demand
information in the presence of competing retailers, we hypothesize that retailer financial
performance could be affected by the level of SLA confidentiality in a certain way:
H1. Retailers with weakly confidential SLAs have lower inventory turnovers than
retailers with strictly confidential SLAs.
4.2 Chargeback mechanisms: flat-fee vs variable-fee
In the event of SLA noncompliance, the vendor facing a flat-fee penalty pays a fixed amount,
whereas the vendor facing a variable-fee penalty pays a fee that is a function of the
magnitude of the underperformance. While both chargeback mechanisms can be found in
the literature, many supply chain management studies use variable-fee penalties as
inventory underage or back-order costs when modeling supply chain coordination
problems. Qi et al. (2009), Teunter et al. (2010) and Beutel and Minner (2012) minimized total
supply chain costs consisting of inventory holding and penalty costs, and the latter can be
modeled such that they are proportional to the shortage quantities. Relatively fewer studies
have modeled a flat-fee penalty as part of the supply chain costs. Thomas (2005) used

simulation to investigate the implications SLA review horizon has on the optimal base-stock
level while assuming flat-fee penalties for the SLAs. Sieke et al. (2012) derived optimal SLA
parameters and their interdependencies when the supply chain is coordinated by either a
flat-fee or variable-fee penalty. Liang and Atkins (2013) compared the effectiveness of the
chargeback mechanisms in coordinating a supply chain. Liang and Atkins (2013) concluded
that a variable-fee penalty is more robust than a flat-fee penalty with respect to mitigating
the strategic behavior of a vendor in fulfilling demands, which could increase the variance of
the fill rates and hence negatively affect the retailer’s product availability. Thus, we
hypothesize that retailer inventory turnover would vary by SLA chargeback mechanism in
a certain way:
H2a. For on-time requirements, the retailers setting a flat-fee penalty have lower
inventory turnovers than the retailers setting a variable-fee penalty.
H2b. For on-target requirements, the retailers setting a flat-fee penalty have lower
inventory turnovers than the retailers setting a variable-fee penalty.
4.3 Financial penalty
Prior studies on SLA chargebacks tend to, for a given set of parameter values, focus on
optimal penalties that can coordinate the supply chain. That is, the implication of the
chargeback penalty variation is not always of concern. Nonetheless, some studies suggest
that the magnitude of the penalty could positively affect the supplier’s compliance, which
then improves the retailer’s inventory management. Zimmer (2002) illustrated that penalty
costs not only compensate the shortage cost of the vendor but also influence the vendor’s
capacity decision. Ching et al. (2011) examined the service capacity problem in outsourcing
supply chains. Moreover, the buyer can impose a fixed penalty on the vendor if the vendor
fails to meet the promised delivery-time requirement. Ching et al. (2011) showed that the
penalty cost has a positive impact on the equilibrium service capacity. Chen and Thomas
(2018) illustrated that increasing the chargeback penalty tends to help the retailer gain
a preferential inventory allocation from the vendor. Therefore, we hypothesize that a
significant relationship exists between SLA chargeback penalties and retailer inventory
turnover. Note that we focus on only a certain penalty component that is invariant with the
shortage units (Chen, 2017):
Penalty ¼ aþbðDyÞc ;
where D is the demand quantity; y is the supplier’s base-stock level; and a, b and c are
constant terms that determine the mechanism of the chargeback. The penalty cost involving
b and c depends on the shortage unit. In this study, we disregard the variable portion of the
penalty (i.e. b and c) when analyzing the relationship between the chargeback penalty and
the retailer’s financial performance for simplicity:
H3. Chargeback financial penalty magnitude has significant effects on retailer
inventory turnovers.
Figure 2 visualizes the aforementioned hypotheses.
5. Methodology
We aim not only to help vendors better understand industry-wide expectations of logistic
measures, but also to help retailers make informed decisions when designing or updating
their SLAs. To this end, we independently collected SLA documents of major US retailers
from the internet. Subsequently, we consolidated SLA confidentiality, chargeback
mechanisms, fill-rate targets (the percentage of ordered quantity expected to be filled),
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fill-rate review horizons (the time horizon during which the fill rate is being measured) and
retailer inventory turnover (the cost of goods sold divided by the average inventory cost)
for analysis purposes. To ensure the availability of a company’s inventory turnover data, we
looked at only the publicly listed retailers.
5.1 Sampled population
More than 1 million US companies in the retail sector could have SLAs with their suppliers
(Bureau of Labor Statistics, 2016). The sampled population was reduced to a manageable
size of 184 companies by selecting retailers with public financial information as well as
annual sales greater than $100 million. We then exhaustively searched for weakly
confidential SLAs that were publicly available: 56 companies had their SLA document
available on the internet, while 128 companies either granted access only to preapproved
vendors (on dedicated websites) or appeared to have no information regarding the
document. Table I describes the SLA confidentiality frequency and the inventory turnover
statistics by retail subsectors. Please see Table AII in the Appendix for the SLA
confidentiality frequency in relation to other retailer attributes.
5.2 Parsing data
In each of the sampled SLAs, we searched for chargeback information related to on-time or
on-target requirements. Parsing every sentence was necessary to collect the needed SLA
parameter information, if available at all, in the document. For example, SLA documents
have different names such as “compliance manual,” “shipping requirement,” “routing
guide,” “vendor reference” or “logistical standards.” Similarly, chargebacks can be referred

SLA confidentiality
Weak
Strict

Retail subsector
Motor vehicle and parts dealers (441)
Furniture and home furnishings stores (442)
Electronics and appliance stores (443)
Building material, garden equipment and supplies dealers (444)
Food and beverage stores (445)
Health and personal care stores (446)
Gasoline stations (447)
Clothing and clothing accessories stores (448)
Sporting goods, hobby, book and music stores (451)
General merchandise stores (452)
Miscellaneous store retailers (453)
Nonstore retailers (454)

3
2
2
3
5
2
1
19
4
11
3
1

12
9
10
7
12
7
1
24
11
12
2
21

Inventory turnover
M
SD
5.31
3.87
8.48
3.83
14.69
10.59
46.65
4.53
3.03
4.36
5.08
21.01

4.42
2.59
10.94
2.19
7.60
13.94
31.59
2.43
1.19
2.31
2.45
30.64
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to as “deductions,” “fees,” “fines,” “failure costs,” “violation charges,” “expense offsets,”
“penalties,” “recovery charges” or “reimbursement charges.” We also discovered that the
100 percent fill-rate target can be denoted as “complete shipment,” “no partial shipment is
allowed,” “no short shipping,” “ship exact quantity as ordered” and the like. When none of
the chargeback-related terms could be found in the documents, we viewed such SLAs as
contracts with implicit consequences. Table II tabulates the frequency of the SLA
confidentiality and parameters to be analyzed in Section 6.
5.3 Data transformation
Studies show that differences in retailer inventory turnover could be attributed to retail
subsectors (Gaur et al., 2005; Gaur and Kesavan, 2009). Because the sampled population
consisted of publicly traded companies, we were able to collect the inventory turnover
information of each sampled retailer as well as the subsector averages. To control the effects
of retail subsectors on inventory turnover, we used centered inventory turnovers—an
individual retailer’s turnover minus the respective subsector turnover average. Moreover, to
improve the normality conformance of the data, the natural logarithms of the centered
inventory turnover and chargeback penalties were used.
6. Data analyses and results
To offer conclusions for the hypotheses, we will use a 5 percent significance level for
evaluating the statistical results. We use various statistical methods such as two-sample
t-tests and generalized linear regression. All of the following statistical analyses were done
in MATLAB (2017).
6.1 H1
We conducted a two-sample t-test based on the assumption that the two samples are from
normal distributions with unknown and unequal variances (Brown-Forsythe test p o0.05).
Confidentiality ( frequency)

Logistics expectations

Enforcement ( frequency)

Mechanisms ( frequency)

Weak (56)

On-time requirement

Explicit chargeback (39)

On-target requirement

Explicit chargeback (31)

n/a

n/a

Variable-fee penalty (17)
Flat-fee penalty (22)
Variable-fee penalty (14)
Flat-fee penalty (17)
n/a

Strict (128)

Table II.
SLA confidentiality
and parameters for
statistical analysis
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The results show that the retailers with weakly confidential SLAs had lower inventory
turnovers (M ¼ 0.18, SD ¼ 2.77) than did those with strictly confidential SLAs (M ¼ 3.08,
SD ¼ 14.15), t(147.61) ¼ −2.23, p ¼ 0.014 (one-tailed). Note that the non-integer degrees of
freedom were derived from Satterthwaite’s approximation.
6.2 H2a and H2b
Alternative H2a and H2b were evaluated through a two-sample t-test. For the on-time
requirement hypothesis, we assumed that the two samples were from normal distributions
with unknown and equal variances (Brown-Forsythe test pW 0.05). The results show that
the retailer inventory turnover was not significantly different between SLAs with flat-fee
penalties (M ¼ 0.40, SD ¼ 1.89) and SLAs with variable-fee penalties (M ¼ −0.52, SD ¼ 2.35),
t(37) ¼ −1.36, p ¼ 0.09 (one-tailed). The pooled estimate of the population mean was 0.0001
and the standard deviation was 2.10. Thus, H2a was not supported. For the on-target
requirement hypothesis, we assumed that the two samples were from normal distributions
with unknown and unequal variances. The results show that the retailer inventory turnover
was not significantly different between SLAs with flat-fee penalties (M ¼ 0.22, SD ¼ 1.21)
and SLAs with variable-fee penalties (M ¼ −0.11, SD ¼ 2.72), t(17.23) ¼ −0.43, p ¼ 0.336
(one-tailed). Thus, H2b was not supported.
6.3 H3
The alternative hypothesis that the chargeback penalty can significantly affect the retailer
inventory turnovers was tested with a generalized linear regression model (Kutner et al.,
2005). Gaur et al. (2005) and Gaur and Kesavan (2009) established regression models to
investigate the relationship between a firm’s inventory turnover and financial performance,
such as capital investment, gross margin and annual sales. We extended the regression
models by using the SLA parameters and chargebacks as the explanatory variables. In our
parsimonious regression model, we controlled the collaborative inventory-management
practices as well as the fill-rate target and review horizon in the SLAs when testing the
hypothesis (Sieke et al., 2012; Liang and Atkins, 2013; Abbasi et al., 2018).
When a vendor and a retailer form a vertically collaborative supply chain to share their
responsibilities and information to serve end customers, the supply chain is better
positioned to carry out collaborative inventory management activities such as quick
response; collaborative, planning, forecasting and replenishment; vendor-managed
inventory; and continuous replenishment planning (Simatupang and Sridharan, 2002;
Williams and Tokar, 2008). Considering the potential impacts of these activities on retailer
inventory turnover, we controlled the collaborative inventory-management activities for the
regression model by devising a simple binary variable indicating whether the retailer
engages in any collaborative inventory management activities as shown in the SLA.
As for controlling the fill-rate target and the review horizon for the model, we found that
the sample fill-rate targets range from 80 to 100 percent, while more than half of the
observations are 100 percent (skewness ¼ −2.88). Similarly, the sample review horizons can
be per order, weekly, biweekly, monthly, quarterly or some number of days, whereas more
than half of the observations are per order or weekly. To focus on the effects of the extreme
values of the variables rather than the mean changes in the turnover for one unit of change
in the variable, we converted the heavily skewed quantitative data, or categorical data, into
dichotomous variables (MacCallum et al., 2002). That is, we respectively partitioned the
observations of the fill-rate target and review horizon into two distinctive groups: first, lessthan-100 percent fill-rate target (reference category) or 100 percent fill-rate target, and
second, single-period review horizon (reference category) or multiple-period review horizon.
Table III shows that the on-time chargeback penalty appears to be an insignificant
predictor of the retailer inventory turnover, but the on-target chargeback penalty can be a

Coefficient
Intercept
Explanatory variables
log on-time chargeback penalty
log on-target chargeback penalty

SE

t-statistics

p-value

4.0662

0.0439

92.6040

o0.001

0.0091
−0.0266

0.0076
0.0090

1.1940
−2.9606

Service level
agreements
and
chargebacks

0.2510
0.0097

Controlled for explanatory variables
Review horizon
−0.0167
0.0152
−1.0999
0.2887
Fill-rate target
−0.0082
0.0126
−0.6541
0.5229
Collaborative inventory management
0.0104
0.0180
0.5799
0.5706
Notes: Number of observations: 21; error degrees of freedom: 15. Root mean squared error: 0.0233. R2: 0.398;
adjusted R2: 0.198. F-statistic vs constant model: 1.99; p-value ¼ 0.139

significant predictor for retailer inventory turnover. Moreover, the impact of the on-target
chargeback penalty on retailer inventory turnover is negative. For example, holding the
other predictor variables constant, we expect that a 10 percent increase of the on-target
chargeback penalty can result in an estimated 0.25 percent decrease in inventory turnover
(see the Appendix for the calculation details). The Anderson–Darling test shows the
regression residuals followed a normal distribution.
7. Discussion
7.1 Significant role of SLA confidentiality (H1 supported)
Consistent with the findings in Li and Zhang (2008), we found that SLA confidentiality
holds value to the information owners/retailers and tends to associate with high retailer
inventory turnover. The following studies help explain our findings. Raith (1996) stated
that if a firm is perfectly informed about its own cost, it is generally not true that it
benefits from obtaining information about its rivals as well. Vives (1984) stated that, if the
goods are substitutes, not to share information is a dominant strategy for each firm in
Cournot competition. In an oligopoly where firms observe uncertain market signals,
Gal-Or (1985) found that not revealing private information is the unique Nash equilibrium.
Although SLA parameters are not exactly uncertain marketplace signals such as demand,
it is still up to the firms to determine the level of output to be publicized on the basis of the
information available to the firm.
A rather intuitive explanation of the results is as follows. If a retailer’s SLA is strictly
confidential, then no competing retailers would know about the retailer’s chargeback
penalty costs. More importantly, a retailer with a strictly confidential SLA may take
advantage of weakly confidential SLAs by strategically adjusting its chargeback penalty
according to the weakly confidential SLAs for improving its own vendor’s fulfillment
service. For example, having suffered from ongoing compliance issues, the supermarket
chain Safeway (2013) stated that “an unintended consequence of not having a penalty for
not showing up for an appointment is that our loads are compromised so carriers can make
appointments with competitors that currently have a missed appointment fee.” As a result,
Safeway responded to publicly available SLA penalty information and instituted a fee-based
compliance program. The supermarket chain would not have made such a decision had it
not known about its competitors’ SLA information.
Another plausible explanation of the results is as follows. The assumption for H1 is that
every retailer has either a weakly or a strictly confidential SLA. If this assumption is
relaxed, a possible scenario is that retailers not publicly sharing their SLAs actually have
not furnished any SLAs. After all, an SLA is not (yet) a required legal document to enable
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transactions between a retailer and a vendor. As such, retailers with little inbound logistics
troubles may not feel the urgency to have an SLA, whereas retailers facing major inbound
logistics issues may feel a pressing need to correct or alleviate the issues by furnishing
an SLA. For example, the aftermarket auto chain Pep Boys had many vendors who
frequently missed delivery deadlines or delivered incomplete shipments. As a result,
Pep Boys was unable to move merchandise in and out of its distribution centers efficiently.
To systematically monitor vendor activities over time, Pep Boys started to use a compliance
management system to manage fulfillment-related rules that govern inbound logistics
(Douglas, 2006).
7.2 Insignificant role of chargeback mechanism (H2a and H2b not supported)
The results of the analysis suggest that the retailer inventory turnover does not
significantly vary with the retailer’s choice of chargeback mechanism, namely, variable-fee
and flat-fee penalties. Some prior studies help explain the results. Sieke et al. (2012) showed
that both chargeback mechanisms can effectively coordinate a supply chain as long as the
chargeback penalties are set in conjunction with other SLA parameters. Chen (2017)
numerically compared the flat-fee and variable-fee chargeback mechanisms and found that
neither mechanisms can minimize the expected noncompliance penalty costs for the supply
chain under all experimented values of SLA parameters.
On a side note, as shown in Table II, the SLAs with a flat-fee penalty seem to be more
popular than the SLAs with a variable-fee penalty. Our conjecture is that the use of the flatfee penalty is conceptually more straightforward than the variable-fee penalty, thereby
reducing administrative burdens in justifying penalty increments with respect to the
magnitude of underperformance. Another plausible explanation is that blatantly setting an
intimidating flat-fee penalty may help deter vendors from performing badly. Moreover,
Chen and Thomas (2018) found that a retailer could lose its strategic leverage in influencing
a supplier’s choice of inventory allocation rule if the retailer uses a variable-fee penalty,
thereby making the variable-fee penalty less popular than the flat-fee penalty.
7.3 Significant role of chargeback penalty (H3 partially supported)
The results show that the on-time chargeback penalty has little to do with retailer inventory
turnover, which makes us wonder how careful the retailers were when determining their ontime chargeback penalties. Could the magnitude of the on-time chargeback penalty be
entirely arbitrary? Interestingly, one supermarket chain (name available upon request) has
stated the following in its vendor compliance document: “The [delivery compliance]
fee structure was developed by taking our competitor’s policies, plotting them and taking
the mid-point. We feel the fee is fair and the intent isn’t to generate fees; it is to change the
behavior so we can receive the inventory on the same day the carrier committed to
delivering it.” It turns out that benchmarking other retailers’ chargebacks and adopting the
industry norm seems to be one way that a retailer may set its on-time chargeback penalty.
As a result, there could be little connection between retailers’ on-time chargeback penalties
and their financial performance (Craig et al., 2016).
On the other hand, we found that the on-target chargeback penalty can help explain the
variation of the retailer inventory turnover, revealing the strategic role that the SLA
chargeback penalty plays in contributing to retailer financial performance. A domestic
merchandise retail chain (name available upon request) states the following in its vendor
compliance document: “[The company] has gone to great lengths to ensure that chargebacks
are not arbitrary and accurately reflect agreed upon deductions, and that all compliance-related
chargebacks meet our needs for cost recovery.” Moreover, the negative sign of the coefficient
could be explained as follows. In general, a chargeback should be significant enough to deter
bad fulfillment performance of vendors. However, Liang and Atkins (2013) pointed out that a

strategic vendor who faces an SLA chargeback might drop efforts in fulfilling the retailer’s
order if the vendor has no chance of attaining the target in the review horizon. Intuitively, the
larger the chargeback is, the more likely a vendor may quit servicing its retailer early, thereby
hurting the retailer’s financial performance eventually.
7.4 Research limitations
Considering that the size of a sample contributes to the statistical power of the test, we tried
to collect as many SLAs as possible. In addition, the sampled SLAs were all from the retail
industry, which somewhat limits the generalizability of the findings outside of the retail
industry. Lastly, this empirical study aims to shed light on what SLA parameters and
chargebacks are in practice and how they may affect retailer financial performance. Despite
the limitations, we hope this study provides guidance to future SLA researchers.
8. Managerial implications and conclusion
8.1 Theoretical implications
Future research studies may consider investigating the effectiveness of using implicit
charge-backs in SLAs. Despite the focus on explicit chargebacks, implicit consequences are
considered as capable as explicit chargebacks when it comes to contributing to the success
of a vendor’s performance (Wiengarten et al., 2013). Slobodow et al. (2008) showed that the
application of implicit consequences in the context of trust and a long-term relationship can
lead to improved fill rates and on-time deliveries. Liang and Atkins (2013) discussed how
relational factors, such as reputation, may play a role in SLA enforcement. In fact, contracts
with an appropriate combination of explicit chargebacks and implicit consequences
appeared to be a subject of interest in many studies (Baker et al., 1994; Poppo and Zenger,
2002; Levin, 2003; Mayer and Argyres, 2004). Holmstrom (1981) provides a qualitative
comparison between contracts with explicit chargebacks and those with implicit
consequences. Economic literature also contains extensive discussions on the essences of
implicit consequences. The enforcing mechanisms of a contract with implicit consequences,
such as business relationship degradation, have been recognized as effective incentives in
the contract theory (MacLeod and Malcomson, 1989, 1998; Levin, 2003). That is, the contract
between two parties leverages “job security” as the most important non-financial motivation
and can be enforced on mutually-agreed upon terms (Azariadis, 1975). With subjective
performance measures, Levin (2003) stated that contracts with business relationship
termination mechanisms could be optimal. To enable such contracts, repeated transactions
between two parties are necessary to credibly carry out the termination upon each other
(Levin, 2003). By having a contract with implicit consequences, the value of the business
relationship, not the value of any contract component, becomes subjective. Bull (1987)
showed how contracts with implicit consequences, or “gentleman’s agreements,” can
effectively bind contracting parties in place of a legal contract in the labor market.
The implicit consequences can be particularly effective if a vendor is in a weak negotiation
position or views its reputation as more important than any other logistical measurements
(Zinszer, 1997; Forslund, 2007; Nyaga et al., 2013). However, the conditions under which a
retailer would choose implicit chargebacks over explicit chargebacks have not been
analyzed in the context of SLAs.
Future work may also investigate the implications of the chargeback mechanisms on a
supply chain’s expected penalty cost. In the sample, we have observed many different
mechanisms of explicit chargebacks:
•

Convex mechanism: penalty increases nonlinearly as fulfillment performance drops
further below a required level of service (it may or may not contain a flat-fee penalty
as the minimum penalty).
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•

Linear mechanism: penalty increases linearly as fulfillment performance drops
further below a required level of service.

•

Affine mechanism: penalty comprises a flat-fee penalty and a linear penalty.

•

Stepwise mechanism: penalty increases intermittently as fulfillment performance
drops further below a required level of service (it may or may not contain a flat-fee
penalty as the minimum penalty).

Retailers can choose any of these chargeback mechanisms. Chen (2017) compared the
flat-fee and linear penalties and found that they resulted in markedly different expected
penalty costs, all else being equal.
8.2 Practical implications
First, simply because retailers with weakly confidential SLAs tend to have lower inventory
turnover does not imply that they must immediately increase the level of confidentiality of
their SLAs. The causality behind this finding requires further research. Second, retailers
should not set SLA chargebacks wildly different from the industry norms. Third, the choice
of chargeback mechanism may not matter as much as the magnitude of the chargeback
penalty. Last, symbolically charging a small penalty to foster a long-term relationship with
vendors could contribute more to a good financial performance for a retailer than punitively
charging a large, off-putting penalty. Overall, the empirical evidence gained from this study
suggests that retailers who want to improve their inventory turnover should not overlook
the opportunity offered by SLA design.
8.3 Conclusions
Retailers rely on their vendors to deliver products on time and fill orders up to the fill-rate
target to ensure operations efficiency and product availability. In the presence of SLAs,
vendors are expected to follow retailers’ inbound logistic requirements and face
chargeback penalties for any noncompliance, such as late or partial deliveries. This
empirical study offers insights that could be valuable for improving the understanding of
SLA design in the retail industry. Specifically, we confirmed that retailers that keep their
SLAs strictly confidential (not shared outside the retailers’ own supply chains) tend to
have higher inventory turnovers than those that keep their SLAs weakly confidential
(shared with any entities outside the retailers’ own supply chains). Furthermore, we found
that the choice of chargeback mechanism (i.e. flat-fee vs variable-fee penalty) has little
effect on the retailer inventory turnover. Lastly, we showed that the larger the on-target
chargeback penalty, the smaller the retailer inventory turnover could be. Overall, this
exploratory study adds to the existing literature on SLAs in three ways: providing an
overview of SLAs, summarizing common SLA parameters and chargebacks, and making
statistical conclusions with respect to theoretical beliefs or conventional wisdom about
SLA design. Most important, this study reveals opportunities for retailers to improve
inventory turnovers via SLA design. We encourage future research to advance the
understanding of SLA practices.
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Appendix
Additional empirical evidence
Table AI shows the anecdotal references that illustrate the effectiveness of explicit chargebacks on
improving a vendor’s demand-fulfillment performance.

Table AI.
Empirical evidence
from professional
commentators

References
Explicit
chargeback

Frazelle (1998), Avery (2000), Chain Store Age (2003), Atkinson (2007), Business Wire
(2007), Harrington (2008), Slaughter (2009), Cassidy (2010), Terry (2012) and Douglas (2016)

Additional statistics of the SLAs
Table AII shows the frequency of weakly or strictly confidential SLAs by the retailers’ number of
employees or sales amount.

SLA confidentiality
Retailer characteristics

Table AII.
Confidentiality of
sampled SLAs by
retail characteristics

Weak

Strict

Number of employees
1,001–5,000
5,001–10,000
10,001–50,000
50,001–100,000
100,001 and more

5
10
24
8
9

58
26
27
6
11

Sales amount (million)
$100–1,000
$1,000–2,500
$2,500–5,000
$5,000–10,000
$10,000 and more

12
8
9
10
17

52
26
21
6
23

Regression coefficient numerical example
Let CIT denote the centered inventory turnover, and P1 and P2 denote any two values of the ontarget chargeback penalty. Holding the other predictor variables at any fixed value, the regression
model yields:
log ðCITðP2ÞÞ log ðCITðP1ÞÞ ¼ 0:0266Uðlog ðP2Þ log ðP1ÞÞ


) log CITðP2Þ=CITðP1Þ ¼ 0:0266U log P2=P1
0:0266
) CITðP2Þ=CITðP1Þ ¼ P2=P1
:
Therefore, if P2/P1 ¼ 1.1, then CIT (P2)/CIT (P1) ¼ 0.9975.
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Abstract
Purpose – The purpose of this paper is to reveal benefits and factors (elements) of proximity manufacturing
that enhance triple bottom line (TBL) sustainability in the clothing industry and discusses previous proximity
manufacturing studies.
Design/methodology/approach – A systematic review is used in searching and extracting data (primary
studies artifacts and proximity manufacturing elements) from peer-reviewed articles. Extracted elements are
gathered and analyzed in constructed tables under TBL. Four subgroups are inducted under the business
bottom line.
Findings – This paper shows the potential of proximity manufacturing to enhance TBL sustainability, the
scope of proximity manufacturing, and the trend and absence of existing studies. The most frequently
mentioned elements are time-to-market, job creation, product quality, quick response, and trade policies.
Governments and clusters are also important players.
Research limitations/implications – Future research can further explore elements potentially improving
TBL sustainability to fill gaps in existing studies, including how proximity manufacturing can drive environmental
and social practices, and how governments can encourage proximity manufacturing in various markets.
Practical implications – Besides perceiving the benefits of proximity manufacturing, businesses may use
the derived elements to make manufacturing decisions.
Social implications – Public policies giving privileges to the locally produced garment industry have great
potential to drive the economy and employment as well as sustain local clothing knowledge and the environment.
Originality/value – Proximity manufacturing strategies toward sustainability are under-researched
academically and under-practiced industrially; this paper provides insight into sustainability benefits of
proximity manufacturing.
Keywords Sustainability, Process management, Literature review, Europe, Asia, North America,
Sourcing and supply, Supply chain innovation, Supplier management, Offshoring-reshoring
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1. Introduction
The clothing industry, as well as other labor-intensive industries, has over the last
few decades been focused on a factory-on-wheels strategy (Collett and Spicer, 1995;
Dicken, 2011) to minimize the total cost of production (Burt, 2003), utilizing low-cost labor
as well as government-given benefits such as tax cuts, subsidiaries, and business-friendly
An earlier version of this work was presented at NOFOMA conference in 2017. This work is a part of
the project under the Erasmus Mundus Joint Doctorate Programme, “Sustainable Management and
Design for Textiles” (SMDTex), which is financed by the European Commission.

legislation (Dicken, 2011). This practice is now challenged, as “taking home
manufacturing,” or reshoring, is a new trend in production (Ellram et al., 2013).
Several reasons are stated for the trend change, including the rising cost of labor
in low-cost countries (Ellram et al., 2013), longer shipping times (Bradley, 2005), and the
desire to produce closer to the end-customer’s location (Kärkkäinen et al., 2003). This is
also shown by the current trend of adopting sustainable supply chain management
(SSCM) practices, focusing on environmental and social dimensions, including
corporate social responsibility (CSR) projects. However, clothing industry companies
rarely adopt proximity manufacturing within their sustainability practices (Turker and
Altuntas, 2014).
Many proximity manufacturing or sourcing strategies studies have focused only on the
business/economic dimensions of coping with demand uncertainty or finding optimal
sourcing options between local and global manufacturing since the 1990s (Forney et al.,
1990; Christerson and Appelbaum, 1995; Guercini and Runfola, 2004; Barnes and LeaGreenwood, 2006; Martin et al., 2006; Dana et al., 2007; Macchion et al., 2015). These studies
failed to explore proximity manufacturing for improving sustainability in the clothing
industry, particularly in enhancing economic, environmental, and social dimensions of the
triple bottom line (TBL). Most SSCM studies also ignored to consider all TBL dimensions as
well as the relationship between proximity manufacturing and sustainability shown in some
literature review studies on SSCM (Seuring and Müller, 2008; Ahi and Searcy, 2013;
Rameshwar et al., 2017). Therefore, the first gap regards the lack of attention in both
academic and industrial fields on implementing proximity manufacturing in the clothing
industry to enhance TBL sustainability.
Recently, a few researchers (Desai et al., 2012; Gardetti and Torres, 2013; Shen, 2014;
Ashby, 2016) have studied proximity manufacturing in the clothing industry, covering all
dimensions of TBL sustainability. However, these studies provide little evidence to justify
the claim that proximity manufacturing can enhance TBL sustainability, which is the
second gap. Furthermore, there are few literature reviews regarding sustainability in
clothing supply chains such as a recent literature review by Yang et al. (2017) regarding
sustainable retailing in the clothing industry. Yang et al. (2017) focused on disposable
fashion, green branding, secondhand-fashion retailing, reverse logistics, and e-commerce
opportunities while this paper explored close proximity between manufacturing point and
consumption point as a way to enhance TBL sustainability.
Therefore, this paper aims to provide a comprehensive overview on proximity
manufacturing benefits for each dimension of TBL sustainability and presents a literature
review of existing studies linking proximity manufacturing with sustainability in clothing
supply chains.
This paper presents two research questions (RQs), shown below:
RQ1. What are the most frequently mentioned benefits and factors of proximity
manufacturing in the clothing industry under each dimension of TBL
sustainability presented in existing literature? RQ1 will reveal both common and
different frequently mentioned benefits among various markets/contexts.
RQ2. How has proximity manufacturing in relation to the TBL dimensions of
sustainability been studied (research methods and data sources, studied markets
and production locations, and TBL dimensions included)? RQ2 will reveal trends
and absences in existing studies.
The contributions of this paper are threefold. First, it integrates the proximity
manufacturing perspective into the TBL concept, providing the potential to enhance
clothing supply chain sustainability through manufacturing locally. Second, this paper
explores how proximity manufacturing benefits each TBL dimension, leading practitioners
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and policy makers to support proximity manufacturing for sustainability. Third, the
findings of this paper help identify research gaps from the literature, providing an agenda to
future researchers.
2. Overview of TBL concept and practices for sustainability in the clothing
industry
In addition to SSCM research (Seuring and Müller, 2008; Li et al., 2014; Turker and Altuntas,
2014; Khurana and Ricchetti, 2016), the TBL framework is widely used in company reports
aligned with the Global Reporting Initiative; thus, the framework can influence corporate
operations, investments, and strategies. In this paper, the TBL concept is used as a tool for
classifying the extracted data from existing studies into each TBL dimension to examine
how proximity manufacturing benefits and drives sustainability in the dimensions.
To achieve sustainability, corporations must pay attention to the entire product life cycle
because environmental problems may occur at suppliers’ sites and pass through the supply
chain (Elkington, 1994). Therefore, this paper examines the factors included in previous
scientific literature related to proximity manufacturing within the clothing industry’s entire
supply chain, from resources and suppliers to transportation and sales markets.
The TBL concept is used in sustainable development and corporate sustainability
in the context of environmental, social, and economic performance (Elkington, 1998).
The environmental dimension involves ecosystems’ life expectancies and natural resource
consumption, encompassing concerns of global warming, water pollution, and garment
disposal at the end of its life. The social dimension involves societies, cultures, and
communities, as well as the health of workers and consumers, human rights, labor
standards, working conditions, and contaminated or chemical-toxic products (Khurana and
Ricchetti, 2016). The economic, or business, dimension involves competition and corporation
survival under governance, financial, and market contexts (Elkington, 2010). Sustainability
positively affects a company’s economic bottom line, shielding brand value from reputation
risks as well as differentiating brands from the competition (Khurana and Ricchetti, 2016).
In this paper, the economic dimension is referred to as the business dimension, which
is unique to the clothing business, and the nation’s economy is classified under the
social dimension.
In the clothing industry, common environmental practices for achieving sustainability
include organic-fiber usage, material recycling or reuse, technology implementation
(including clean technology and information technology), product certificates, green
processes and product design, green manufacturing and logistics, and product traceability
(Caniato et al., 2012; Shen, 2014). Fair-trade labeling, code of conduct initiatives, internal and
social auditing, and looking beyond first-tier suppliers are attempts to improve
sustainability within the social dimension (Khurana and Ricchetti, 2016). CSR programs
are implemented in firms to improve the living standard of workers and their families as
well as contribute to local communities and the economy. CSR implementation can provide
return benefits through positive brand reputation and improved financial performance
(Wu et al., 2015), which drives sustainability within the business dimension.
3. Methodology
Although several studies have shown the benefits of proximity manufacturing in general,
there has been little focus on environmental and social dimensions or attempts to
systematically gather and organize the benefits and factors of proximity manufacturing into
a comprehensive review. This paper therefore conducts a systematic literature review (SLR),
which generates rigorous and replicable data to create a comprehensive review of unfulfilled
knowledge, following the same approach and reasoning for using the SLR as many studies

from related fields (Pittaway et al., 2004; Centobelli et al., 2017a, b; Peter et al., 2017).
Moreover, this paper uses SLR guidance specifically for management and supply chain
management fields (Denyer and Tranfield, 2009; Durach et al., 2017).
3.1 Article retrieval and selection of the final primary studies
The process for article retrieval and selection of the final primary studies is shown in Figure 1.
The inclusion criteria (Table I) and exclusion criteria (Table II) were defined according to
RQ1 and RQ2 and used in the process of article retrieval and selection. The inclusion and
exclusion criteria allow future researchers to replicate the review process.
Regarding RQ1, the main units of analysis are benefits and factors of proximity
manufacturing in the clothing supply chain under the framework of TBL sustainability.
The inclusion/exclusion criteria defines the required characteristics of primary studies
(Durach et al., 2017), which affects the search terms used in retrieving potentially relevant
studies, which include “proximity manufacturing, clothing, and sustainability.” Moreover,
the authors did not limit primary studies to a few high-ranked journals, specific
geographical locations, specific topics, and specific research types and methodology to
avoid bias in article collection, possibly affecting RQ2 analysis.
The articles were located using the inclusion/exclusion criteria in the Web of Science
(WoS) and Scopus databases because both contain numerous cross-disciplinary and
peer-reviewed articles. The search strings in both databases were constructed with the same
targeted search terms and their synonyms (Table III) and the same logical structure,
although some symbols and connected words between search terms may vary according to
database requirements.
Use of multiple similar search terms ensured that results contained all relevant primary
studies. The asterisk (*) was used to allow different forms and functions of terms to be
found. The final list of search strings contained the breadth of terminology and definitions
relevant to the pre-determined characteristics of primary studies. Below is an example of a
search input in WoS.
(TS ¼ (((proximity OR “proximity to market” OR (proximity NEAR/2 market) OR nearby
OR close OR local* OR domestic OR region* OR reshor* OR nearshor* OR backshor* OR
onshor*) NEAR/1 (manufactur* OR produc* OR supplier* OR suppl* OR outsourc*
OR sourc* OR procur* OR subcontract* OR factory OR factories)) AND (textile OR cloth*
OR garment* OR apparel OR ( fast NEAR/0 fashion)) AND (sustain* OR green OR
environment* OR social OR society OR ethic))) AND LANGUAGE: (English) AND
DOCUMENT TYPES: (Article).
The example of the search input in WoS shows that the proximity and manufacturing
synonyms were linked by NEAR/1 to represent proximity manufacturing with the
flexibility to allow an adjective or noun related to either products or industry to precede the
manufacturing term. The term “textile” was used because some researchers use this term to
represent the whole textile and clothing industry; however, if articles focused only on yarn
or fabric production, they were excluded from the sample.
The search results returned 95 WoS and 363 Scopus article hits. These articles were
potentially relevant primary studies whose titles and abstracts met number 6 of the inclusion
criteria (Table I) but did not meet exclusion criteria (Table II). If it was unclear by the title
and abstract whether a study should be eliminated (after applying inclusion/exclusion
criteria), the study was read in detail using the same criteria. Going beyond the title and
abstract is important to see the potential relevance of the primary studies in supply chain
management reviews (Durach et al., 2017). As the result of the title and abstract reading,
43 WoS and 105 Scopus potential primary studies remained. After deleting redundant
articles between the two databases, there were 96 potential primary studies remaining to be
read in detail.
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Define the characteristics of primary studies according to the inclusion/exclusion criteria:
proximity manufacturing, clothing, and sustainability
Identify targeted search terms and their synonyms according to
the characteristics of primary studies (shown in Table III)
Construct search strings by using the same search terms and logic
with different required format in Web of Science (WoS) and Scopus databases
Article
Retrieval
Stage

WoS delivered 95 articles hits

Scopus delivered 363 articles hits

Article
Read the title and abstract of the potentially relevant primary studies
Selection
Stage:
Title and Abstract
Reading

Do the studies match No. 6 of the inclusion
criteria (Table I) without matching any exclusion
criteria in Table II?
Yes/Unsure
43 articles out of 95 WoS hits
Article
Selection
Stage:
Title and Abstract
Reading

No
Discard
irrelevant articles

105 articles out of 363 Scopus hits

Delete redundant articles
96 potential primary studies

Article
Selection
Read the full content of each 96 potential primary studies
Stage:
Full Content
Detailed Reading

Do the studies match No. 6 of the inclusion
criteria (Table I) without matching any exclusion
criteria in Table II?

Figure 1.
The process for
article retrieval and
selection of the final
primary studies

Yes
49 primary studies
Check journal reliability on Ulrichsweb to ensure that
the primary studies are from peer-reviewed journals

No
Discard
irrelevant articles

45
final primary studies

The last step of the article selection was based on a detailed reading of each paper and
extraction of mentioned proximity manufacturing benefits. To this end, there were 49 primary
studies (out of 96) matching the inclusion/exclusion criteria and clearly mentioning benefits
and factors of proximity manufacturing, which helps to answer RQ1. Journal reliability was

No. Criteria
1

2
3
4
5

6

Reason for inclusion

1900–2016 (but the search result shows the
earliest-related article published in 1990)

Trace history and trends of clothing manufacturing
patterns, and how local sourcing or proximity
manufacturing strategies coped with globalization
particularly before 2000
All journals in Web of Science and Scopus
Ensure all relevant articles from different perspectives
databases, not limited to any specific fields or
in other fields are included and avoid a bias when
high-ranking journals
investigating primary studies artifacts to answer RQ2
Every country/location/market context
Avoid a bias when investigating primary studies
artifacts to answer RQ2
All research types and methods
Avoid a bias when investigating primary studies
artifacts to answer RQ2
All research topics, not limited to local/reshoring/ Capture all relevant articles showing benefits of
proximity manufacturing research topics
proximity manufacturing from different
perspectives of the clothing supply chain, such as
SSCM, supplier selection, logistics and
transportation, and manufacturing decision
Benefits of proximity manufacturing to at least Ensure all relevant articles mentioning benefits of
one dimension of TBL
proximity are included and avoid a bias when
investigating primary studies artifacts to answer RQ2

No. Criteria
1
2
3
4
5
6
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Table I.
Inclusion criteria

Reason for exclusion

Non-peer-reviewed journal articles
Non-English articles

Ensure the reliability of the literature
Eliminate the language barrier or misinterpretation
during the analysis
Other industries which are not clothing industry Focus on clothing manufacturing and clothing
supply chain sustainability
Only yarn and fabric production
Focus on clothing/garments production
Only general or technical sustainable practices
Focus on how proximity manufacturing is beneficial
without proximity manufacturing implementation to sustainability
Only disadvantage of global manufacturing
Focus on how proximity manufacturing is beneficial
without clearly stating proximity manufacturing to sustainability and avoid assuming or interpreting
benefits
that disadvantage of global manufacturing are the
benefits of proximity manufacturing

Targeted search
terms
proximity
manufacturing
clothing
sustainability

Synonyms
proximity to market, nearby, close, local, domestic, regional, reshoring, nearshoring,
back-shoring, and on-shoring
producing, suppliers, supplying, outsourcing, sourcing, procurement, subcontracting,
and factory
textile, cloth, garment, apparel, fast fashion
sustainability, green, environment, social, society, and ethic

checked on the website Ulrichsweb (http://ulrichsweb.serialssolutions.com) to ensure that the
primary studies were from peer-reviewed journals. It was found that three articles were not
peer-reviewed and one was undetermined. Therefore, only 45 peer-reviewed journal articles
were used as the final primary studies. Although relevant studies may exist outside the WoS

Table II.
Exclusion criteria

Table III.
Synonyms of targeted
search terms
representing the
characteristics of
primary studies to be
used to construct the
search strings in both
databases for the
article retrieval
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or Scopus databases, the number of final primary studies was sufficient to ascertain
various benefits and factors of proximity manufacturing within the framework of TBL
sustainability regarding RQ1 and to investigate how proximity manufacturing relating to
TBL sustainability has been studied regarding RQ2.
3.2 Information extraction and categorization
The 45 articles in the final list of pertinent primary studies were reviewed under two coding
structures (Durach et al., 2017), which: extracted the information from the primary studies
according to RQ1; and extracted the artifacts of primary studies according to RQ2.
Each primary study was read in detail and analyzed according to the framework for content
analysis (Krippendorff, 2004) to identify the relevant information to both RQs.
The major objective in addressing RQ1 is to gather both measurable and
non-measurable benefits and factors of proximity manufacturing in the clothing supply
chain. Proximity manufacturing benefits and factors were extracted from each primary
study and categorized into one TBL dimension in a table. Table IV shows an example of
the table used during the data extraction. The symbol “x” was used to indicate which
primary studies mentioned which proximity manufacturing benefits and factors in which
TBL dimension. The extracted proximity manufacturing benefits and factors are hereafter
referred to as “elements.”
If an extracted element from an article already appeared in the table, an “x” was marked
in the cell matching the article number column and element row. If the extracted element
was new, a row was added in the corresponding TBL dimension. The added rows of new
elements were placed below the rows of existing elements that presented similar
characteristics or were related. For example, capacity flexibility, just-in-time production,
quick replenishment, and small batch replenishment were placed in nearby rows. Placing
similar elements near each other allows them to be grouped together and later form the
inductive subgroups in the business dimension.
Extracted benefits and factors from 45 primary
studies

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 […] 45

Business dimension
Capacity flexibility, frequent change style
X
Serve products with unpredictable demand, high X
fashion content, high variety or quick
replenishment
Ability to respond to unpredictable demand or
quick cancel order
Ability to delay production or postpone order
Just-in-time production
Small batch replenishment
X
Replenishment, fast turnaround
[…]

Table IV.
The example of the
table with TBL
dimensions that were
used during the data
extraction

X

X
X
X

X

Environmental dimension
Reduce carbon emission
Clean source of electricity, energy mix
[…]
Social dimension
Local business promotes local economies,
economic growth, wealth to the region
[…]

X

X

X

X

X

The major objective in addressing RQ2 is to investigate the artifacts of 45 primary studies
from various aspects: published journals, authors, research types, data sources, methods,
focused dimension of TBL across time (year of publication), and study context in terms of
market and production locations. Journals and authors were investigated to ensure the
selected primary studies provide various perspectives and data without biases from a
certain group. The other aspects were investigated to identify how existing studies of
proximity manufacturing toward TBL sustainability have been evaluated.
Besides addressing RQ1 and RQ2, investigation of the elements and artifacts of primary
studies allows for the identification of literature gaps and trends and acquisition of
knowledge from another perspective. The findings therefore provide suggestions for future
studies as well as specific topics/areas of interest.
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4. Descriptive analysis of primary studies artifacts
A descriptive analysis is used to explore how proximity manufacturing has been studied
using various methods, the TBL dimensions involved, and the contexts and locations
regarding RQ2. The primary studies are chronologically listed in Table V with the article
numbers to be used in other tables for indexing to the primary studies. The reference list of
the 45 primary studies is in Appendix 1. Sections 4.1 through 4.5 show reviewed dimensions
of primary studies artifacts.
4.1 Author distribution
There are 83 authors of the 45 primary studies. Table VI shows seven authors involved in
13 of the primary studies, as either the main author or co-author. However, the variety of
authors confirms that the 45 primary studies are not influenced by only a few groups
of researchers.

Article Number

Primary study

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Buxey and Kosmider (1997)
Godley (1997)
Zakim (1999)
Scott (2002)
Adler (2004)
Su et al. (2005)
Jin (2005)
Van Dooren (2006)
Peters and Hertwich (2006)
Edensor and Kothari (2006)
Amberg (2006)
Towers and Peng (2006)
Oh and Kim (2007)
Abaza (2007)
Smith et al. (2008)
Courault and Doeringer (2008)
Lowe (2009)
Steinberger et al. (2009)
Lau et al. (2009)
Chang and Ha-Brookshire (2011)
Wang et al. (2011)
Pamuk and Williamson (2011)
Abedniya and Zaeim (2011)

Article Number
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Primary study
Pickles and Smith (2011)
Styles et al. (2012)
Choi (2013b)
Goto (2013)
Kadarusman and Nadvi (2013)
McCaffrey (2013)
Choi (2013a)
Choi (2013c)
Cao et al. (2014)
Zhu and He (2014)
Zhu and Pickles (2014)
Jaegler and Burlat (2014)
Orcao and Pérez (2014)
Jung and Jin (2014)
Bonilla et al. (2015)
Pickles et al. (2015)
Plank and Staritz (2015)
Zhu and Pickles (2015)
Sardar et al. (2016)
Nouira et al. (2016)
Uluskan et al. (2016)
Plank and Staritz (2016)

Table V.
Chronological list of
primary studies
mentioning proximity
manufacturing
elements
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4.2 Journal distribution
The 45 primary studies were from 38 peer-reviewed journals. Table VII shows that only five
journals were the same source for 2–3 articles. This indicates a good distribution among
journals, which may offer different perspectives regarding sustainability.
4.3 Article classification
Table VIII shows that 24 articles use the qualitative approach. Of those 24, 17 have primary
data sources with three articles using the author’s previous data collection. Interviews are
the major source of primary data collection but three articles use both surveys and
interviews.
In total, 17 articles use the quantitative approach. Only seven of these collected primary
data through surveying, whereas eight use modeling and six of these (9th, 21st, 26th, 30th,
31st, 42nd) made the data assumption for modeling without reference to any primary or
secondary data collection. Only one article (43rd) used the primary data source and another
(35th) used the secondary data for the modeling inputs.
Four articles use both qualitative and quantitative approaches. Two use surveys,
interviews, and focused group discussions as primary data sources. The articles in
Table VIII without any x marks use only secondary data.
4.4 Distribution of TBL sustainability across time period
Table IX shows how the primary studies of proximity manufacturing have been related to
each TBL dimension from 1997 to 2016. Two of the 45 articles do not mention proximity
benefits for business: one focuses exclusively on the environment, whereas the other focuses
on environmental and social dimensions. The remaining 43 articles are related to the
business dimension with 11 published since 1997 focusing only on business benefits and
22 focusing on business and social benefits and seven published since 2012 focusing on both
business and environmental benefits.
Table X shows how the primary studies involve the TBL dimensions after element
extraction and categorization (the subgroups induction under the business dimension is
discussed in Section 5). The most frequently mentioned subgroups within the business
dimension are, in order from most-mentioned to least-mentioned, profits (cost-price-sales),
service and delivery, product or process innovation and development, and product quality.
Moreover, 26 articles present social dimension elements and 12 articles present
environmental dimension elements. In addition, only three articles (34th, 37th, 42nd)
published since 2014 show benefits in all TBL dimensions, with only one (34th) presenting
benefits in every subgroup of the business dimension.
4.5 Distribution of studied contexts regarding market and production locations
Table XI shows that the primary studies focus mainly on five markets: Africa, Asia,
Australia, Europe, and North America, with the remainder focusing on unspecified markets.

Table VI.
Articles that have
the same author as
the main author
or co-author

Article Number (Table V )

Author

Remark

26*, 30*, 31*
7*, 37
15, 24*, 34, 39*, 41
39, 40*, 45*
15*,24
39, 40, 45
33*, 34*, 41*

Choi T.M.
Jin B.
Pickles J.
Plank L.
Smith A.
Staritz C.
Zhu S.

Articles with * present the author being the main author

Journal name
Business History Review
Cambridge Journal of Regions, Economy and Society
China and World Economy
Computers and Operations Research
Economic History Review
Environment and Planning A
European Journal of Economics, Finance and Administrative Sciences
European Planning Studies
Fashion Theory-the Journal of Dress Body and Culture
GeoJournal
Global Networks-a Journal of Transnational Affairs
Industrial Management and Data Systems
International Journal of Advanced Manufacturing Technology
International Journal of Consumer Studies
International Journal of Fashion Design, Technology and Education
International Journal of Life Cycle Assessment
International Journal of Production Economics
Investigaciones Geograficas
Journal of Contemporary Asia
Journal of Fashion Marketing and Management
Journal of Industrial Ecology
Journal of International Development
Journal of the Textile Institute
Production and Operations Management
Production Planning and Control
Regional Studies
Resources, Conservation and Recycling
Social Science History
Socio-Economic Review
Supply Chain Management
Supply Chain Management-an International Journal
Sustainability
Textile History
Tijdschrift voor Economische en Sociale Geografie
Transactions of the Institute of British Geographers
Transfer
Transportation Research Part E: Logistics and Transportation Review
Urban Studies

Article Number
Number of articles
(Table V )
1
3
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
2
1
1
3
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1

3
39, 40, 41
19
31
22
17
23
28
14
33
15
1
30
37
20, 32
18
43
36
34
5, 13
9
27
6, 7, 12
21
35
24
25
11
16, 29
38
44
42
2
8
10
45
26
4

The most studied markets are Europe with 14 articles, North America with 12 articles, and
Asia with 8 articles.
Table XII, in conjunction with Table V for the published year of primary studies,
shows that there are three African market studies, published in 2006, 2007, and 2011.
Two (14th, 22nd) study the Egyptian market and the other studies the Mauritius market.
There are eight Asian market studies, published from 2009 to 2015, and 50 percent of these
focus on the Chinese market. The others focus on the Hong Kong, Indonesian, Malaysian,
and Vietnamese markets.
There are only two Australian market studies, published in 1997 and 2003. The
14 European market studies were published from 1997 until the present and focus on
Western European countries such as Germany, the UK, Italy, France, and Norway. The
12 North American market studies published from 1999 until the present focus on the US
market, except for one article (17th) that focuses on both the US and Mexican markets.
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Table VII.
Distribution of 45
primary studies
among 38 peerreviewed journals
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Table VIII.
Article classification
by qualitative or
quantitative approach
followed by data
source and methods

Article Approach

Primary
data
Modeling Survey Interview Observation

Historical
research

4
Mixed
X
X
X
32
Mixed
X
X
6
Mixed
20
Mixed
1
Qualitative
X
X*
10
Qualitative
X
X*
X
13
Qualitative
X
X
14
Qualitative
X
X
15
Qualitative
X
X
X*
16
Qualitative
X
X
X
17
Qualitative
X
X*
24
Qualitative
X
28
Qualitative
X
X
X
29
Qualitative
X
X*
34
Qualitative
X
X
40
Qualitative
X
X*
41
Qualitative
X
X
45
Qualitative
X
X, X*
8
Qualitative
X*
25
Qualitative
X*
36
Qualitative
X*
2
Qualitative
X
3
Qualitative
X
5
Qualitative
11
Qualitative
X
12
Qualitative
22
Qualitative
X
39
Qualitative
7
Quantitative
X
X
19
Quantitative
X
X
23
Quantitative
X
X
27
Quantitative
X
X
37
Quantitative
X
X
43
Quantitative
X
X
44
Quantitative
X
X
X
9
Quantitative
X
18
Quantitative
21
Quantitative
X
26
Quantitative
X
30
Quantitative
X
31
Quantitative
X
33
Quantitative
35
Quantitative
X
38
Quantitative
42
Quantitative
X
Note: X* presents from author's previous data collection or semi-structured interviews

Longitudinal
research

X

X
X
X

X

This study investigated not only the market context of the primary studies but also their
production context. Table XIII shows the production location for each primary study
stated in Table V. There are three studies involving African production in Egypt and
Mauritius; nine involving Asian production, mainly in China and other low-cost countries;
and 12 European production studies focused on both high-cost and low-cost countries in
Europe and nearby countries as nearshoring. Moreover, some of the European market

Business Environment
1997
1999
2002
2004
2005
2006
2007
2008
2009
2011
2012
2013
2014
2015
2016
Total

Business and
environment

1
1

Business and
society

Environment
and society

Business, environment,
and society

1
1
1

2
1

1

3
2
2
2
1

4
1
1
11

1

1
1
3
1
1
7

3
2
3
1
22
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1

2
1

1
3

studies also mentioned offshoring from Asia or specifically from China. There are 12
studies involving North American production, mainly in the USA or Mexico as
nearshoring. There are two studies for Australian production together with offshoring
production in China and India. Finally, seven studies did not specify the production
location, instead presenting various production scenarios or focusing on domestic,
regional, and low-cost country production.
5. Analysis of extracted elements from primary studies
This section focuses on RQ1 by exploring the most frequently mentioned elements of
proximity manufacturing in each TBL dimension presented in the primary studies. All 45
primary studies present elements of proximity manufacturing covering some or all TBL
dimensions. There is a total of 222 elements of proximity manufacturing under the TBL
dimensions: 182 in business, 18 in environment, and 22 in society.
5.1 Subgroup induction under the business dimension
Due to the high number of elements in the business dimension, subgroups were created
using the inductive approach to determine which parts of business gain benefits from
proximity manufacturing. Four subgroups were derived by looking for relationships and
correlation among the extracted elements under the business dimension and grouping
similar elements together:
(1) Product quality: quality control, product specification and quality, skilled workers,
specialized suppliers.
(2) Service and delivery: production capacities and productivity, amount and style
flexibility, quick response (QR), replenishment, in-time inventory, input availability,
transportation and logistics efficiency, positive relationships and communication
between retailers and manufacturers, ability to respond to uncertain demand.
(3) Profits (cost, price, sales): direct and indirect costs (including manufacturing,
logistics, and managerial costs), price, consumer perception, brand or sales drivers,
risks affecting costs, sales, and brand.

Table IX.
The number of
primary studies
showing distribution
of TBL sustainability
across time period
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Table X.
Dimensions of TBL
and sub-groups of
business dimension
from which elements
extracted from each
primary study are
categorized into

Business
Article
Number
(Table V )
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
Total

Profits (cost,
price, sales)

Service and Product or process innovation
delivery
and development

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
39

X
X
X
X
X

X

X

X

X
X

X

X
X
X
X
X

X

X

X

X
X
X
X
X
X
X
X
X
X
X
35

X

X
X
X

X
X
X

X

X
X
X
X

X
X
X

Environment Society

X

X
X

X
X
X
X
X

Product
quality

X

X
X

X
X

X
X

X

X
X

X
X
X

X

X

27

18

X
X
X
X
X
X
X
X
X
X

X
X

X

X

X
X
X
X

X
X
12

X
X
X

X
X
X
X
X
X
X
X
X
26

(4) Product or process innovation and development: collaboration and alliances,
industrial clusters, external support on business resources, business environments
that foster long-term competitive advantage.
The 182 elements in the business dimension were then grouped as follows: 13 in production
quality, 72 in service and delivery, 72 in profits (cost, price, sales), and 25 in product or
process innovation and development.

5.2 The most frequently mentioned elements in each TBL dimension and in studied
markets/contexts
The most frequently mentioned elements of proximity manufacturing relating to the
business dimension were extracted from the primary studies and shown in Table XIV under
the four subgroups. The article numbers refer to each primary study listed in Table V.
Table XIV also shows how the proximity manufacturing elements are related to various
studied market context/locations. The italic font indicates elements mentioned in more than
33 percent of the primary studies in each market/context, except for markets/contexts with
few primary studies; in this case, elements mentioned by at least two authors are italicized.
These italic elements could be seen as the motivations and drivers of proximity
manufacturing for each market. Bolding denotes articles published from 2013 to 2016. Their
recency ensures that the mentioned benefits of proximity manufacturing still apply and may

Focused market

Article Number (Table V )

Total number of articles

Africa
Asia
Australia
Europe
North America
Unspecified

10, 14, 22
19, 20, 23, 27, 28, 33, 34, 41
1, 30
2, 5, 9, 12, 15,16, 18, 24, 25, 36, 38, 40, 43, 45
3, 4, 6, 7, 8, 11, 13, 17, 26, 32, 37, 44
21, 29, 31, 35, 39, 42

3
8
2
14
12
6

Article
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Focused market

Article
number

OC: Australia
EU: UK
NA: USA
NA: USA
EU: Germany

24
25
26
27
28

NA: USA
NA: USA
NA: USA
EU, Norway
AF, global: Mauritius
NA: USA
EU: UK, other developed countries
NA: USA

29
30
31
32
33
34
35
36
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Table XI.
Distribution of study
context in terms of
market location

Focused market
EU: Western EU, Italy, Germany
EU
NA: USA
AS, global: Vietnam
AS, global: Indonesia (local), US, EU, Middle East,
Africa, Eastern EU
Unspecified, global, EU, US
OC: Australia
Unspecified (one market)
NA: USA
AS, global: Hong Kong, Japan, others
AS, global: China
Unspecified, global market
EU, global: EU 60%, Asia 23%, US 11.5%, Africa
0.5%, Non-EU Europe 5%
NA: USA
EU
Unspecified, Global: EU, US, new emerging market
EU: Western EU
AS, global: China, EU, US
Unspecified, high cost countries
EU, Italy and Germany

AF, EU: Egypt
37
EU: Germany, Italy, EU-15
38
EU: France
39
NA: USA, Mexico
40
EU: Germany
41
AS, global: China
42
AS, global: China (local), USA, EU,
43
Japan, Hong Kong
21
Unspecified, in developed countries
44
NA: USA
22
AF: Egypt, Ottoman Empire
45
EU: Western EU
23
AS, global: Malaysia, online
Notes: AF, Africa; AS, Asia; EU, Europe; NA, North America; OC, Oceania

Table XII.
Market location
identification for each
primary study listed
in Table V
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Article
number Production location (Continent: country)
1
2
3
4
5

OC, AS: Australia, China,
EU: UK
NA, EU: USA or UK
NA, AS: USA, Mexico, Asia
EU: Eastern Europe

25
26
27
28
29

6
7
8
9

30
31
32
33

10

NA, AS: USA, Mexico, CBI, China, Hong Kong
NA, global: USA
NA: Mexico
EU, NA, AS: Sweden, UK, USA, Germany,
Denmark, Japan, China
AF: Mauritius

11

NA: USA

35

12

AS, EU: China, Asian, Eastern and Southern
European
NA, AS: USA, DR-CAFTA, Mexico, China
AF: Egypt

36

13
14
15
16
17
18
19
20
21
Table XIII.
Production location
identification for each
primary study listed
in Table V

Article
number Production location (Continent: country)

EU: triangular trade Slovak Republic,
Ukraine, Eastern& Southern EU countries
EU: France, Monaco, Romania, Portugal,
Hungary
NA: Mexico
AS: India, China

34

37
38
39
40
41
42

Unspecified
NA, AS: Mexico (local), China (offshore)
AS: Vietnam
AS: Indonesia
EU, low-wage countries: Italy, Eastern EU,
Latin America, China
OC, AS: Australia (local), India (global)
Unspecified (multiple suppliers)
NA: USA
AS: China (coastal, inland region)
AS: China, oversea Chinese investment in
other low-cost countries
Unspecified, 4 location scenarios: local,
regional, continent, and global
EU, global: EU 57%, Asia 36%, US 2%,
Africa 5%
NA: USA
EU, on-shoring, nearshoring, and offshoring
(Turkey, China, and other countries)
Unspecified, global: domestic and regional
sourcing
EU: Romania
AS: China
Unspecified, four options: in-house facility,
domestic suppliers, an international
subsidiary, and international suppliers
EU, AS: Italy, Poland, Tunisia, China
NA, global: USA
EU: Romania

AS: China
43
AS: China
44
Unspecified, low-cost country or outward45
processing arrangement
22
AF, EU: Egypt, Ottoman Empire, Western EU
23
Unspecified, local countries
24
EU: local or nearshoring from Central and
Eastern EU, North Africa
Notes: AF, Africa; AS, Asia; EU, Europe; NA, North America; OC, Oceania

be addressed in future studies. In addition, the numbers in parentheses denote the total
number of relevant primary studies to each market/context and to each element.
Preferential trade policies are the most frequently mentioned element in the profits
(cost-price-sales) subgroup under the business dimension in Table XIV and also one of the
top-three frequently mentioned elements in the European and North American market
studies. Close proximity to the market makes it easier to understand local tastes and trends,
exploit emerging nearby markets, and access financial support from local governments.
These three elements together with lower labor costs are the most frequently mentioned
elements in Asian market studies. Due to the shorter distance between production and
consumption points, logistics costs are lowered. Some elements do not appear in Table XIV
but were mentioned in the primary studies. For example, products sold in their country of
origin may drive consumers to pay more or buy local products due to perceptions of
environmental-friendliness (30th, 32nd, 43rd), the product quality of a specific country
(1st, 15th), and the desire to support local businesses (23rd, 37th). Other elements include

10

Governmental and institutional support: production
technique, clusters, and business collaboration (7)
Product design capabilities: customization and high-value 10,
addition (8)
14
Meeting product specification and high product quality (13) 10

Capacity flexibility (11)
Logistical infrastructure (10)
Fast replenishment (9)
Timely inventory (8)
Governmental and external support: training and
education (7)
22

22
10

Lower logistics costs (7)
The ability to offer high value products (6)
Time-to-market (22)

Quick response (13)

22

10,
22

22

Emerging markets and population density (8)

Governmental support: tax, finance, and delocalization (9)

Ability to know local taste and trends (9)

Lower labor costs (11)

Trade policies (13)

The most frequently mentioned element (the total number AF
of articles)
(3)

19, 27,
34
19, 33

19, 41
19, 33
34, 41
41
34, 41

19, 33,
34, 41
33, 41

20, 33,
34
20, 28,
41
19, 28,
34, 41
19, 28,
34
34

41

AS (8)

1

OC
(2)

4, 11, 17
4, 13,
44
44

16

13
6, 7, 8,
13, 44
6, 26,
44
13
3, 8, 26
6, 13
6, 7, 26
4, 17

Product quality

17

13, 17

16

15, 38, 43
15, 16, 40
12, 15, 16, 24,
36, 38, 40, 45
2, 12, 15, 24, 36,
40
2, 15, 16, 40, 45
36, 38, 40
12, 15, 24, 36
15, 24
16

24, 45

15

5, 12, 15, 40, 45 6, 8, 13,
17
5, 15, 24, 45
11, 17,
44
16
3, 11, 13

39
39
35
39
35
29

42
42

42

21

31, 35, 39

39

39

29, 39

39

Unspecific:
global (4)

42
21
21, 42

42

21

The article number (Table V )
Unspecific:
EU (14)
NA (12) high cost (2)

20, 34, 1 5, 15, 16, 24, 36,
41
40
Notes: AF, Africa; AS, Asia; EU, Europe; NA, North America; OC, Oceania. Parentheses denoting the number of relevant studies

Product or process
innovation and
development
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reducing inventory levels including the need for mark-down prices and number of unsold
goods (24th, 26th, 33rd, 41st), supplier visiting costs (44th), social costs (5th), and the carbon
footprint tax (26th, 30th, 31st, 38th), as well as avoiding transnational contract risks (17th),
intellectual piracy (42nd, 44th), and currency fluctuation (15th, 39th, 42nd).
Time-to-market may be the most important element of proximity manufacturing, as it is
the most frequently mentioned element among the TBL dimensions, found in 22 out of
45 articles. Moreover, time-to-market is also the top frequently mentioned element in most
market/context studies, except those on Africa and Australia. Proximity manufacturing
fosters QR systems in addition to capacity flexibility through subcontracting to nearby
alliances and the ability to quickly cancel orders or postpone production, which were among
the most frequently mentioned elements in European market studies. Moreover, proximity
manufacturing increases service and delivery levels via fast replenishment and timely
inventory, particularly when utilizing technology for information sharing and demand
updating to increase forecast accuracy (21st, 26th, 31st, 44th). Logistical infrastructure is
another most frequently mentioned factor of proximity manufacturing and is dependent on
government support in each country.
The product or process innovation and development subgroup in Table XIV shows that
European market studies and recently published studies rarely mention these elements of the
business dimension. Companies can gain advantages from local business infrastructures and
resources supported by local institutions for developing new products and processes and can
share knowledge among local agents, leading to innovation. Furthermore, proximity
manufacturing can drive the creation of customized and high value-added products. Along
with the elements in Table XIV, proximity manufacturing allows businesses to have close
relationships and collaborations with suppliers in solving problems or delivering new
materials (4th, 11th, 16th, 28th, 33rd), utilize local and renewable materials in sustainable
product design and development (14th, 32nd, 37th), and access key business environments
such as industrial clusters, local institutional assets, and cultural economies (2nd, 4th, 14th,
17th, 19th, 36th).
Although Table X shows that “product quality” is the least mentioned aspect in the
business dimension – with less than half of the total 45 articles discussing it – quality issues
are one of the three most frequently mentioned elements (together with trade policies and QR)
in Table XIV, with 13 articles. This implies that high product quality and meeting product
specifications are likely to be important elements of proximity manufacturing, particularly for
the Asian and European markets/contexts but excluding the North American market.
Additionally, proximity manufacturing also benefits visiting suppliers in better quality
control and inspection as well as access to local agents’ tacit knowledge or local techniques
that are difficult to imitate.
Proximity manufacturing also benefits society and the environment, as shown in
Table XV. Table XV presents elements related to environmental and social dimensions as
well as various studied market context/locations, and uses the same format (including
italicized, bolded, and bracketed text) as Table XIV.
Under the environmental dimension, the most mentioned elements of proximity
manufacturing are lowering carbon emission and gas emission from transportation. Other
highly mentioned elements include government support regarding environmental law and
regulations and lower gas emission through filtration technology and clean sources of
electricity. However, these two elements depend on local government-established
environmental policies. Table XV clearly shows that elements under the environmental
dimension were mostly mentioned in European market studies, barely mentioned in
North American market studies, and mentioned in only one Asian market study and no
African studies. This is similar to government support on social benefits and compliances
under the social dimension. Job creation and increased employment is the most frequently

The article number (Table V )
Dimension in
the triple
bottom line

The most frequently
mentioned element (the AF
total number of articles) (3)

AS (8)

OC
(2) EU (14)

NA (12)

Unspecific:
high cost Unspecific:
(2)
global (4)
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clothing
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sustainability

Environmental Lower carbon emissions
34
18, 25,
26
in general (6)
38, 43
Lower gas emissions
25, 38, 26, 32
42
1363
specifically from
43
transportation due to
less distance and more
efficient mode (6)
Environmental laws and
9, 38,
26
31, 35
regulations including
43
governmental support on
environmental practices
and standards (6)
Lower gas emission due
9, 18,
to filtration technology
25, 38,
and use sustainable fuel,
43
clean source of energy
and electric grid mix (5)
Social
Job creation and
10 19, 27,
2, 15,
8
21, 42
29, 39
increased employment
28, 33,
40, 45
(15)
34
Table XV.
Economic growth and
19, 27,
45
8, 13, 17,
29
The most frequently
wealth to the region (11)
33, 34
32, 37
mentioned elements of
State support for social
34
2, 15,
4, 11
29, 39
proximity
benefits and
18, 45
manufacturing under
compliances including
environmental and
labor rights and
social dimensions in
minimum wage laws (9)
each market presented
Notes: AF, Africa; AS, Asia; EU, Europe; NA, North America; OC, Oceania. Parentheses denoting the number
by the primary
studies in Table V
of relevant studies

mentioned element in the social dimension and the second most frequently mentioned
element among all TBL dimensions, found in 15 out of 45 articles. Eleven studies found that
clothing manufacturing brings economic growth to the region. Table XV shows that most of
the Asian market studies indicate that proximity clothing manufacturing could increase
both employment and economic growth whereas only one European market study
mentioned economic growth and one North American market study mentioned increased
employment. Additional elements to the ones in Table XV include industrial cycle retention
(13th, 27th, 29th, 36th) and new firm formation (19th, 27th, 33rd), which aids in local
business retention, industrial linkage, and high value-added local activities (5th, 8th, 15th).
Proximity manufacturing also helps in promoting citizen awareness and social value in local
products (14th, 37th), local pressure to improve working conditions and labor rights
(11th, 34th), and improved employee quality of life due to consumer concern for local
producers and businesses (37th).
6. Discussion
6.1 Definitions of proximity manufacturing from the relationship between market and
production locations
According to the studied markets, the primary studies can be divided into three groups:
high-cost countries, low-cost countries, and unspecified markets. The high-cost country markets
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account for 60 percent of the primary studies and include the European, North American, and
Australian markets, whereas the low-cost country markets account for 25 percent and include
the Asian and African markets.
The majority of the Asian and African market studies discuss exporting to developed
countries globally (Tables XII and XIII). This is because Asian and African countries are the
bases of global clothing production. Moreover, Asian and African markets tend to sell
locally produced products; therefore, the scope of proximity manufacturing for developing
countries can be viewed as domestic manufacturing. Nevertheless, there is an exception
from the 22nd primary study, which deals with the Egyptian market of 1800–1913, when
European countries were still the bases of major clothing production and exported to the
Ottoman Empire, Egypt.
Conversely, the European market studies show that Western Europe rarely has
production located in its market countries but instead is in nearby countries in Eastern
Europe (Tables XII and XIII). Of the North American market studies, 50 percent show
production locations in the USA, nearby countries, or Far East countries, such as Mexico
and China for nearshoring and offshoring manufacturing, respectively. This is similar to the
Australian market studies that show production locations not only in Australia but also in
China and India. From the total of 28 European, North American, and Australian studies,
there are only five primary studies (2nd, 11th, 16th, 32nd, and 37th) in which the markets are
the same as production location. Therefore, the scope of proximity manufacturing for
developed countries can be viewed as nearshoring manufacturing either in their continents
or nearby countries in other continents.
6.2 Important elements of proximity manufacturing in each TBL dimension and studied
markets/contexts
The analysis of extracted elements from the primary studies reveals the most frequently
mentioned elements in each TBL dimension as well as unique and common elements among
various locations.
Under the business dimension, service and delivery, product or process innovation and
development, and product quality can drive profits (cost-price-sales) by reducing cost, raising
product value, and increasing sales. Moreover, process innovation and development can
improve service and delivery and improve product quality. Therefore, product or process
innovation and development is important for business prosperity. However, aside from one
2008 European market study (16th), there is a lack of studies on how European proximity
manufacturing can enhance product or process innovation and development in the clothing
industry. This may be due to a lack of exploiting proximity manufacturing for improving
product design development capabilities and of gaining government support on production
techniques, clusters, business collaboration, and training in Europe. Therefore, there is a need
for future studies to investigate how proximity manufacturing can contribute to business
innovation and development. Likewise, researchers could focus on understanding local trends
and on government support regarding tax rebates and finance, as these aspects were
mentioned by only one European market study published almost ten years ago.
These five elements (understanding local taste and trends; government support regarding
tax rebates and finance; government support on training; government support on production
techniques, clusters, and business collaboration; and product design development capabilities)
differentiate the benefits of Asian proximity manufacturing from European ones.
Trade policies and the ability to offer high-value products seem to be unique benefits of
proximity manufacturing for high-cost countries because these two elements were highly
mentioned in European and North American market studies but rarely mentioned in Asian
and African market studies. Therefore, these two elements may be the trade-off for high
labor wages in developed countries.

Furthermore, environmental benefits are related to business benefits, either profits or
service and delivery. Natural resources in terms of materials and energy are used less and
waste and gas emissions are reduced due to fewer transportation miles and fewer discarded
items, achieved by matching manufacturing product quantity to demand and more accurate
forecasting. Moreover, although rarely mentioned (37th), product lifespan can be increased
from conscious consumption, slow fashion, and localism. This leads to the reduction of both
material and energy consumption and waste emissions. Nevertheless, few studies
mentioned how proximity manufacturing benefits the environmental dimension in low-cost
countries; therefore, future studies on low-cost countries could focus on how proximity
manufacturing helps to enhance environmental sustainability.
In Table XV under the social dimension, it is interesting to note that European market
studies see the benefits of proximity manufacturing for job creation and increased
employment in the clothing industry but not for driving economic growth or wealth to the
region. This may be because the clothing industry in Europe is seen as less valuable than
other industries without considering how the clothing supply chain creates value to the
region. Conversely, North American market studies see the benefits of proximity
manufacturing for driving economic growth or wealth to the region but not for job
creation and employment. This may be because most job creation from the clothing
industry occurs in Mexico as nearshoring manufacturing but finished products add value
to the US economy.
In summary, the findings addressing RQ1 show that time-to-market, job creation and
increased employment, trade policies, QR, and meeting product specifications and high
product quality are the most frequently mentioned benefits and factors of proximity
manufacturing. Profits, service and delivery, and product quality are the most frequently
mentioned elements involving the social and business dimensions. This finding can be
related to RQ2 by showing which TBL dimensions have received attention in existing
studies of proximity manufacturing. Conversely, elements in the environmental dimension
and the product or process innovation and development aspects of the business dimension
were rarely mentioned in existing studies. Therefore, future studies can explore how
proximity manufacturing influences environmental sustainability and product or process
innovation and development.
6.3 Embedded roles of governments and clusters
In addition to uncovering the most frequently mentioned elements addressing RQ1,
reviewing the existing studies with the content analysis allows us to discover an unforeseen
perspective, which is the potential of government and industrial clusters to support
proximity manufacturing and enhance TBL sustainability. Policy makers could adopt the
findings of this section as a guideline to create policies and infrastructure to support and
sustain proximity manufacturing in their countries or regions.
The findings in Tables XIV and XV reveal that government policies and support play
important roles in every dimension of TBL and in almost every business subgroup except
product quality. Regarding profit, businesses can save costs when local governments
extend preferential trade policies, tax rebates, and carbon footprint tax utilization for
businesses that pursue proximity manufacturing. Government actions fostering building
efficient logistics and business technical infrastructures positively drive service and
delivery. The findings also show that the government can drive business innovation and
development through creating industrial clusters for knowledge spillover, motivating
business collaborations for innovation, and supporting resources and local institutional
assets for product and process development.
Additionally, environmental laws, regulations, standards, and practices enacted by the
local government will guide and force local manufacturers and corporations to act in
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environmentally friendly ways. Moreover, it is important that the fuel type and energy
sources for electricity used in local production are green, with filtration technology to
produce fewer gas emissions in the supply chain. The local government can also help
improve social sustainability by setting regulations or laws on labor wages, human rights,
working conditions, and social benefits and compliances to protect local people who work in
the field.
Some elements from Tables XIV and XV result from locating business within industrial
clusters. Some primary studies (17th, 19th, 29th, 33rd, 36th, 41st) indicate that businesses
can have close relationships in alliances within the cluster and can solve problems or
develop new products together as well as gain knowledge spillover. This shows that
location is key to driving corporate innovation (Porter, 2000). Moreover, clusters also benefit
quality and service and delivery aspects of the business dimension due to the ease of
visitation for quality control and the ability to subcontract (16th, 27th, 29th, 33rd, 41st) to
other alliances. Clusters drive the social benefits of proximity manufacturing in boosting
economic growth and regional competitiveness (19th) and maintaining local specialized
clusters (36th). Furthermore, clusters can help reduce emissions and multi-mode
transportation (38th). Therefore, clusters can be seen as an important player in driving
proximity manufacturing toward TBL sustainability.
Regarding different markets/contexts, the Asian market studies showed benefits from
government support on tax, finance, production techniques, clusters, and business
collaboration. Therefore, Asian governments could increase the support on proximity
manufacturing through trade policies, efficient logistical infrastructure, training program
for skilled workers, and environmental and social laws and regulations. Conversely, the
European studies showed benefits from trade policies, efficient infrastructure, and
sustainable environmental and social regulations and a lack of government support on
tax, finance, and delocalization; skilled-worker training; and production techniques,
clusters, and business collaboration. Therefore, European governments could create these
institutional infrastructures for the clothing industry to support proximity manufacturing
for TBL sustainability.
Although government support and clusters are not the most frequently mentioned
elements, they show significant benefits to all TBL dimensions. Therefore, future studies
could explore the relationship between government support or clusters and proximity
manufacturing for enhancing sustainability in detail.
6.4 Trends and absences of existing studies from the descriptive analysis
The research methods, involvement in TBL sustainability, and the studied markets/contexts
are the dimensions for investigating how the existing literature has been studied as well
as the trends and absences in the primary studies according to RQ2. The results of the
descriptive analysis on various dimensions are analyzed across the time period and among
the dimensions.
According to the article classifications, the findings show that proximity manufacturing
studies from 1997 to 2016 have employed the qualitative approach more than the
quantitative approach and collected primary data mainly through semi-structured
interviews. However, by indexing the article numbers in Table VIII to their published
years in Table V, a recent trend on conducting quantitative research (11 of 17 studies) more
than qualitative research (8 of 24 studies) emerges from 2013 to 2016. Moreover, surveys are
generally used for collecting primary data for quantitative research. Another trend in
quantitative research is using the modeling technique, particularly in the primary studies
published since 2013. Nevertheless, quantitative research using the modeling technique does
not apply real data from the field into the model (neither primary nor secondary data).
Therefore, future studies may collect either primary or secondary data as model inputs.

The findings from linking Tables XII to V shows that developed countries have
conducted proximity manufacturing studies since before 2000 whereas developing countries
have only focused on proximity manufacturing since 2006. This may be due in part to the
emerging markets in Asia. Moreover, the Asian market studies also present the global
market as an export market in addition to their own domestic markets. As far as recent
studies, 2013–2016 produced 5 of the 8 Asian market studies, 5 of the 14 European studies,
4 of the 12 North American studies, 1 of the 2 Australian studies, and 5 of the 6 unspecified
market studies. There is an absence of recent African market studies. Moreover, there is a
need for more recent studies on proximity manufacturing in high-cost markets.
Four out of the six unspecified market studies published during 2011–2016 show various
scenarios through the modeling method without any primary or secondary data collection
and assuming a high-cost and global context (Tables VIII, XII and XIII). There seems to be a
trend in using modeling to create different scenarios for comparison and finding the best
option with the absence of using data specifically from a location. Therefore, the modeling
technique together with data collection from specific markets may be used in future studies
to find the most suitable manufacturing location, which provides the best scenario to
enhance all TBL dimensions for each market.
Relating the studied market to the research method shows that three of the four primary
studies using the mixed approach (both qualitative and quantitative) are North American.
The remaining is an Asian market study. Therefore, there is an absence in conducting proximity
manufacturing research using the mixed approach in European, African, and Australian
markets. Likewise, aside from the Asian and North American markets, there is an absence of
studied markets using quantitative research with primary data collection through surveys.
Among the 12 primary studies mentioning elements in the environmental dimension,
there are 1 mixed approach, 2 qualitative, and 9 quantitative studies, the latter of which
contained 6 using modeling approaches. Moreover, there is only one Asian market study
and no African market studies. Therefore, merging the trend of modeling quantitative
approaches with the gap of environmental studies in some markets, future studies can
explore proximity benefits for environmental sustainability in the low-cost country markets
with a quantitative modeling technique. However, the qualitative approach is generally used
in the primary studies mentioning elements in the business and social dimensions but
omitting the environmental dimension.
For the distribution of TBL sustainability across the time period, the findings show a
dominant trend in proximity manufacturing studies on the business dimension (43 articles),
mainly on the aspects of profit (39 articles), service and delivery (35 articles), and product or
process innovation and development (27 articles). Only 12 of the 45 primary studies concern
how proximity manufacturing benefits the environmental dimension. This shows that
proximity manufacturing studies have been heavily focused on the business dimension for
the past 20 years. There is still a lack of proximity manufacturing implementation to
enhance environmental sustainability aside from current practices such as avoiding
chemical substances in the manufacturing process, implementing water treatment, and
using organic material. One assumption may be that sustainability and environmental
concerns were not prominent in the past 20 years so there was no urge to conduct studies to
solve environmental issues. Most new studies follow existing ones as the norm in a field.
Therefore, proximity manufacturing studies have been predominantly focused on the
business dimension without many attempts to incorporate them into other TBL dimensions
(environment and society). Another assumption may be that the primary data available are
mainly from practitioners who paid more attention to the business dimension rather than
the environmental and societal dimensions. In the 26 studies with primary data, 5 mentioned
the business dimension, 17 mentioned the business and social dimensions, 2 mentioned the
business and environmental dimensions, and 2 mentioned all TBL dimensions.
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Although 58 percent of the primary studies mentioned elements in the social dimension,
most regarded the economy of the nations, employment, social laws and support, and
industrial linkage retention. Few studies mentioned the proximity manufacturing benefits of
improved worker and producer life (37th), human health impact (18th), and social pressure
on working condition (34th and 11th). This shows the lack of studies on how proximity
manufacturing can enhance social sustainability in the aspects of working condition, social
auditing, social compliance, and consumer health.
Table X shows that since 2005, after the expiration of the Multi-Fiber Arrangement
eliminated quotas on imports to developed nations, more primary studies have focused on
the business dimension, especially in conjunction with the social dimension. This shows the
attempts to sustain local manufacturing in those nations by pointing out the benefits to
business and society. During 2011–2012, the trend of conducting proximity manufacturing
studies focusing on the social dimension drops while the business dimension is still in focus.
However, the social dimension receives attention again after 2013. As Khurana and Ricchetti
(2016) showed that stakeholders in the clothing industry paid more attention to social
compliance and auditing as well as sourcing strategies after the collapse of the Rana Plaza
factory in Bangladesh in April 2013, the academic field might wish to follow the trend.
Since 2012, there have been more environmental concerns discussed, as shown in
Table X; more primary studies are involved in both business and environmental
dimensions. Nevertheless, only three primary studies (34th, 37th, 42nd) conducted from 2014
to 2016 focused on all TBL dimensions. This shows the lack of studies on implementing
proximity manufacturing for TBL sustainability and for solving environmental and social
problems. However, due to the recency of their publication, there does seem to be a trend
toward paying more attention to all dimensions of TBL sustainability in the present and
future than before. Moreover, these three primary studies researched proximity
manufacturing in China, the USA, and unspecified high-cost country markets (Table XII).
Therefore, there is a need for studies on proximity manufacturing under TBL sustainability
in other markets, particularly in Western Europe and other emerging markets.
Regarding environmental sustainability, only three primary studies (14th, 32nd, 37th)
mention using local and renewable materials, which can play an important role in
sustainable product design and development. Therefore, future studies should determine
how proximity manufacturing can help achieve sustainable production design and
development as well as a closed-loop supply chain for recycling.
7. Conclusion and implications
Reviewing the 45 primary studies uncovered the benefits and factors of proximity
manufacturing in not only the business but also environmental and social dimensions,
which cover all dimensions of TBL sustainability in the clothing supply chain, from product
design to market sales, due to the variety of journals and authors. The findings reveal the
most frequently mentioned elements in each TBL dimension regarding RQ1 and the trends
and absences in existing studies in various dimensions regarding RQ2. The reviews also
found the most frequently mentioned elements of each market location, the potential roles of
government and industrial clusters in supporting sustainable proximity manufacturing, and
definitions of proximity manufacturing in various market locations. Although the definition
of proximity manufacturing in the clothing industry is generally unclear, the findings show
that researchers tend to refer to its synonyms when discussing in-country manufacturing
for developing countries and nearshoring manufacturing for developed countries.
Regarding RQ1, the findings show not only the most frequently mentioned elements in
each TBL dimension but also the common and idiosyncratic important elements among
various locations. Time-to-market, job creation and increased employment, trade policies,
QR, meeting product specifications and high product quality, lower labor cost, capacity

flexibility, and economic growth are the most frequently mentioned benefits and factors of
proximity manufacturing in all 45 primary studies. Furthermore, time-to-market is the most
frequently mentioned benefit in all studied markets. The Asian and European market
studies reveal different proximity manufacturing benefits along with the common elements
of time-to-market and meeting product specifications and high product quality.
The most frequently mentioned benefits in the Asian market studies are concentrated in
the profit aspect. These include lower labor cost; understanding local taste and trends;
emerging markets and population density; and access to government support on tax,
finance, and delocalization, as well as production techniques, clusters, and business
collaboration. However, the studies still lack a focus on government support for the
environmental and social aspects and on other environmental elements besides lower
carbon emission. For the social dimension, the Asian market studies strongly present the
benefits of both job creation and economic growth of the region, whereas the European
market studies do not mention either and the North American market studies mention only
economic growth.
The European market studies focus on environmental benefits, not only lower gas
emission but also sustainable and clean sources of energy and filtration technology.
Under the business dimension, the European market studies uniquely focus on the benefits
in the service and delivery aspects: QR and capacity flexibility. Trade policies are also
among the main elements mentioned in both European and North American market studies.
Moreover, trade policies and the ability to offer high-value products can be viewed as unique
benefits of European proximity manufacturing, which may be the trade-off for high labor
wages. Nonetheless, the European market studies of proximity manufacturing still lack a
focus on product or process innovation and development. Furthermore, future studies need
to update the benefits from government support on trade policies, tax, finance, training,
production techniques, clusters, and business collaboration, as most of the primary studies
mentioning these elements were published before 2008.
Regarding RQ2, the descriptive analysis within and across various dimensions over the
20-year time period reveals the trends and absences of the existing studies, which future
studies can explore.
Proximity manufacturing studies are predominantly focused on the business dimension,
likely because they are usually based on data from the industrial field, which is more
involved in the business perspective rather than the environmental and social perspectives.
However, due to recent trends, stakeholders in the clothing industry are more concerned
about the sustainable environment and society. Therefore, future studies may engage in
more environmental and social dimensions, as reflected by three primary studies focusing
on all TBL dimensions published in 2014 to 2016.
Only 12 of the 45 primary studies mentioned elements regarding the environmental
dimension. Although most of the frequently mentioned elements concern gas emission and
environmental regulations, access to local and renewable materials is a rarely mentioned
but important aspect of sustainable product design and recycling. The findings show
that proximity manufacturing can help drive the sustainable retailing perspectives
mentioned in Yang et al. (2017). Proximity manufacturing may also facilitate the
implementation of other sustainable practices in the clothing supply chain, such as reverse
logistics for recycling.
Regarding research methods, semi-structure interviews and surveys are primarily used
for collecting primary data in qualitative and quantitative approaches, respectively.
The qualitative approach has been primarily used in proximity manufacturing studies since
1997 but the quantitative method has been increasingly used during 2013–2018, particularly
with the modeling technique. Nevertheless, there is the need to apply real primary or
secondary data with specific context for the modeling. Additionally, future studies may

Enhancing
clothing
supply chain
sustainability
1369

IJLM
29,4

1370

adopt the mixed method or quantitative method with primary data collection through
surveys to obtain alternative benefits of proximity manufacturing, particularly for
European, African, and Australian markets/contexts, which lack in existing studies.
7.1 Research implications and limitations
To fill the research gaps shown in the existing studies and explore interesting elements that
may improve TBL sustainability, the following research questions are suggested:
•

How can proximity manufacturing drive environmental sustainability aside from gas
emission reduction, particularly in the low-cost country market/context?

•

How can proximity manufacturing drive social sustainability aside from national
economic growth and employment topics?

•

What kind of government support and policies relating to the clothing industry in
low-cost countries can drive environmental and social sustainability?

•

How can proximity manufacturing drive product or process innovation and
development, particularly in the European market/context?

•

How can a government encourage and sustain proximity manufacturing in the
clothing industry regarding each TBL dimension in various markets/contexts?

•

How can an industrial cluster encourage and sustain proximity manufacturing in the
clothing industry regarding each TBL dimension in various markets/contexts?

•

Can proximity manufacturing benefit all TBL dimensions in a specific market/context,
particularly in the clothing industry, and what are the benefits?

•

How can proximity manufacturing drive environmental practices in the clothing
industry, such as sustainable product design, recycling, and a closed-loop supply chain?

As the findings show, the studied markets assign varying importance to the elements.
Therefore, it is very important to gain the precise data to fit to the context of each country or
continent according to their resources, capabilities, and government support. Moreover, the
elements should be updated across time because the context and resources in each country
or continent changes. As a result, collecting primary data, in contrast to secondary data, for
a specific country allows researchers to ensure data recency and perceive the surrounded
context of the collected data.
This paper has two limitations. First, it reviews only peer-reviewed journal articles; there
may be different elements to be explored in conference papers or books. Second, although this
paper explored the relationship between proximity manufacturing and TBL sustainability in
various dimensions, comparing proximity manufacturing with distant manufacturing may
reveal clearer benefits and realize barriers, which could be the drivers or aspects needing
improvement to support proximity manufacturing. Therefore, future studies on proximity
manufacturing may consider distant manufacturing for a comparative perspective.
7.2 Business implications
This paper has implications for clothing businesses to pursue proximity manufacturing
strategies. The primary studies show that businesses with proximity manufacturing can
potentially achieve short lead time, high product quality, innovation, and high profits
either through cost reductions or sales and price improvement. This helps to improve
business sustainability and create competitive advantages while supporting environmental
and social sustainability and creating shared value. Furthermore, businesses may use
the derived elements from this paper for making proximity manufacturing decisions in
various markets.

7.3 Environmental and social implications
The findings show that governments play important roles in supporting proximity
manufacturing to improve TBL sustainability. Policy makers could adopt the findings of
Section 6.3 as a guideline to support and sustain proximity manufacturing in their countries
or regions. The following are possible government contributions to support proximity
manufacturing regarding all TBL dimensions:
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•

Forming clusters with different types of suppliers and service providers related to the
clothing industry, such as fabric and component suppliers, dying and washing service
providers, and printing suppliers. Clusters allow businesses to establish vertical
production, access skilled workers, and share excess capacities with other factories;

1371

•

Issuing favorable trade policies for proximity manufacturing, such as reduced import
taxes for materials or components that cannot be found locally and high import taxes
on locally available components.

•

Utilizing carbon footprint taxation on imported garments and components and tax
rebates or benefits for proximity manufacturing.

•

Offering tax credits for proximity products and businesses that consume less
resources and release less waste in production output.

•

Supporting the utilization of recycling programs.

•

Supporting financing on machinery, technology, and business operations.

•

Supporting education on product and process development as well as skilled-worker
training.

•

Supporting business collaboration as well as creating a portal for relevant suppliers
and manufacturers in the clothing supply chain.

•

Building efficient physical and business technical infrastructures regarding roads,
rails, ports, the internet, and custom administration.

•

Cooperating with nearby governments in sharing resources and finding sustainable
locations for proximity manufacturing.

•

Issuing environmental laws and regulations regarding the limitations of water
treatment and chemical release, gas emission, and filtration technology.

•

Offering clean sources of energy.

•

Issuing social laws and regulations relevant to working conditions, wages and
overtime, and workers’ rights and health.

•

Issuing health laws and regulations to protect consumers from contaminated products.

•

Passing acts on country of origin identification in advertising.

Specifically, government support on trade policies, skilled-worker training, efficient physical
infrastructure, and sustainable environmental and social regulations are needed in the
Asian proximity manufacturing context. Conversely, European proximity manufacturing
requires support on institutional infrastructures such as tax rebates, finance, delocalization,
skilled-worker training, production techniques, clusters, and business collaboration.
Legislation together with pressure from consumers and non-government organizations
are likely to influence clothing businesses to be more responsible to society and the
environment. Lastly, public policies giving privileges to the locally produced garment
industry can drive the economy and employment as well as sustain local clothing
knowledge and the environment.
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Abstract
Purpose – The purpose of this paper is twofold. First, the author aims to explore if there is a curvilinear
relationship between the network rent, generated as a combination of the relational performance of two dyads
and the network profile of the triadic supply chains. Second, the author seek to recognize the ideal network
profile, consisting of the properties at the node and relationship level, that provides the highest network rents,
and thus enables to increase the competitive advantage of supply chains.
Design/methodology/approach – The paper opted for an exploratory study using a survey of triads
forming supply chains. In order to reveal the capability of yielding the network rent in the examined triads,
multiple regression analysis with interaction effects was employed. Having confirmed the existence of
supernormal profit, the author investigated the relationship between the network rent and the network index.
Finally, a cluster analysis was conducted to compare the network profile in the group of triads generating
higher network rents with the cluster yielding relatively lower network rents.
Findings – The obtained findings show that a combination of the relational performance of two dyads
contributes to generating the network rent, and thus ensures a more favorable competitive position of supply
chains. The results of the study also indicate that there is a significant curvilinear, inverted U-shaped
relationship between the network profile and the competitive advantage of triadic supply chains. In addition,
the following network properties appear to be particularly important for yielding higher network rents:
network centrality, betweenness, network density and network size.
Originality/value – The study contributes to the theory by testing if the network rent can be yielded as a
combination of the relational performance of two dyads in the triadic supply chains. The research also
indicates that there is a curvilinear relationship between the network rent and the network profile of
examined supply chains. Moreover, the study also addresses the link between the network profile, consisting
of the multiple network properties simultaneously, in relation to the competitive advantage of supply chains.
Keywords Competitive advantage, Supply chain, Triad, Network rent, Network profile
Paper type Research paper

1. Introduction
The issue of gaining and sustaining the competitive advantage of companies has received
widespread attention over the last few decades. However, more recently the studies dealing with
the competitive advantage have shifted the focus from individual firms to interorganizational
arrangements, such as supply chains. This new research perspective was aptly addressed by
Christopher (2016) who posits that nowadays not only is the real competition run between
individual companies, as suggested within the traditional strategic management literature, but
mostly between the whole supply chains. This catchy phrase underscores the role of
relationships in gaining and sustaining the competitive advantage of supply chains. For
instance, Melnyk et al. (2010) argue that the concept of supply chain management expands the
reach of the company beyond its immediate grasp to the other links where the competitive
The study was financed by the National Science Centre, Poland as a research project no. 2015/18/M/
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advantage may be derived. Similarly, as there are myriads of overlapping supply chains
forming networks, other studies show that the competitive advantage is achieved through the
network of direct and indirect relationships established with other links (Harland, 1996; Hines
and Rich, 1998). The role of external actors in building network capabilities is critical and
capabilities of a firm may be influenced by interaction in relationships. Therefore, as advocated
by Walter et al. (2006), possessing certain network properties enables companies to initiate,
maintain and exploit relationships, based on the commitment of various external partners.
Similarly, Christopher (1996) underscores that the ability to derive the competitive advantage is
a major motivation for the companies to commit to the network.
Although knowledge about the role of relationships in obtaining the competitive advantage
has recently increased, there are still a few research gaps to fill in. First, extant studies,
highlighting the importance of relationships for the competitive advantage, are usually
conducted within strategic alliances whose structures are distinct from those in supply chains
(Das and Teng, 1998). Supply chains are formed by legally separated firms that strive for
achieving common goals through the mutually derived competitive advantage (Bowersox et al.,
2000), and as such, in contrast to strategic alliances, they do not involve equity ties and
ownership of the companies. Second, there is also a paucity of research that investigates benefits
reaped by all companies forming a network. A vast majority of studies employ the resourcebased view and focus on the possibility of gaining and sustaining the competitive advantage
from the perspective of individual (usually focal) companies embedded in a network (Dyer and
Singh, 1998). Moreover, to date, network properties such as density (Kim et al., 2011), intensity
(Wincent et al., 2010) and centrality (Kim, 2014) have been investigated in isolation and usually
in reference to the benefits reaped by a certain echelon in the network. It simplifies the concept of
competitive advantage by treating network instrumentally as a means of bringing benefits only
for a sole company (Rowley et al., 2000). In order to fill in the above gaps, at least partially, we
aim to explore the concept of network rent that denotes the ability of yielding benefits for all
actors involved in a triad. In our study, we refer to a triad as the smallest unit of the network that
forms a basic supply chain consisting of two dyads – a central company and its immediate
supplier, and customer directly linked by one or more of the upstream and downstream flows of
products, information and finances (Mentzer et al., 2001). This is compliant with the structural
approach that captures the aspect of configuration or architecture of a network in which a focal
company and its partners within triads develop patterns of connections (Polidoro et al., 2011).
As the network can be characterized by many varied properties that are closely related to
each other, the isolated effect of one property could be very different when the other properties
are analyzed as well. Consequently, as advocated by Phelps et al. (2012), in order to properly
comprehend the role of various network properties and conclude on the relative contribution
of each of them for performance, the effects of several properties should be taken into
consideration. Therefore, the study contributes to the existing theory by addressing the link
between the competing effects of multiple network properties simultaneously in relation to the
network rent that enables to increase the competitive advantage of supply chains.
The paper starts with an overview of the network rent and its relationship to the network
properties. This is followed by a discussion of the methodology used for gathering data within
the triadic context. The next section introduces the analysis of scale measurement validation.
We then develop necessary methods to analyze empirical data and discuss research findings in
relation to the research hypotheses. Finally, we conclude with a discussion of the findings,
demonstrating limitations of the study and implications for future research.
2. Literature review and hypothesis development
2.1 Network rent as indicative of the competitive advantage of supply chains
The concept of supply chain has experienced a noticeable shift in the research focus from
dyadic arrangements to the network perspective (Dubois and Fredriksson, 2008; Kim, 2014;

Wilhelm, 2011). When investigating a network setting, one may turn to a triad, being the
smallest unit of the network in a supply chain (Choi and Wu, 2009; Dubois, 2009). Triads
might be established by two dyads covering three nodes and two links. This is
characteristic for a manufacturing setting and analogous to supply chains depicted from the
perspective of manufacturer as a focal company (Ellram and Cooper, 1993; Mentzer et al.,
2001; Lambert et al., 1998; Cooper et al., 1997; Wuyts et al., 2004). In such a structure, the
manufacturer is located in the middle between the supplier and the customer, and all three
actors establish linear product and information flows (Håkansson and Persson, 2004;
Mentzer et al., 2007). Such a triad may be referred to as an incomplete triadic arrangement,
because there is no direct link between the supplier and the customer. The access to
complementary resources of companies in a triad usually enhances the product offering and
makes a supply chain more competitive (Lamin and Dunlap-Hinkler, 2011; Yang and Liu,
2012). Essentially, capabilities of triads are tied up in the result of interaction of the
capabilities belonging to the individual companies. This interaction enables to produce extra
profit that can take the form of a network rent. In other words, network rent denotes a
superior performance generated by the companies in a network (Huxham, 1996). The
capability of generating network rent determines the strength of competitive advantage of
supply chains. Accordingly, competitive advantage can be translated into measurable
benefits of “network rent” – the difference between the benefit of network companies acting
together and the sum of benefits of the companies operating individually (Mackintosh,
1992). In the light of the above discussion, the collective benefit of network-related
companies is not a simple sum of relational rents (O’Toole, 1997), although the network itself
is built upon and comprised of a collection of bilateral relationships. This is in line with the
observation of Pathak et al. (2007) who acknowledged that supply chain network’s collective
behavior can never be explained by the linear sum of dyads. There is a necessity to capture
how a link in one dyad affects another link in another dyad (Choi and Wu, 2009).
Structurally, triads are built upon dyads; however, when the outcome of reciprocal
interactions is considered, triads are more than a collection of two dyads (Choi and Wu,
2009). Therefore, the outcome of interplay among dyads enables to yield a rent. To put it
more precisely, apart from simply capturing the relational performance in a bilateral
arrangement, we also need to simultaneously grasp how one dyad, established between the
supplier and the manufacturer in the triad affects the other dyad, formed between the
manufacturer and the customer. This will enable us to understand the interplay and
relational dynamics of supplier–manufacturer–customer relationships (Wu and Choi, 2005).
Accordingly, a combination of the relational performance of two dyads in a triad produces
stronger effects than these dyads would ever produce individually. In other words, network
rent is a supernormal profit generated by two bilateral relationships that is unattainable
by either dyad in isolation. Choi and Wu (2009) suggested that if both dyads
(e.g. supplier-manufacturer and manufacturer-customer) are examined in isolation, “they
paint one picture of two companies dealing with one another.” Therefore, we posit that:
H1. The combination of relational performance of two dyads contributes to generating
network rent in the triadic supply chains.
2.2 The role of network properties in deriving the competitive advantages of supply chains
Prior studies suggest that specific properties of networks, touching either the companies or
their relationships, such as relationship intensity, density, reciprocity, betweenness,
network size and centrality, may favor deriving the competitive advantage of supply chains
(Kim et al., 2006; Wincent et al., 2010; Palin, 2013). However, these properties are mutually
interdependent and remain in intermeshing and overlapping relationships that are most
frequently difficult to grasp. For instance, intense relationships may lead to abusive
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practices, mitigating the competitive advantage, especially when establishment of intense
relationships is associated with unbalanced power in a network (Kim et al., 2006; Uzzi, 1997).
Correspondingly, higher network density makes the contact easier and more frequent or
routinized, which in turn enhances network intensity by increasing the frequency of
interaction ( Johansson and Quigley, 2004). Interestingly, intense relationships do not
necessarily imply reciprocity and may develop despite the partner asymmetry and
imbalance (Wincent et al., 2010). On the other hand, a higher level of betweenness denotes
that it is more likely that the company serves a central role in the network. Therefore,
betweenness is often negatively associated with density. Accordingly, it is more likely that a
company positioned in the network characterized by a low level of density will serve as a
central link that bridges the structural holes. On the contrary, if the level of network density
is high, the company presumably does not hold a central position. Other studies suggest
that the density decreases when the network size increases (Burt, 2004). In other words,
larger networks demonstrate much less dense structure than smaller ones. Moreover,
network density is negatively correlated with heterogeneity. It means that the more
diversified partners, the lesser the number of links established among them (Palin, 2013).
Therefore, the higher potential derived from network heterogeneity is usually shrunk by
establishing a denser network. It shows that network density and heterogeneity are two
mutually dependent constructs.
As the study addresses multiple network properties simultaneously in relation to the
competitive advantage instead of focusing on a single, individual network property, we
draw further upon the configuration theory. In line with this theory, a set of properties
builds a network profile, and in each profile one may identify an ideal set of network
properties that yield superior performance outcome (Van de Ven and Drazin, 1985). Pullen
et al. (2012) argues that an ideal profile is formed by a combination of network properties
that fit together and are related to high performance. In the light of the aforementioned,
when analyzed jointly, the network properties may demonstrate totally different effects on
the competitive advantage, as compared to the isolated impact of certain properties. In other
words, they interact mutually in such a way that they may produce contradictory outcomes.
Based on these findings, we assume that relationships among the network profiles and
competitive advantage might be curvilinear and demonstrate non proportional contribution
of certain metrics into the process of gaining and sustaining the competitive advantage of
supply chains, as indicated by the network rent. Therefore, in the light of the
aforementioned discussion, we propose the following hypothesis:
H2. There is a curvilinear relationship between the network profile and the competitive
advantage of the triadic supply chains.
3. Methodology
3.1 Survey instrument and data gathering process
In order to conduct the study, a quantitative survey was developed as a method of data
collection. The questionnaire contained a number of variables examining network
properties of each actor and relational performance of two companies in the triad: supplier–
manufacturer or manufacturer–customer. As the study was conducted in a triadic sampling
context, all three actors establishing their triad were supposed to respond to this group of
items; however, the structure of the survey was adjusted to certain groups of respondents
regarding their roles served in the triad. In addition, as the supply chain partner located
downstream, close to the market and ultimate customer, usually has an in-depth knowledge
of customer service offered by the supply chain (Evans and Lindsay, 2005), the customers in
our study were additionally asked to rate customer-focused performance of the overall
supply chain.

The process of data gathering lasted five months in 2017, and consisted of several
stages. In order to collect data from all three links forming a triadic structure of
supplier–manufacturer–customer, we employed the methodology recommended by
Wu et al. (2010). At the first stage of the data gathering process, the manufacturers were
solicited for this study. The survey instrument was sent out via mail or fax to 340 respondent
manufacturers operating in the Europe (Poland, Germany, Czech Republic, Slovakia, Italy,
Hungary and the Netherlands). The relatively high response rate was partly secured by the
letter that had been mailed out along with the survey questionnaire. The letter was certified by
the University and National Science Center. It ensured full confidentiality of the collected data
and informed the respondents that the findings of the study would be used for the academic
purpose only. After the survey had been initially mailed or faxed, we also sent out four
follow-up reminder emails. The focal companies in the triads provided responses to the
measurement items from the perspective of the manufacturer. The surveyed informants were
also encouraged to suggest contact information to the persons on the part of the supplier and
the customer, selected on the basis of two criteria: supply components are parts that go into
the end item, received by a customer and the end item concerns the highest value product line
for the focal company. The first criterion was intended to provide context for collaboration in a
triad, while the second one stemmed from the fact that not all of the relationships are equally
significant in the network, and they differ in terms of pivotal features such as closeness,
interdependence, and rent-generating function (Leek et al., 2003). Therefore, one should
consider only such relationships that are strategically important for supply chains (Tan et al.,
1998; Cooper et al., 1997).
The obtained response rate was more than 17 percent (58 manufacturers). Such response
rates (10–20 percent) are typical for mailed surveys and comparable to other studies (Ling
et al., 2008). The informants were the logistics or supply chain managers that are familiar
with operations performed in their companies. However, only a portion of the raw data
might be used for further analysis, as the number of 52 companies (roughly 90 percent of the
initial sample) provided detailed, complete and true information on the first-tier supplier and
the first-tier customer.
After receiving feedback from the focal company, we sent the survey questionnaire to
its two informants – supplier and customer. 52 responses from the focal companies
provided us with a total of 104 potential matching suppliers and customers. In order to
demonstrate the relational setting to the informants, each survey questionnaire was
customized to clearly specify the names and part numbers of the specific components and
the names of the end products in which these components were used. The selected
informants (supplier and customer) were mostly logisticians, operation managers and firm
owners, and they provided responses to the items from the perspective of their companies.
If the informants did not return the questionnaire within a month, we contacted them
again by fax or email in order to encourage a response. Finally, out of the 104 surveys sent
to suppliers and customers, a number of 70 survey responses were received (38 and 32
came from suppliers and customers, respectively). They supplied to or purchased from 41
focal companies in total. Among this group are single supplier (nine) and single customer
(three) responses that demonstrate the findings for dyads. The remaining portion
of this group is 29 triads that establish a simultaneous relationship with both the supplier
and the customer. The subsample including triadic relationships has been employed in
this study for further analysis. The triadic collection procedure is graphically presented
in Figure 1.
3.2 Measures
In order to measure the network profile, we employed a social network analysis (SNA) that
considers the whole network, including the population of actors and relationships among them.
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Figure 1.
Data collection
procedure in the
triadic supply chains

29 matching sets of triads

Source: Adapted from Wu et al. (2010)

In contrast to the egocentric analysis that focuses on the focal actor and its surrounding
relationships, SNA goes beyond a dyadic relationship. It enables to capture a population of
nodes, interconnected through direct and indirect ties that belong to a larger web of
relationships (Rice and Yoshioka-Maxwell, 2015). Therefore, instead of analyzing a network
from the perspective of an individual node, we examined three subsequent nodes (suppliermanufacturer-customer) that formed a triad. In line with this approach, we first calculated a
certain network property (i.e. network size) for each node, and then summed the responses of
three nodes to obtain the triadic perspective. SNA provides both node- and relationship-level
metrics (Wasserman and Faust, 2004). Among the most commonly discussed node-level
metrics are network size, centrality and betweenness, while relationship-level metrics include
network density, intensity and reciprocity. The items of network profile were mostly built upon
descriptive measures (only network reciprocity was constructed on the opinion measure).
Table I depicts a detailed list of quantitative metrics used for calculating network properties
from the triadic perspective with their respective references.
Network size is measured as the number of nodes in a network. Although it may differ
across networks, it is generally accepted that at least three actors must be present in order
to form a network (Marsden, 2005). In order to calculate the network size, we summed
the responses concerning the number of direct partners (suppliers, service providers,
customers) provided by the companies in each triad. Centrality is measured by a sum of
ties possessed by a particular node forming the triad (Otte and Rousseau, 2002). Network
betweenness is calculated as a sum of the shortest paths between each respondent in the

Level of
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Network
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Nodelevel
analysis

Network
size

Metrics at
Metrics at the individual the triadic
node
level
P
si
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Explanation of
variables

References

si – number of direct
partners of a
particular node;
i – node;

Wei (2010), Zaheer
et al. (2010), Borgatti
and Cross (2003),
Gulati (1999), Burt
(2000), Baum et al.
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i

triad and its immediate upstream and downstream companies (Otte and Rousseau, 2002).
Network density is measured by an indicator that manifests the level of connectedness of
a network, and as such, it usually ranges from 0 to 1. Accordingly, it is calculated as a
number of ties of each node divided by the maximum number of ties in a complete graph,
where each node is connected to all other nodes in a network (Otte and Rousseau, 2002).
For the purpose of our study, network density was calculated as a sum of direct ties from
and to three nodes in a certain triad divided by the sum of the maximum number of
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potential ties in a complete graph. Network intensity was calculated as the sum of the
average infrequency of interaction score for each respondent in the triad (McEvily and
Zaheer, 1999). In other words, it is the ratio of 1 to the average number of conversations
held per certain period with each of the network partners. The last metric, network
reciprocity, was measured by a pair of items. Following the approach of Han-Sheng and
Chin-Hua (2014), we calculated the bidirectional importance for both companies in the
dyad to pursue common or complementary goals. The score of each pair in the triad is the
difference between the average of the sum of two scales and the absolute value of the
difference between two scales. The total scores for both dyads measured the value of
reciprocity and demonstrated that the higher the value, the higher the network reciprocity
in the triad.
Drawing from the prior research, we measured relational performance as the extent to
which both parties in a dyad generated combined effects. We used five opinion-based measures
that were inquired from respondents separately for two dyads. As a result, based on the
average responses of companies in the triad, two constructs were formed – one for the
upstream dyad (supplier–manufacturer), and the other one for the downstream dyad
(manufacturer–customer). Table II depicts a detailed list of indicators concerning relational
performance of a dyad with their respective references. In order to measure the supply chain
performance (SCP), we used scales derived from prior studies (Narasimhan and Jayaram, 1998;
Gunasekaran et al., 2001; Vickery et al., 2003). A certain level of SCP is generated by the
companies that provide their joint idiosyncratic contribution (le Dain et al., 2011). However,
when estimating SCP, one should keep in mind that each company directly and indirectly
affects productivity of the other supply chain members (Cooper et al., 1997). This might blur the
overall picture of SCP. Therefore, we used opinion-based measures dealing with customerfocused performance in order to capture the role of market as the ultimate mechanism for
determining SCP (Mentzer et al., 2001; Roethlien and Ackerson, 2004) – Table III. It enabled to
measure customer satisfaction derived from the service offered by the supply chain. This group
covers issues connected with quality performance, delivery performance and flexibility
performance, such as responsiveness to customer requests or unexpected challenges, on-time
delivery, delivery reliability, accuracy (Gligor and Holcomb, 2012).
3.3 Measurement assessment
The assessment process investigates the adequacy between a construct and procedure used to
measure or manipulate that construct (O’Leary-Kelly and Vokurka, 1998). The newly developed
metrics of the network profile, relational performance and SCP were rigorously anchored in the
literature to ensure high content validity (as presented in the previous section).

Measurement items – aspects of relational performance All items were
measured as 1 – strongly disagree; 3 – neutral; 5 – strongly agree
References

Table II.
Relational
performance items

Two companies are more profitable or more competitive together than
they would have been alone
The benefits derived from the combination must be greater than the
capabilities of each individuals
Working with a partner has allowed to overcome some problems, and
thus derive substantial benefits for a dyad
Sharing opinion and discussion between firms often lead to increased
benefits for both actors in a dyad
The ongoing costs of coordination of a dyadic relationship is balanced
by its benefits

Cheung et al. (2011), Weber et al.
(2016), Heide and John (1992)
Seth (1990), St John and Harrison
(1999)
Kim and Choi (2015)
Gligor and Holcomb (2012), Kim and
Choi (2015), Salas et al. (2015)
Harrison et al. (1993), Hill et al. (1992),
Anderson and Weitz (1992)

The total scores of network size, centrality, betweenness, density, intensity and reciprocity
obtained for each triad were used to calculate the network index. First, in order to preserve
extreme data points and not to weight them too heavily, the obtained descriptive data of the
network profile were converted into five-point Likert scale. Consequently, following
the study of Filippini et al. (1995), each value was split into quintiles by assigning number
“1” to the lowest 20 percent (bottom two deciles) and number “5” to the highest 20 percent
(top two deciles). On the other hand, the opinion data were collected using five-point Likert
scale (e.g. network reciprocity). When scoring of the responses was completed, the network
index for each triad was calculated. In line with the study of Vastag and Whybark (2005),
the total score on 6 network measures for each triad was computed. It was then compared to
the maximum possible score of 30 (6 × 5) calculated for all items of the network profile.
As the index is expressed as a percentage, the result should be multiplied by 100.
For instance, triad with a total score of 16 demonstrates a network index of 53 percent
(16/30×100). Consequently, the network index ranges from 20 to 100 percent.
In order to verify construct validity of both relational and SCP measures, we assessed
unidimensionality, reliability and validity (Table IV). Unidimensionality, established through
the exploratory factor analysis (EFA), was confirmed by all measurement variables loading on
their intended latent constructs (Hair et al., 1998). In order to evaluate reliability, we used
Cronbach’s α and composite reliability. The reliability measures of all constructs exceeded the
recommended threshold value of 0.70 (Nunnally and Bernstein, 1994). Then, we calculated
both convergent and discriminant validity to determine construct validity (Straub et al., 2004;
Sezen, 2008). As depicted in Table IV, the average variance extracted measuring the
convergent validity exceeded 0.50 for all constructs. It indicated that all constructs were
capable of explaining, on average, more than 50 percent of the variance of its indicators (Chin,
1998). In addition, none of the average shared variances is greater than the squared correlation
between the construct and any other considered construct. In aggregate, the obtained results
suggest acceptable unidimensionality, reliability and validity.
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4. Analysis and research findings
4.1 Research procedure
In order to address the formulated hypotheses, we employed a research procedure
comprised of three basic steps outlined in Figure 2. The first step enabled to identify the
network rent as a combination of the relational performance of two dyads in the examined
triadic supply chains. In order to accomplish this step, we performed the multiple regression
analysis with interaction effects. The outcome of the analysis performed in the first step of
the research procedure provided us with the necessary information to test H1. The second
step examined the relationship between the network profile and the network rent. In order to
determine a curvilinear relationship, we first conducted Sasabuchi’s test to check the sign
and significance of the squared term of network index. Then, to recognize if the relationship

Items

References

Product quality
Product conformance to customer specification
Production volume/variety flexibility

Leong et al. (1990), Adam and Swamidass (1989)
Peattie (1995), Foxall and Minkes (1996)
Gunasekaran et al. (2001), Duclos et al. (2003),
Lummus et al. (2005)
Schoenherr and Swink (2012), Bendoly et al. (2007),
Gunasekaran et al., (2008)
Narasimhan and Jayaram (1998)
Vickery et al. (2003)

Delivery speed
Delivery reliability
Response to changes in delivery due dates

Table III.
Supply chain
performance items
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Table IV.
Structure of
constructs derived
through the factor
analysis

Items

Loadings

Relational performance of upstream dyad
Two companies are more profitable or more competitive
together than they would have been alone
The benefits derived from the combination must be greater
than the capabilities of each individuals
Working with a partner has allowed to overcome some
problems, and thus derive substantial benefits for a dyad
Sharing opinion and discussion between firms often lead to
increased benefits for both actors in a dyad
The ongoing costs of coordination of a dyadic relationship is
balanced by its benefits
Relational performance of downstream dyad
Two companies are more profitable or more competitive
together than they would have been alone
The benefits derived from the combination must be greater
than the capabilities of each individuals
Working with a partner has allowed to overcome some
problems, and thus derive substantial benefits for a dyad
Sharing opinion and discussion between firms often lead to
increased benefits for both actors in a dyad
The ongoing costs of coordination of a dyadic relationship is
balanced by its benefits
Supply chain performance
Product quality
Product conformance to customer specification
Production volume/variety flexibility
Delivery speed
Delivery reliability
Response to changes in delivery due dates

Methods

Research
problem

Step 1

Figure 2.
Research procedure
employed in the study

α

%
CR AVE MSA variance

0.74 0.83 0.62

0.74

0.74

0.83 0.84 0.64

0.73

0.62

0.82 0.86 0.52

0.71

0.67

0.928
0.502
0.579
0.904
0.922
0.504
0.607
0.934
0.948
0.907
0.678
0.781
0.694
0.714
0.745
0.695

Step 2

Exploring the network
rent in the examined
supply chains

Examining the relationship
between network profile
and the network rent

Multiple Regression
Analysis with
Interaction Effects

− Sasabuchi’s test for the sign and significance of
the squared term of network index;
− Slope tests for checking if the slope is
sufficiently steep at both ends of data range;
− Calculating the turning point Tp and testing if it is
located within the data range

Testing H1

Testing H2

Step 3
Identification if triads share a
common profile of network
properties in each group

Splitting the sample into two
homogenous groups using the
90 percent confidence interval implied
by the Fieller method:
− Levene’s test;
− ANOVA analysis;
− t-Test

Recognizing the ideal
network profile

is U-shaped at both sides of the curve, we verified the significance of both slope tests.
Finally, we calculated the turning point Tp and determined whether it was located within the
data range. It was tested by estimating the 90 percent confidence interval using the Fieller
method. The findings obtained in the second step enabled us to test H2. In the third step of
the research procedure, we attempted to identify the ideal network setting, such that
provides the highest network rent. Consequently, we split the sample into two groups using

the 90 percent confidence interval implied by the Fieller method for the network index.
Finally, we were able to identify if the triads shared a common profile consisting of
properties at the node level and relationship level in both groups.
4.2 Multiple regression analysis with interaction effects
Following the study of Peng et al. (2018), we developed the multiple regression model with
interaction effects to demonstrate synergy between two independent variables. In other words,
we tested for the interaction between two variables manifesting relational performance – value in
the first dyad and value in the second dyad. If such interaction exists, we posit that the network
rent is present in the triad. The multiple regression model with interaction effects enabled to first
demonstrate the contribution to variance in SCP accounted for relational performance generated
by both dyads within the triad. Second, the model also provided information on the significance
and effects of network rent on SCP by taking into account the interaction effects.
In line with the approach recommended by Aiken and West (1991), we used the factor
scores (derived from the EFA when assessing unidimensionality), to demonstrate SCP and
relational performance of dyads (main terms in the model). The cross-product (interaction
term) manifests the network rent that was generated from the factor scores of both
relational performances. Finally, following Balli and Sørensen (2013), we developed an
empirical regression model with interaction effects for SCP:
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SCP ¼ aþb1  RP UD þb2  RP DD þb3  ðRP U D  RP DD Þþe
The regression model is based on three independent variables, acting as predictors and the
observed scores of dependent variable, where SCP is supply chain performance, α is an
intercept (constant), βn are standardized regression coefficients or betas and ε is the error
that captures unobserved effect specific for SCP. In this model, RPUD, RPDD and
RPUD × RPDD denote the relational performance of upstream dyad, relational performance of
downstream dyad, and interaction between the relational performance of upstream and
downstream dyads, respectively. They are used to measure the effects of relational
performance generated by both dyads and the network effect between them.
As reported by Balli and Sørensen (2013), the main terms and the interaction term in the
model can sometimes be correlated. Therefore, we assessed multicollinearity using variance
inflation factors (VIFs). The values of VIFs in the obtained model ranged from 1.00 to 1.20,
which is a commonly accepted level for detecting multicollinearity, suggesting a moderate
(not problematic) correlation between variables (Akinwande et al., 2015). A Durbin-Watson
statistic estimated for the model is 1.85 and demonstrated a very low level of autocorrelation
between variables (Field, 2009). Table V shows the detailed results of regression analysis
with interaction effects.

Dependent variable

Model

Std.
coef.

Sig.

Ft-value ratio

Supply chain
performance (SCP)
Relational performance of
upstream dyad
Relational performance of
downstream dyad
Network rent
Note: *Significant at p-value o 0.0001

17.08*

Durbin–
adj.
Watson test VIF R2
1.847

0.194

0.375 0.000

5.21

1.05

0.402 0.000

6.41

1.15

0.271 0.055

2.01

1.08

Table V.
Multiple
regression model with
interaction effects
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The regression analysis for the SCP showed that the adjusted coefficient of determination
(R2adjusted) was 0.194. It suggests that the predictors explain roughly 20 percent of the
variance in SCP. As depicted in Table V, all three predictors were significant in the model.
The model had F-ratio value of 17.08, which indicates that the null hypothesis of no
relationship or a negative relationship between independent variables and SCP can be
rejected at the level of p o0.05, as demonstrated by the positive regression coefficients for
independent variables. The standardized regression coefficients indicated the relative
strength of each of the significant independent variables, as demonstrated by ( β, p) at the
end of each variable. There was a positive influence of relational performance generated by
the upstream dyad (0.375, 0.000), downstream dyad (0.402, 0.000), and the network rent
(0.271, 0.055) on SCP. It is also worth noting that both factors of relational performance quite
similarly contributed to SCP. In other words, the higher relational performance generated
upstream and downstream dyads, the greater overall SCP. Interestingly, the network rent,
interpreted as the effect of reciprocal influence of relational performance generated by two
dyads, was significant in the model (at p o0.1). This finding suggests that the network rent
actually existed in the examined triads. Moreover, it had a positive influence on SCP. This
clearly evidences that the increase of network rent significantly contributes to the higher
level of overall SCP. The obtained findings show that the combination of relational
performance of two dyads contributes to generating the network rent in the triadic supply
chains, and thus lends a support to H1.
4.3 Curvilinear (U-shaped) relationship between the network profile and the network rent
The network rent calculated in the previous step of the analysis was then used to illustrate
the relationship with the network index obtained for each triad. The outcome of the analysis
suggests that there was a nonlinear relationship between the network index and the
network rent in the examined triads. In addition, the curvilinear regression analysis
demonstrates that this relationship was parabolic and followed a quadratic equation (adj.
R2 ¼ 84.4, F ¼ 76.89, po0.000). In other words, the network rent first increases with the
network index to reach a maximum, after which the network rent decreases at the
increasing network index. The point at which the curve attains its maximum (the highest
network rent) may be referred to as a “turning point.” The aforementioned interpretation
suggests the existence of the inverted U-shaped relationship between the network index and
the network rent. In order to ensure the correct interpretation of the findings, the research
procedure recommended by Lind and Mehlum (2010) has been employed. The results of the
procedure are depicted in Table VI.
First, following Sasabuchi’s (1980) test for an inverted U-shaped relationship, we checked
the expected sign and significance of the squared term of network index. In our study, the
squared network index term had a negative value and was significant (at p o0.000) given a
t-statistic of −12.60. Consequently, the null hypothesis that the regression function is linear
can be rejected against the alternative that it is quadratic. This statistically evidences that
Dependent variable: network rent (NR)

Table VI.
Test of an inversely
U-shaped relationship
between the network
index and network
rent

Network index – NI
Network index – NI squared
slope at NIl
slope at NIh
Turning point Tp
90% confidence interval
Notes: nSignificance at p o0.01;

β1
β2
β1+2β2NIl
β1+2β2NIh
β1/(2β2)
Fieller method
nn
significance at p o 0.05

27.12n
25.74n
6.58nn
−7.87nn
0.53
[0.45−0.65]

the curvilinear relationship between the network index and the network rent may be
described by the quadratic equation – Figure 3. In the second step of the analysis, we
checked if the slope is sufficiently steep at both ends of the data range (Haans et al., 2016).
We performed tests of the combined null hypotheses recommended by Sasabuchi (1980): the
effect of network index on network rent does not increase at low values of the network index
(the slope β1+2β2NIl at NIl is positive and significant), and the effect of network index on
network rent does not decrease at high values of the network index (the slope β1+2β2NIh at
NIh is negative and significant). As depicted in Table VI, the slope at NIl is 6.58, while the
slope at NIh is −7.87 (at p o0.05). Generally, the obtained results of the analysis suggest that
both slope tests were significant, which means that the relationship is U-shaped at both
sides and may be fitted by Y being a quadratic function of X. In the third step of the
analysis, we calculated the turning point Tp which needs to be located within the data range.
This condition was tested by estimating the 90 percent confidence interval using the Fieller
method (Hirschberg and Lye, 2004). The extreme value (maximum network rent) was
estimated at 0.53 and the 90 percent confidence interval implied by the Fieller method was
~ l ¼ 0:45 to N~I h ¼ 0:65. The findings suggest that the estimated confidence interval
from NI
was within the data range [NIl ¼ 0.40 ; NIh ¼ 0.68]. In addition, the maximum network rent
was roughly in the middle of the data range. Consequently, building on the findings of the
analysis, we assume that there is a U-shaped curve between the network index and the
network rent. The analysis of the relationship between the network index and the network
rent also shows that the confidence interval for the maximum value of network index and
the two lower bounds on the slopes at each endpoint. This figure shows a typical concave
function with the turning point Tp being located almost right in the middle of NIl and NIh,
and both slopes of the curve being relatively steep. Hence, there is a significant U-shaped
relationship over the range of the data. Therefore, in the light of the obtained findings, we
can conclude that there is a curvilinear (more precisely – an inverted U-shaped) relationship
between the network profile and the network competitive advantage of triadic supply
chains that lends a support to H2.
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4.4 Examining the ideal network setting
When a dependent variable manifests some form of performance (e.g. network rent), one
might face a question on the optimal composition of network properties that generate the

Tp

NIi

90% Fieller interval
for Turning point Tp NI
h

0.60

Network rent

0.40

0.20

0.00
0.39
NIi

0.49

0.59
Network index

0.69
NIh

Figure 3.
U-shaped curve
between the network
index and network
rent

IJLM
29,4

1392

network rent close to the theoretical maximum. In order to respond to this issue, we
attempted to identify the ideal network profile, such that provides the highest network rent.
Consequently, we split the sample into two homogenous groups to identify if triads share a
common profile of network properties in each group (Meyer et al., 1993). The classification
criterion was the 90 percent confidence interval implied by the Fieller method for the
network index. Accordingly, the first cluster contained 69 percent of triads that fell into the
90 percent confidence interval and the second cluster included 31 percent of triads outside
that range. This approach enabled to juxtapose the group of triads generating higher
network rents against the cluster, yielding relatively lower network rents. In order to
recognize if the network rent was significant across two clusters, we performed the ANOVA
analysis and t-test. Due to a relatively small number of the cases (29 in total), first we
performed the Levene’s test in order to check if there was homogeneity amongst variances
of the obtained groups. As the outcome of Levene’s test was insignificant at po 0.05, the
hypothesis of homogeneity of variances can be accepted. The obtained findings were
additionally confirmed by F-test for homogeneity of variances, which demonstrated that
none of the six test values was less than 0.05. The results suggest that running the ANOVA
analysis is justified from the methodological point of view, as empirical data manifesting
network rent were not too heterogeneous and belonged to the same universe of variation
phenomena (Schmidt and Hollensen, 2006). The ANOVA analysis of network rent across
clusters showed that the F-value ¼ 63.25 was high above Fcrit ¼ 4.21 and the average
factorial score of network rent (0.530) in the first cluster significantly differed from the
network rent (0.214) in the second cluster at p o0.05. Accordingly, the first class is referred
to as the “Higher network rent cluster”, while the second group is described as the “Lower
network rent cluster.” In order to seek richer patterns to confirm whether both groups of
triads generating different average rents differ in terms of network properties, we primarily
found that within the group, the differences are much smaller than between-group
differences. Furthermore, the results of F-test showed that the most striking difference
between two clusters was indicated by network centrality (F(1,27) ¼ 27.12, p o0.01) and
network density (F(1,27) ¼ 15.24, p o0.01), followed by network betweenness (F(1,27) ¼ 5.47,
p o0.05) and network size (F(1,27) ¼ 4.52, p o0.05) – Table VII. The remaining two
properties (network intensity and reciprocity) turned out to be insignificant at p o0.05. The
obtained findings suggest that a lower degree of network centrality and betweenness
contributed to obtaining higher network rents. Understandably, higher network density and
larger network size facilitated generating higher network rents. In general, the findings
showed that structural network properties (more precisely – strategic resources that lie
beyond the boundaries of actors in triadic arrangements) play a significant role in
determining the network rent. On the other hand, network properties that are more dealing
with the quality of relationships (more general – relational embeddedness) appear to be
equally important for both clusters. Therefore, based on the derived findings, we briefly

Level of analysis
Node-level analysis

Table VII.
Network profile of
clusters (average
scores for triads)

Network property

Higher network
rent cluster
Lower network rent cluster F-values

Network size
21.8
Network centrality
18.3
Network betweenness
3.1
Relationship-level analysis Network density
0.58
Network intensitya
0.0018
Network reciprocity
4.2
Notes: aReverse-coded. nSignificance at p o0.01; nnsignificance at po 0.05;

15.4
26.5
5.6
0.34
0.0042
3.5
nnn
non-significant

4.52nn
27.12n
5.47nn
15.24n
3.09nnn
2.47nnn

conclude that obtaining the best network setting from the network rent perspective may
effectively be promoted or constrained by an appropriate constellation of the structural
network properties.
5. Discussion and deliverables
The study highlights the aspect of network profile in which patterns of relationships are
developed in a triad consisting of the manufacturer as a focal company and its partners
(both supplier and customer). As such, it fits into the configuration-driven research stream
emphasizing that patterns of connections in triads are embedded and shaped by the
network of relationships that are external to the examined triads (Kim, 2014). In our study,
we found that the hypotheses were supported. First, the obtained findings indicate that in
case of triadic arrangements, a significant supernormal profit is derived as the outcome of
mutual interplay between the relational performance of two dyads. The relational
performance of a dyad considers reciprocal benefits generated for both parties. This is an
embodiment of the “non-zero sum relationship” rule where all participants of certain
arrangement are winners (win-win situation) (Dyer and Nobeoka, 2000; Joshi and Campbell,
2003). As a triad is the smallest unit of network and benefits are gained by all actors, we
argue that the profit may be referred to as the network rent. Moreover, our study
demonstrated that there was a significant relationship between the network profile and the
competitive advantage of supply chains. In particular, based on the conducted analysis, not
only did we delineate a curvilinear relationship between the network index and the network
rent, but we also detailed that the relationship is of the inverted U-shaped type. The findings
suggest that there is a certain constellation of network properties that bring the highest
network rents, and thus enable to obtain a more competitive position. The study addressed
this constellation by examining the network profile, consisting of multiple network
properties simultaneously, and finding the properties that have the strongest impact on
providing the highest rents. The results showed that both extreme minimal and extreme
maximal values of network metrics perform insufficiently from the perspective of their
contribution to the competitive advantage. On the other hand, moderate values of network
properties might work best for achieving and sustaining the competitive advantage. In line
with the findings, the following network properties appear to be more important for yielding
higher network rents, and thus obtaining a better competitive position: network centrality,
betweenness, network density and network size. The type and average scores demonstrated
by these properties suggest the primacy of Coleman’s (1990) seminal study in which a
cohesive social structure (i.e. larger and denser network with centrality and betweenness)
facilitates information sharing, thereby enhancing interorganizational coordination and
rapid access of actors to knowledge resources (Dyer and Nobeoka, 2000; Ingram and
Roberts, 2000). In other words, the actors in tighter embedded networks enhance
information sharing, develop reciprocal trust and obtain more coordination, which finally
leads to superior results (Coleman, 1988).
Admittedly, the study showed significant differences among the network properties in
both groups of triads regarding the network rent; nevertheless, there is no single perfect
network setting that fits all triads and works best in all environmental conditions. To date, it
seems that the companies establishing triads are rather continuously challenged to chase for
the most appropriate network setting, making the constellation of network properties
temporarily suitable for particular circumstances. More importantly, Burt (1992) points out
that superior past performance can lead to future competitive advantages in establishing a
constellation of network. Consequently, there is no one single, ideal way to build
a constellation of network properties. While a certain network setting may work in some
cases, it may appear to be totally useless in others. Clearly, increasing the importance of
a certain network property can lead to seemingly conflicting outcomes. Therefore, each of
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the network settings has its own pros and cons when it comes to the network rent. For this
reason, the awareness of proper understanding of the advantages and disadvantages for
each network setting is necessary, particularly when seeking a balanced portfolio from the
network rent perspective.
6. Implications for the future research
The obtained findings of the study, as well as the highlighted contributions, provide
exciting future research avenues. Essentially, when a dependent variable manifests some
form of performance – like the network rent in our study, the issue that would require
further investigation is to explore why a vast majority of the examined triads undershoot or
overshoot the optimal composition of network properties, such as that the network rent is
far below the theoretical maximum. This question, frequently faced by the authors who tend
to scrutinize a relationship with performance as dependent variable, definitely requires
further in-depth investigation. The findings of the study can also be very instrumental in
understanding other types of triadic arrangements within a manufacturing setting. For
instance, it would be interesting to investigate the rent derived by a triad composed of three
nodes and three links, and thus covering three dyads. In other words, it would be worth
investigating if the value of the network rent may change when it is dependent not only on
the relational performance of two dyads, but also on the third direct relationship between
the supplier and the customer. The study could also be extended beyond a triadic scope and
involve tetradic ( four-firm) arrangements. This could enhance the current state-of-the-art of
research in terms of the methodological development for investigating end-to-end supply
chains. A particularly challenging issue here would be to investigate the network rent
yielded within a tetradic setting, and juxtapose the value of this rent with the network
profile of the examined supply chains.
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Abstract
Purpose – The purpose of this paper is to propose a practical method to elicit – in a manner grounded in
fact – the “as is” supply chain strategy that a business unit currently has in place. It also proposes a
framework to represent the supply chain strategy of a business unit in a clear and actionable manner.
Design/methodology/approach – A framework to represent the supply chain strategy of a business unit
was developed through inductive theory generation. A method to elicit the current, “as is” supply chain
strategy of a business unit was developed through collaborative management research projects and validated
by several third-party projects.
Findings – In different projects – many conducted by third parties – the method was found to be a useful
approach to elicit the “as is” supply chain strategy of a business unit. Practitioners found value in
representing a supply chain strategy as a conceptual system serving as a logical bridge between the overall
strategy and the supply chain operations of the business units.
Research limitations/implications – The proposed framework may have limited scalability beyond a
single business unit. The proposed method may be less useful when the supply chain strategy is undergoing a
dramatic transformation, or when the participants from the company are either not fully engaged in the
exercise or knowledgeable about the strategic rationale behind activities.
Originality/value – The paper provides an innovative approach to tap into the tacit knowledge of the
organization to reveal the patterns of decisions underpinning its current supply chain strategy and to
characterize the supply chain strategy of a business unit as a conceptual system.
Keywords North America, Europe, Supply chain strategy, South America, Conceptual research,
Strategy elicitation, Strategy representation
Paper type Research paper

1. Introduction
Supply chain strategy is important for a business unit
Supply chain strategy has long been considered important. Three decades ago, Shapiro and
Heskett (1985) described “strategy” as one of the two facets—in fact, the most important one—of
what was then called logistics. A few years later, in a pioneering article on supply chain
management, Stevens (1989) claimed that an integrated supply chain strategy is necessary for a
supply chain[1] to realize its potential and provide the business with a competitive advantage.
Since the turn of the century, supply chain strategy has become “an increasingly
important topic” (Morash, 2001, p. 50). Varma et al. (2006, p. 226) claimed that “top
performers have a clear supply chain strategy aligned with overall business objectives and
customer requirements.” Narasimhan et al. (2008, p. 5234) asserted that “in the competitive
global environment in which firms operate today, developing a successful supply
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chain strategy is critical to a firm’s long-term competitive success.” More recently, Roh et al.
(2014) stated that “supply chain practices solidly built upon a supply chain strategy can
enhance the firm’s and its supply chain partners’ business performance and thus their
competitiveness.”
Because of this, it is important for practitioners to be able to discuss their own supply
chain strategy in a substantive and factual manner. Many events may move a business unit
to discuss its supply chain strategy. Aitken et al. (2003), for example, argued that changes to
the supply chain strategy are necessary as a product proceeds through its life cycle, in order
to maintain competitiveness. Other motivators may be changes inside the business unit,
such as the arrival of a new CEO with a different strategic vision for the company, or
changes in the business environment, such as new regulations, new technologies, new
competitors and entry to new markets.
Discussing a specific supply chain strategy is difficult
Despite its importance, discussing a specific supply chain strategy in a substantive and
factual manner remains a difficult task for practitioners, and—as a consequence—“it is
often the case that high-level discussions of supply chain strategy are completely void of
facts” (Hicks, 1999, p. 27). Part of the difficulty of discussing the supply chain strategy of a
business unit may stem from what Bakir and Bakir (2006) called the “elusiveness” of
strategy. But it may also be that the difficulty of discussing supply chain strategies in a
substantive manner results from the fact that “many questions remain unanswered about
how best to characterize supply chain strategies” (Frohlich and Westbrook, 2001).
An important question is how to represent a supply chain strategy in a clear and
actionable manner. To better understand what this question entails, imagine a scenario
where a practitioner, for example the new head of supply chain in a business unit, wants to
discuss with her staff a new supply chain strategy that she is considering. It will be assumed
here that lack of information is not a problem: all the relevant aspects of the new supply
chain strategy are known to her, since it is her creation. The question, then, is how can this
practitioner articulate this supply chain strategy (i.e. express it distinctly), conceptualize it
(i.e. represent it with concepts) or characterize it (i.e. define it in form or describe its
distinctive features), so that her staff can understand it well enough to engage her in an
intelligent and substantial discussion about its merits and flaws?
Supply chain strategy is not always well defined or explicit
Despite the availability of representational frameworks in the supply chain literature
(e.g. Cigolini et al., 2004; Frohlich and Westbrook, 2001; Perez-Franco, 2010, etc.), supply
chain strategies are not always well defined in practice. Harrison and New (2002) conducted
an international survey on supply chain strategy, targeting “senior managers with
responsibility for supply chain operations” within “relatively large business units” “from all
the major industrial sectors.” A “major issue to be investigated in the survey was the current
state of supply chain strategy” and its “relative importance” within the business unit. From
the 258 usable responses they received, more than half (58 percent) of the respondents
reported that their business units lacked a well-defined supply chain strategy. This
percentage broke down as follows: 43 percent of all units reported having supply chain
strategies that “lacked detail,” with “only some elements defined,” and 15 percent reported
that their supply chain strategies were either “patchily defined with poor definition” or
altogether “non-existent.” This cannot be entirely explained as a lack of interest in supply
chain strategy: a total of 180 business units reported that supply chain strategy was “an
important or very important factor” for them, and almost half of these (47 percent) lacked a
well-defined supply chain strategy.

Additionally, supply chain strategies are not always made explicit. Perez-Franco (2010,
p. 83) reported that out of 20 case studies about supply chain excellence prepared in 2005 for
the MIT Supply Chain 2020 Project, only two (10 percent) made explicit reference to the
firm’s supply chain strategy, despite the fact that the cases were focused on the supply chain
practices of world-class firms. In comparison, 18 of the 20 cases (90 percent) explicitly stated
the firm’s business strategy. Dittmann (2012) reported on a “survey on the state of supply
chain strategy,” conducted with his colleagues at a Supply Chain Forum meeting. “Overall,
62% of the respondents said that they have a supply chain strategy, but, upon further
probing, only 30% of those respondents confirmed that their strategy was a documented,
multiyear strategy. Thus only 18% of companies (30% of 62%) can produce an up-to-date
supply chain strategy document with a detailed project road map that goes at least three
years” (Dittmann, 2012, p. 4).
What is a supply chain strategy?
What about the other 70 percent of that 62 percent? As Dittmann pointed out, these firms
are not able to produce a “documented, multiyear” supply chain strategy. But does this
mean that these firms lack a supply chain strategy altogether? Could it be, instead, that
what they understand as a supply chain strategy is something other than “a detailed project
road map that goes out at least three years,” as expressed by Dittmann (2012)?
Mintzberg (1978) warned against “the notion that strategies […] are deliberate plans
conceived in advance of the making of specific decisions.” By defining strategy, instead, as
“a pattern in a stream of decisions,” Mintzberg said, one is able to research strategy in a
broader descriptive context and to “study both strategies that were intended and those that
were realized despite intentions.” Similarly, Andrews (1987) stated that “strategy is the
pattern of decisions in a company” that “reveals” its goals, and Porter (1996) stated that “the
essence of strategies is in the activities.”
In this same vein, but in the supply chain realm, Narasimhan et al. (2008, p. 5234) stated
that a “supply chain strategy can be viewed as the pattern of decisions related to sourcing
products, capacity planning, conversion of raw materials, demand management,
communication across the supply chain, and delivery of products and services.” Cigolini
et al. (2004, p. 12)—after conducting an extensive meta-analysis of over a 100 case studies in
supply chain management—claimed that “what companies actually did, rather than what
they claimed their strategic intent to be, is the best clue to reveal their very supply chain
management strategies.”
There is no consensus definition of supply chain strategy in the literature. However, for
the purpose of this paper, the supply chain strategy of a business unit will be defined—
following the advice of Mintzberg (1978)—as the patterns of decisions (Narasimhan et al.,
2008) related to the supply chain activities of the business unit (Cigolini et al., 2004), as well
as the supply chain’s objectives and policies (Stevens, 1989). This definition of supply chain
strategy as a set of both objectives and decisions, of both goals and actions, has a precedent
in the literature in Brun and Castelli (2008).
This now leads to the research question that will be addressed in this paper:
RQ1. How to elicit an existing supply chain strategy, as is, based on facts.
To better understand this question, imagine a scenario where a practitioner, the head of a
supply chain, wants to discuss with her staff the current supply chain strategy of her
business unit. On the one hand, it may be the case that her business unit has what Harrison
and New (2002) called a “clearly defined” supply chain strategy, but she has doubts about
whether this strategy as it is stated corresponds to the strategy as it is executed in the pattern
of decisions of the supply chain. On the other hand, it may be the case that her business
unit has what Harrison and New (2002) called a “patchily defined” or “non-existent”
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(or, put another way, tacit) supply chain strategy. The question, then, is as follows: how can
this practitioner elicit the current supply chain strategy of her business unit, in a manner that
is grounded in fact?
2. Literature review
For decades, supply chain strategy has been presented as a topic in the specialized supply
chain literature. Recent articles, for example, have examined supply chain strategies within
particular industries—such as the food industry (Lyons and Ma’aram, 2014) and the fashion
industry (Brun and Castelli, 2008; Kim, 2013)—and the relationship between supply chain
strategy and other strategies of a company—such as the global financial strategy
(Blackman et al., 2013) and the environmental strategy (Wu et al., 2014)—as well as the link
between supply chain strategy and a product’s life cycle (Aitken et al., 2003; Patil et al., 2010)
or the quality of a cluster’s information technology (Zhou et al., 2014). However, only a
handful of articles have addressed—even in passing—the questions of how to elicit and
represent a supply chain strategy. The most relevant approaches found in the literature are
discussed below.
Arcs of integration
Frohlich and Westbrook (2001) envisioned supply chain strategies as “arcs of integration”
and proposed that “different supply chain strategies can be empirically classified into at
least five valid types, defined by the direction (toward suppliers and/or customers) and
degree of integration.” Thus, for example, the supply chain strategy of a given firm could be
characterized as having a narrow arc of integration with customers and a broad arc of
integration with suppliers. This framework helps characterize an important quality of a
firm’s supply chain strategy, namely the degree of integration of a firm with its suppliers
and customers. However, it fails to capture how the supply chain strategy relates to the
firm’s overall business strategy or to its supply chain operations in the field. It is also not
clear how the characterization of a supply chain strategy as an arc of integration can serve
as an actionable starting point for a substantial evaluation of a business unit’s supply chain
strategy.
Techniques–tools matrix
Also focusing on the interface between the firms in a supply chain, Cigolini et al. (2004)
explicitly asked, “How can [a supply chain strategy] be operationally defined and
represented?” They developed a partial catalog of “techniques” that operate at the
interface between companies, and then identified in the literature the supply chain “tools”
that support the implementation of these techniques. They proposed creating a
“techniques–tools matrix,” namely, a matrix with the supply chain techniques as row
headers and the supply chain tools as column headers. The matrix contains a check mark in
each cell where a tool provides support to a technique. Cigolini et al. (2004) stated that
“perhaps the most promising usage of the techniques–tools matrix is in its inherent ability
to synthesize and represent SCM strategies.”
The techniques–tools matrix is significant as a pioneering effort to operationally define
and represent a supply chain strategy. Nevertheless, it suffers from important limitations.
The matrix fails to capture how the supply chain techniques and tools relate to the firm’s
overall strategy, and—by focusing solely on the interface between companies—it
deliberately ignores the activities that take place inside the firm. Also, it does not make any
provision for the tacit nature of some supply chain strategies: by relying on a catalog of
predefined supply chain techniques, the matrix builder may be tempted to pick items that
are appear similar to those practiced, even if not grounded on the activities of the firm.

Segmentation tree
Brun and Castelli (2008) presented a framework to map the supply chain strategy of a
single firm. Working on the problem of supply chain strategy in the fashion industry, they
proposed a “model for [supply chain] strategy segmentation within a portfolio approach,”
which they called a “segmentation tree.” This model is based upon the assumption that
three elements, namely, product, brand and retail channel, suffice to provide “a complete
overview of the fashion industry.” By segmentation, the authors refered to whether a firm
applies “the same strategy to all its business segments” or instead “segment[s] its strategy
depending on [any of] the three proposed elements.” The authors suggested that a supply
chain strategy in the fashion industry would be sufficiently defined by knowing how
this segmentation takes place on the basis of the three elements, and the order in which
the elements were prioritized: “it can be supposed that the overall supply chain strategy of
a company could be described by a segmentation tree” (Brun and Castelli, 2008).
This framework provides guidance for mapping an important attribute of supply chains,
namely segmentation (Anderson et al., 2007).
However, segmentation based solely on the customer-focused attributes may not
completely characterize the supply chain of an apparel firm: other activities, such as demand
forecasting and sourcing, are also critical determinants of the performance of a fashion
retailer’s end-to-end supply chain (Phadnis and Fine, 2017). In addition, the framework also
fails to capture how the supply chain strategy of a firm relates to its overall strategy or to its
supply chain operations.
Customer–product–process–resource (CPPR) framework
Martinez-Olvera and Shunk (2006) proposes the CPPR framework, built upon the premise
that there are six “business models” that a manufacturing firm may follow. The six models
are engineer to order, make to order, make to order and assemble to order, assemble to order,
make to stock, and make to forecast. Each one is associated with a series of specific values
for what they called “supply chain structural elements,” which in turn define a supply chain
strategy. Martinez-Olvera and Shunk (2006, p. 4517) presented “a realignment
methodology,” which consists of four steps. Step 1 of this methodology, to “assess the asis situation,” is relevant to the research question of this study. They describe it as
“establishing” the “current way of operation” of the company “using the configuration
attributes” given by the CPPR framework. Even though the method seeks to characterize
supply chain strategy as practiced, its reliance on a predetermined set of “supply chain
structural elements,” in predefined areas could lead one to overlook the variables in the
areas not covered by CPPR that may be important to a given firm.
Conceptual system assessment and reformulation (CSAR)
Perez-Franco et al. (2016) presented CSAR as a “holistic approach to supply chain
strategizing” that can be used to elicit and represent supply chain strategy. This framework
allows one to map the supply chain strategy of a business unit, as practiced, by studying its
supply chain activities, as well as to link the activities to the business unit’s strategy.
Because CSAR does not provide a catalog of predefined areas or activities to choose from,
one is not constrained to define the supply chain strategy using a standard set of elements,
but must instead map the as-is supply chain strategy based on the actual practices of the
business unit, in the areas considered relevant. The trade off in this approach, then, is that
the person(s) conducting the mapping exercise needs to articulate and label each supply
chain activity, without a a catalog of common industrial activities to serve as reference.
In summary, a variety of frameworks are available in the extant literature for
representing the supply chain strategy of a business unit. Among the ones reviewed here,
the CSAR framework is best suited to answer the research question of this study, due to its
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focus on the supply chain strategy of a single business unit and ability to map the
as-practiced supply chain strategy without being constrained by a standard set of elements.
However, Perez-Franco et al. (2016) did not provide a detailed method for eliciting the supply
chain strategy. The present study seeks to fill this gap by providing an actionable method
for eliciting supply chain strategy of a business unit, in line with the CSAR framework.
A secondary contribution of the actionable method presented in this study is that the
method’s output (called functional strategy map) can be used as a measurement device in
the empirical studies of strategy–structure–processes–performance (SSPP) in the supply
chain management literature. The SSPP studies extend the strategy–structure–performance
paradigm from the strategic management literature (e.g. Chandler, 1962; Rummelt, 1974) to
the domain of supply chain management, to examine how structural choices in supply chain
strategy and supply chain processes influence performance of the supply chain. The SSPP
literature is vast but tangentially related to the present study, and hence is not reviewed
here (e.g. Chen et al., 2009; Chow et al., 1995; Daugherty et al., 1998; Defee and Stank, 2005;
Nakano and Akikawa, 2014; Patel et al., 2013; Rodrigues et al., 2004, etc.).
In the following section, we describe the collaborative management research (CMR)
projects that yielded the method for eliciting the supply chain strategy of a business unit
presented in this work. The CSAR framework (Perez-Franco et al., 2016), which provides
theoretical foundation for the strategy elicitation method, is described after the research
method. Even though we present the CSAR framework and the elicitation method in a linear
fashion, the developments of the two were highly intertwined in our action research study.
As a result, the research method described here has significant commonality with the
method described in Perez-Franco et al. (2016, p. 387).
3. Research method
The research question of this study (RQ1) is practical in nature and requires to be studied in
the context of a field setting. Given the relatively nascent nature of this topic, the method
used to answer the research question needs to take an open-ended, qualitative approach that
involves collecting qualitative data from “field sites relevant to the phenomena of interest”
and analyzing it to identify patterns that can be formalized into a “suggestive theory”
(Edmondson and McManus, 2007). Management scholars note that, for studying strategy
processes and tools, “there is little substitute for spending time in the field watching
organizational members use them” ( Jarzabkowski and Kaplan, 2015, p. 552). Therefore, we
designed the research study to be conducted in collaboration with supply chain executives
that were interested understanding the supply chain strategy of their business unit. The
goal of participating executives was to understand the specific supply chain strategy of
their business unit, while our goal was to develop a theoretical understanding of what
supply chain strategy means and how one can elicit the supply chain strategy being
practiced by the firm. This research approach, in which practicing managers and
management researchers can engage in joint reflection that clarifies the practice of supply
chain strategy, is described as CMR (Pasmore et al., 2008, p. 11).
CMR is defined as “an emergent and systematic inquiry process, embedded in an
agreed-upon partnership between actors with an interest in influencing a certain system of
action and researchers interested in understanding and explaining such systems” (Pasmore
et al., 2008). The origins of CMR can be traced back to the works of action research pioneers
(Shani et al., 2004). Action research, defined by Thorpe and Holt (2007) as “an informed
investigation into a real management issue […] resulting in an actionable solution,”
is—according to Näslund (2002)—“especially suited for an applied field such as logistics,”
since it strives “to advance both science and practice.”
The research study that is reported both in this paper and in Perez-Franco et al. (2016)
started with an effort to develop what Yin (2013) called a preliminary “understanding—or

theory—of what is being studied,” which will be referred to here as a working framework
of supply chain strategy. This effort included four stages: early exploratory interviews;
the analysis of a pool of existing case studies; the development of an early framework
through a first CMR project; and the testing and refinement of the framework through a
second CMR project.
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Early exploratory interviews
Five exploratory interviews were conducted with supply chain managers from multiple firms
in different industries to explore their view of supply chain strategy and its role in their firms.
The interviewees were senior and middle managers, with titles such as vice-president or plant
manager. Their answers suggested that the purpose of the supply chain strategy was largely
to support the business strategy. This perspective is consistent with the view in the seminal
works in operations strategy, which consider the role of operations strategy is to support the
company’s competitive strategy (e.g. Garvin, 1992; Skinner, 1969).
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Analysis of existing case studies
To provide a better understanding of how—if at all—the supply chain strategy and the
business strategy are expressed in the setting of a supply chain function, a pool of 20
publicly available case studies on the subject of supply chain excellence, prepared in 2005 as
part of the MIT Supply Chain 2020 Project, was analyzed. The analysis was performed
using a variety of techniques borrowed from the toolkit of qualitative research, particularly
from the grounded theory tradition (Easterby-Smith et al., 2002, Glaser and Strauss, 1967).
This included techniques such as open and categorical coding (Charmaz, 2014; Goulding,
2002) to remain close to the data and then identify deeper concepts, discourse analysis
(Eriksson and Kovalainen, 2008) to interpret the meaning behind the strategy discourse,
summary tables (Eisenhardt, 1989; Eisenhardt and Graebner, 2007) to compare and contrast
key features of the cases and conceptual maps (Miles and Huberman, 1994) to summarize
the emergent framework in a graphical form. The details about this analysis are extensively
presented in Perez-Franco (2010).
The analysis revealed that in 18 out of 20 cases, an explicit business strategy was
provided; in the remaining two cases, it could be inferred from the text. A qualitative
analysis of the business strategy statements presented in these cases suggests that when
the business strategy is given to the supply chain function as a strategic imperative, it
includes concepts of two types: a brief statement of the central idea of the business strategy
and several (typically three to five) statements that expand and elaborate upon it. These two
are termed Core and Pillars, respectively, in the CSAR framework.
Although only 2 of the 20 cases made an explicit reference to a supply chain strategy, a
careful examination of the remaining 18 cases revealed that—in the description of how a
supply chain operates (i.e. in the description of its activities, choices or policies)—several
interconnected, recurrent themes could be found regarding the supply chain and related
functions, whose stated purpose was to make the business strategy possible and successful.
A conceptual map was developed showing how general statements about the business
strategy related to specific statements about operations in the field. An additional two
layers of concepts were identified: guiding principles driving the functions and general
statements about how operations are conducted. These two are termed Principles and
Imperatives, respectively, in the CSAR framework.
Developing an early framework (2007–2009)
This emerging framework was applied in a CMR project with a specialty chemicals
manufacturer, Unit-X (pseudonym), to understand how describing supply chain strategy in
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terms of Principles and Imperatives can help logically connect the business strategy and the
operations in the field. The conceptual map developed from the interviews was validated in
three panel discussions, each lasting approximately three hours, with a team of eight supply
chain managers from the supply chain function of the business unit.
The close collaboration with the business unit facilitated the development of a conceptual
map that was much richer in detail than the early ones made with secondary data. This
highlighted the need for adding an extra layer in the framework that was not previously
apparent: specific statements about policies and choices that are in place to support the
Imperatives. These are termed Policies and Choices in the CSAR framework. The
collaborative research project with Unit-X helped refine the framework to include five
layers, as shown in Figure 1[2].
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Figure 1.
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Testing and refining the framework
The above framework was tested and refined in a second CMR project conducted with
Libica (pseudonym), a distribution company. The project lasted seven months, three of
which were dedicated to building the conceptual map. Data collection for the map included
22 qualitative interviews, scheduled for one hour each, on the subject of the business unit’s
activities. Validation of the map was conducted during a panel discussion, scheduled for
four hours, with a team of 24 managers, mostly from the supply chain function, but also
including related functions.
The mapping exercise with Libica provided a deeper understanding of the most basic
way in which the different layers relate to each other. These basic relationships are
described in Figure 2.

Policies
and Choices

...are put in place
to provide
support for the...
Operational in focus
specific in scope,
concrete in nature

The second project also led to greater awareness of the distinction between two concepts,
which we call nominal and executed (shown at the bottom of Figure 2). Nominal concepts
come from the business unit’s stated objectives; among them are the Core and the Pillars.
Executed concepts are inferred from the activities of the business unit; among them are the
Policies and Choices and the Imperatives. Principles can be of either type: in some instances,
they are explicitly stated by the business unit as objectives (nominal), while in others, they
have to be inferred from the activities of the business unit (executed). The nominal concepts
will be referred to, collectively, as the nominal strategy and the collection of executed
concepts as the executed strategy.
The above CMR studies produced two types of scholarly output. On one hand, they
enriched our understanding of the concept of supply chain strategy and its relationship with
the business strategy. This understanding is formalized into a theoretical framework of the
CSAR by Perez-Franco et al. (2016). On the other hand, they helped delineate a detailed
process for eliciting supply chain strategy by interviewing supply chain managers of a
business unit. This process is presented in Section 4.
4. A method for eliciting a supply chain strategy
Through careful examination of the activities that were undertaken to elicit the supply chain
strategies and build the conceptual maps during the research projects, ten steps were
distilled and articulated as actionable instructions to elicit the “as is” supply chain strategy
of a business unit. The result is what will be called here the protocol of the functional
strategy mapping (FSM) method. This protocol is presented as Appendix 1 (available
online)[3], and a brief summary is provided below. This is the second scholarly output of the
CMR projects, and the primary contribution of this study.
Step 1: define scope of the project
Identify which functions, beside the supply chain, will be included. Then identify individuals
within these functions to be interviewed. Include individuals directly involved in crafting the
business strategy, and others from the two closest hierarchical levels reporting to these.
Step 2: conduct qualitative interviews
Start the interviews by asking the individuals about the activities they perform, and later
steer toward the supply chain activities of the business unit. The individual serves as
vehicle to tap into the business unit’s practices; specific activities serve as gateways to elicit
the supply chain strategy.
Step 3: identify areas of activity and specific activities
Qualitatively analyze all the interviews to identify tentative areas of activity. Inside each
area, look for references to specific supply chain activities of the business unit. For each
activity, look for means or details that support its factuality. Retain only the activities for
which specific details (such as policies or choices) are found. Likewise, retain only the areas
of activity for which well-supported specific activities are found. Prepare a hierarchical
summary for each area of activity.
Step 4: translate each hierarchical summary into a partial map
Develop a partial map, i.e., a diagram showing concepts and the relationships between them,
based on the hierarchical summary for each area. Given the hierarchical structure of the
summary prepared in Step 3, its translation into a partial map is straightforward.
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Step 5: validate the partial maps through panel discussion
Confirm that the partial maps are a fair representation of what the business unit’s supply
chain strategy does, by presenting them to a panel of members of the business unit
possessing in-depth knowledge of the relevant areas. Revise the partial maps based on the
panel’s feedback to improve their validity.
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Step 6: combine the partial maps of strongly related areas
Examine the collection of partial maps to find strongly related areas. Combine the partial
maps that deal with strongly related areas into a single partial map, with the objective of
reducing the complexity of the final output.
Step 7: add a layer of sub-areas when needed for simplicity
If the number of items in the top two layers is unreasonably large, some consolidation is
necessary. Create an intermediate layer between the areas and activities, and populate it with
sub-areas, where each sub-area combines the ideas behind several activities grouped under it.
Step 8: create an abstract of the stated business strategy
Negotiate access to written documents stating the business unit’s overall strategy. Identify
in these documents both the central strategy statement (the Core) and the set of expanded
strategic objectives (the Pillars) of the business unit. Map them conceptually.
Step 9: assemble the functional strategy map (FSM)
Assemble the FSM out of the elements prepared thus far to represent the conceptual system
of business and supply chain strategy graphically, using a collection of statements written
inside boxes with lines connecting the boxes of closely related ideas. A template for building
an FSM is provided in Appendix 1. FSM can be built by placing the nominal map prepared
in Step 8 on the left-hand side and the first two or three layers of the partial maps prepared
in Steps 2 through 7 on the right-hand side.
Step 10: validate the FSM through panel discussion
Validate the FSM by seeking feedback from individuals knowledgeable about the business
unit’s supply chain activities. Discuss the individual feedback anonymously in a panel with
the respondents and revise the FSM, as needed, to improve its validity.
Illustrative example
A sample of an FSM representing the supply chain strategy of Libica is presented in Figure 3,
with all sensitive information duly disguised.
Figure 3 shows only four out of the five layers of the map; the fifth layer, consisting of the
policies and choices, has been suppressed due to space constraints. A detailed discussion of
how this FSM was created, following the steps of the protocol, is provided in Appendix 2 (see
Foonote 3). A larger example, a six-level FSM representing the supply chain strategy of Zara
circa 2002 (based on data from Ghemawat and Nueno, 2003), is provided online[4]. Notice that,
in these examples, lines connecting Pillars and Imperatives are avoided. This is done for the
sake of simplicity: there are usually so many relationships at the interface between nominal and
executed strategies that making them explicit would result in too many criss-crossing lines.
5. Testing and validation in the field
To our knowledge, at least 14 field projects have applied the FSM method to date. This
section gives a brief description of how these projects have contributed to the testing and
validation of the method, and summarizes the feedback received.

Nominal Strategy

Executed Strategy
Focus our efforts
in efficient
distribution

Move toward
value-added
services

Make our profit through distribution
Reduce waste of money and time in our distribution
Look for ways to make added-value services a
core competency
Deliver next-day, within delivery window
Deliver reliably, even in the face of disruptions

Deliver fast,
accurately, safely
and reliably
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Operate in a safe and environmentally responsible
manner
Deliver accurately, within committed volumes

Operate using
lean principles

Operate using optimal inventory levels

Improve
profitability
through customer
and product mix

Add profitable customers to our customer base

Operate our warehouses efficiently

Deliver exceptional
customer service

Increase profitable sales through existing customers
Address the bulk needs of national accounts

Develop air-tight
supply chain integrity
Make our
customer’s
business
less
complex
and more
cost
effective

Address the
direct-to-store and
bulk needs of
national accounts

Address the direct-to-store needs of national accounts
Establish a strategic relationship with national accounts
Help specialty customers be more efficient

Operate with a lean
supply chain network

Address the
delivery and other
special needs of
specialty
customers

Compete through
vision and know-how

Help independent retailers be more profitable
Help independent
retailers be more
competitive

Develop our
employees to their full
potential

Help specialty customers be more profitable
Address special delivery and safety needs of specialty
customers

Offer value added services to independent retailers
Automate the ordering process and double-check
ordering patterns

Simplify things for
us in our
interaction with
the customer

Employ an ordering interface that allows no backorders

Collaborate with
our suppliers, but
not in all relevant
areas

Give low priority to routine operation collaboration with
manufacturers

Offer a more effective ordering interface
Centralize customer service

Offer a broad portfolio of products and services
Develop and follow a high-level roadmap

Manage through
clear and well
communicated
objectives

Develop metric-driven leadership open to
communication and change
Work cross-functionally to satisfy the customer’s needs

Improve the
impact of our
workforce

Educate and empower our workforce
Develop the capabilities of our workforce

First-hand testing and validation
The research projects with Unit-X and Libica allowed for early, first-hand tests of the FSM
method as an approach to elicit and represent the supply chain strategy of a business unit.
The results highlighted two important success factors of the new method: first, it managed to
elicit the supply chain strategy of the business unit, not as it should be, but as it is; second, the

Figure 3.
Validated FSM for
Libica (showing
four levels)
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FSM was deemed an actionable conceptualization of the supply chain strategy of the
respective business units by the executives in charge. Both of these aspects are expanded
upon and discussed below.
Eliciting the supply chain strategy “as it is”
That the FSM method was able to elicit the supply chain strategy of the business unit as it is,
based on facts, became evident during the validation of the partial maps and the final FSM of
both Unit-X and Libica. Across the table, while the teams were discussing the evolving map, it
was a common occurrence to hear a question like: “Do we actually do this?” Sometimes the
answer would be “Yes,” other times it would be “No,” and in yet others it would be “Well, kind
of […],” almost always followed by a rich, nuanced conversation about what the business unit
actually does, and why. The ideas and purposes behind the activities, as well as the factuality
of the activities themselves, were the subject of clarifying and substantial discussion.
Actionability of the FSM
The actionability of the resulting FSM method became evident when both Unit-X and Libica
used their firms’ functional strategy maps as the basis for evaluating, and potentially
reformulating, their respective supply chain strategies. Here are some reactions to the
findings of the evaluation exercises conducted using the FSMs as their starting point.
Of the findings obtained through the analysis of Unit-X’s FSM, their vice-president of
supply chain said: “You’ve hit the nail in the head […] This is a very good crystallization of
things.” He said that the resulting report of the evaluation exercise (which was based on the
FSM) “highlights the key issues” and “managed to find the key conflicts.” He added: “Your
system seems to be able to single out and capture the fundamental issues we’re struggling
with […] I think we have a foundation for moving forward.” Likewise in the case of Libica,
the vice-president of operations and supply chain—commenting on the findings obtained in
the evaluation exercise based on Libica’s FSM—described his reaction to being faced with
the main finding as an epiphany: “To me, it was like a light bulb went off […],” he said,
adding that the cause of the problem they were facing “was clear from the material.”
The reactions to the findings of these evaluation exercises, done with the FSMs as their
starting point, reveal the extent to which such a map is an actionable device. It serves as a
foundation on which to conduct further analysis beyond the mere characterization of
the supply chain strategy, which can produce useful insights, grounded in fact, about the
supply chain strategy of a business unit.
Third-party projects
Beside the two projects that were conducted first-hand, the FSM method has been applied in
at least 12 other projects, all conducted by third parties, who received varying degrees of
guidance from the first author of the present paper. These projects are described below.
Projects by practitioners in Colombia
The first third-party to try the FSM method in the field was a group of practitioners based in
Bogota, Colombia. These practitioners were not involved in the process of developing the
FSM method, but they were aware of our work and requested a copy of the protocol to apply
it in several projects. A total of three practitioners applied the FSM method’s protocol step
by step. Their progress was followed both online and through face-to-face meetings, and
some general guidance was provided when needed. One of the projects was aborted, owing
to a change in management in the business unit, when the project sponsor was promoted
before the project was completed. The two other projects resulted in FSMs that were
validated by teams from the respective firms as fair representations of the supply chain

strategies in question. Both FSMs were then used as starting points for the evaluation of the
supply chain strategies of these two business units.
On the protocol, one of the practitioners commented: “The method is well defined, clear
and easy to follow,” and reported that the supply chain director of the target business unit
remarked that the partial maps managed to “capture in a clear form concepts that we are not
capable of explaining inside the company.” This director described the maps as “a useful
tool to communicate across areas,” and expressed surprise that “through such simple
interviews it was possible to capture in a clear manner what the organization does and how
it is done.”
Project by graduate students in the USA
Another application of the FSM method was a master’s thesis project advised by the first
author and conducted by a team of two graduate students, Hung and Pierce (2011,
pp. 47-50), regarding the supply chain strategy that an aerospace company used at the time
for a specific project. The students were given the FSM protocol and some general guidance
on the approach, but were afforded wide latitude in its implementation. The students
decided on their own to expedite some of the steps in the protocol so that they would require
less time, at the expense of some granularity. The resulting FSM was validated by the target
business unit as representative of the supply chain strategy in question. In their conclusions,
Hung and Pierce (2011, pp. 40-41) stated that the FSM method is “applicable to the aerospace
industry;” it allowed them to “elicit the tacit supply chain strategy” of the project they were
analyzing, which enabled them to “evaluate and diagnose how well the current supply chain
strategy […] fits with the project’s documented business strategy.”
Projects by Barros et al. (2013) in Portugal
An academic researcher in Portugal, not involved with developing the FSM method but
aware of it, applied the approach in her research. She neither requested nor received any
significant guidance on the approach, beside a few cursory clarifications. Owing to time
constraints, she also decided to adapt the protocol to speed up the process of creating the
maps. She successfully completed four FSMs for as many case studies, which were
validated by the target firms and published in Barros (2011, p. 37) and Barros et al. (2013,
pp. 1063-1064). Barros et al. (2013) chose the FSM method for their research “because it
captures practices that express the implemented supply chain strategy and allows an easy
verification of the alignment between these practices and the firm’s overall strategy.”
The abbreviation of certain steps in the protocol in cases of Barros et al. (2013) and Hung
and Pierce (2011) means that it cannot be claimed that these projects validate the exact
protocol presented in Appendix 1. Yet the fact that these five projects completed FSMs that
were then validated by the target companies as representative of their respective supply
chain strategies is an evidence in favor of the applicability of the present framework to
represent the supply chain strategy of a business unit.
Project by graduate students in Peru
Four teams of graduate students based in Peru, with a total of 12 students, applied
the FSM method to capture the supply chain strategies of four different companies,
as part of larger projects, under the supervision of a common academic advisor not
involved in the development of the FSM method. All four projects were completed
successfully, and are documented in Guardia et al. (2018), Lopez et al. (2018), Sakihara et al.
(2018) and Coba et al. (2018).
After the projects were completed, the teams were asked for critical feedback on the FSM
method and its application. One team pointed out that, because the method is eminently
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qualitative, it may lend itself to subjectivity. Another team pointed out that when there are
too many concepts, or when the concepts are described using too many words, the resulting
maps can be complex and dense, which makes it hard to assimilate the strategy being
represented. A third team mentioned that the method seems flexible enough to be applicable
to other departments of the company, beyond supply chain and logistics. The fourth team
pointed out that the methodology relies heavily on interactions with people. Expanding
upon the implications of this last piece of feedback, the academic advisor of the four projects
mentioned that when the companies themselves lack a proper self-knowledge of their
activities and policies, it takes more work to elicit their supply chain strategy. He also
highlighted the importance of trust in the application of the FSM method: since the method
relies heavily on interactions with people from the company, a lack of trust from them—
which he attributed to local culture—resulted in little cooperation in the implementation of
the FSM method in one of the projects, slowing it down considerably, and presumably
affecting the depth of their research.
Project by graduate students in Uruguay
A team of four students based in Uruguay applied the FSM method as part of a larger
supply chain strategy reformulation effort following the CSAR framework. Their project
was not a strict application of the FSM method, in that—pressed by the company—the
students acquiesced to capture the desired supply chain strategy of the company (instead of
the current one), and the resulting FSM combined both actual and aspirational elements.
Despite this, there is an important lesson from their experience that applies to the regular
application of the FSM method.
The team discovered that, in this company, middle managers were not always fully
briefed by the top managers about the strategic reasons behind certain activities. As a result
of this, during the interviews, many middle managers had to guess when asked about the
goals pursued by some activities. The team reported that, because of the inconsistent views
they obtained in the interviews, assembling a coherent FSM was very challenging, “like
trying to put together a puzzle where the pieces do not quite fit.” Part of this inconsistency
could be attributed to the inclusion of aspirational elements, but—in the student’s opinion—
the fact that top management had deliberately kept some elements of the overall strategy
from the middle management was also a contributing factor.
This experience suggests that the application of the FSM method will take more time and
effort in companies where the middle managers are not sufficiently informed by top
managers about the strategic goals guiding their activities. Arguably, in these instances, the
potential benefits of building a FSM, in terms of self-learning and opportunity for
improvement, are also greater. The students later received guidance from the first author of
this paper, and were able to complete the project satisfactorily (Castro et al., 2018).
Another interesting aspect of this last project is that it captured the supply
chain strategy of the whole company, spanning across multiple business units.
Admittedly, the target company was an SME of a modest size. However, the fact that the
FSM successfully captured its whole supply chain strategy, encompassing several
business units, indicates that the FSM may be applicable to whole companies—as long as
they are relatively small.
6. Comparison with extant literature
An “essential feature of theory building is the comparison of the emergent concepts, theory,
or hypotheses with the extant literature” (Eisenhardt, 1989). In this section, we compare the
present approach and the general ideas behind the steps of the FSM method with the extant
literature, both within supply chain strategy and from other areas.

Hierarchical nature of strategies
The FSM method aligns with the view of a functional strategy—such as an operations or
supply chain strategy—as having the primary goal of supporting the business strategy
(Garvin, 1992; Skinner, 1969). By moving from the Core toward the Policies and Choices and
beyond, a functional strategy map can be used to describe how the objectives of a business
strategy are achieved by the supply chain functions. However, the map can also be used in
the reverse direction, to describe whether, and how, the supply chain practices support the
business strategy. The hierarchical nature of the working framework shown in Figure 1 is in
line with the proposition from Narasimhan et al. (2008) that supply chain strategy “could be
viewed as part of a hierarchical chain of strategies” and as a “cascading strategy” that
“serves to integrate the supply chain processes with the overall direction of the enterprise.”
Supply chain organization design
The FSM method can also contribute to the research in organization design, which is
described as the problem of creating “mechanisms that permit coordinated action across
large numbers of interdependent roles” (Galbraith, 1974). Functional strategy maps can be
used as the basis for evaluating the degree of coordination among various supply chain
activities and with the business strategy. By linking business strategy to supply chain
choices (and the resulting capabilities) and enabling assessment of coordination among
different supply chain activities, functional strategy maps resemble the conceptual model of
supply chain process integration (Chen et al., 2009). Such use of functional strategy maps,
depicting the logistics activities of one business unit or of supply chain partners in a
channel, for assessing performance implications of supply chain strategy can aid empirical
studies in the SSPP paradigm in the strategic supply chain management literature (Chow
et al., 1995; Daugherty et al., 1998; Defee and Stank, 2005; Nakano and Akikawa, 2014; Patel
et al., 2013; Rodrigues et al., 2004). More specifically, the functional strategy maps can be
used as more detailed and less subjective measurement devices to assess the degree of
integration among various supply chain processes, for evaluating its association with
supply chain performance.
Activities as the essence of strategy
The evolutionary perspective on strategy considers the routine activities as the primary
building blocks of an organization (Nelson and Winter, 1982). The idea that a firm’s strategy
can be found in its decisions and activities is well rooted in the literature (Mintzberg, 1978;
Andrews, 1987; Porter, 1996), and has been extrapolated to supply chain strategy literature
(Narasimhan et al., 2008; Brun and Castelli, 2008). These ideas have also seen an increasing
interest among management scholars, who study them under the aegis of a strategy
subfield known as strategy as practice ( Jarzabkowski, 2005; Johnson, 2007; Golsorkhi et al.,
2010). This literature provides scholarly foundation for Steps 3 through 7 of the FSM
method, since these steps seek to reveal a business unit’s executed strategy based on an
analysis of its supply chain activities. The proposed FSM method itself can be seen as a
“strategy tool-in-use,” whose success could be evaluated not just by the performance
outcome, but also by process outcomes such as “settlement on a decision, satisfaction with
the outcome, contestation in the process” and so on ( Jarzabkowski and Kaplan, 2015).
Tapping into tacit knowledge
Tacit knowledge is a prominent concept in the organizational literature (Baumard, 1999;
Harrison, 2004; Tsoukas, 2004). Nonaka (1994), a foundational figure in popularizing the
idea of tacit knowledge, stated that it involves both cognitive and technical elements: among
the cognitive elements are the individual’s images of reality; and among the technical
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elements is the concrete know-how of certain processes. Actual practices, it is claimed, “can
diverge greatly from official descriptions of these practices. […] Nonetheless, through
careful investigation, managers can often find gaps between official mandates […] and the
actual practices” (Harrison, 2004, p. 92 emphasis added). While some authors (Baumard,
1999, p. 98) advocated “a long immersion in the organization being studied” of over half a
year as the method of choice for investigating tacit knowledge, others (Harrison, 2004, p. 93)
argued that “intensive interviews” are an equally valid means to access “the richest data on
emergent practices.” These interviews, to be useful, should be focused on specific activities:
“Open or semi-structured interviews elicit the most useful and valid data when respondents
provide explicit descriptions of how they act in a range of work situations, rather than
giving generalizations or expressing attitudes” (Harrison, 2004, p. 93). This prescription for
asking individuals about specific activities, as opposed to generalizations, in order to tap
into the tacit knowledge of an organization, provides support to Step 2 of the FSM method.
Conceptualization and crystallization
Nonaka (1994) also defined four modes of knowledge conversion, two of which go
across the tacit–explicit divide: the conversion of explicit knowledge into tacit knowledge is
called “internalization,” while the conversion of tacit knowledge into explicit knowledge
is called “externalization.” The latter is of particular importance, since, according to Nonaka,
the “articulation of tacit perspectives” is “a key factor in the creation of new knowledge,” by
means of which “concepts become transferable.”
As extensions to the ideas of externalization and internalization, Nonaka presented the
ideas of “conceptualization” and “crystallization.” In conceptualization, “tacit ‘field-specific’
perspectives are converted into explicit concepts that can be shared beyond the boundary of
the team.” In crystallization, the knowledge created by the team is “crystallized into some
concrete ‘form,’ ” such as a concept or system. Through crystallization, “various
departments within the organization test the reality and applicability” of the concept or
system created by a team. This is facilitated by “encouraging experimentation” and “usually
leads to refinement of the concept” (Nonaka, 1994).
The FSM method includes steps to facilitate both conceptualization and crystallization of
knowledge regarding the supply chain strategy. Steps 2 through 7 deal with
conceptualization, namely making the supply chain strategy explicit, as it is executed in
the activities of the firm, whereas Step 10 provides a first step toward crystallization.
FSM and the techniques–tools matrix
Although it is not its main purpose, a FSM can be used as a starting point to build the
techniques–tools matrix proposed by Cigolini et al. (2004). To build a techniques–tools
matrix based on the Principles and Imperatives of a FSM, for example, the Principles from
the FSM are arranged as row headers of the matrix, and the Imperatives are arranged as
column headers. For every instance where the team of experts agrees that an Imperative
provides support to a Principle, a check mark is added to the matrix. A substantial
difference between the matrix that results from this process and the one shown in Cigolini
et al. (2004) is that our variant is not limited to concepts at the interface between firms, or to
concepts chosen from a catalog.
Similarities with the SCDD of Schnetzler et al. (2007)
Finally, it is interesting to compare the FSM, which is mostly built from the ground up and
based on knowledge of specific activities of the firm, with the graphical depiction of a
“decomposed” supply chain strategy developed from the top down using the supply chain
design decomposition (SCDD) approach proposed by Schnetzler et al. (2007). Both share a

tree-like structure, but the SCDD uses fixed, predetermined categories for the “branches,”
whereas the FSM method allows these categories to emerge from the data collected in the
interviews. Also, whereas the FSM is a factual representation of a current supply chain, the
SCDD presents a desired supply chain strategy.
7. Further discussion
Learning curve of the FSM method
Our experience teaching the FSM method to graduate students and executives suggests that
learning to build an FSM in principle takes a relatively short time. For example, students in
a graduate level course taught at the USA on the subject of supply chain strategy were
assigned the task of building an FSM as homework after attending a one-hour lecture on the
subject. They were provided with a summary of the FSM method and were given a data-rich
description of the strategic activities of a firm. The students worked in groups of three and
were given one week to complete the assignment. Out of a total of eight groups, seven
completed the task without any guidance from the class instructors, while one group
required a one-hour clarification session in order to complete it. Another example comes
from a seminar taught in Latin America to students in a graduate certificate program on
supply chain management. The students were given three hours of instruction on the FSM
method. This time, the assignment was more ambitious: students were instructed to select a
firm, either from a list of preselected case studies or from their own work experience, and to
build an FSM for it. The students were given the protocol of the FSM method and two weeks
to complete the task. Nine students worked in groups of three each, while two students
formed a group on their own and one student worked individually. Of the delivered
assignments, three dealt with firms from case studies, while the other three were firms
outside of the list of cases, chosen by the students. All groups completed the FSM
satisfactorily without any guidance from the instructors.
These experiences in the classroom suggest it is relatively easy to learn how to prepare a
simple FSM using predigested data. Learning to elicit concepts from scratch through
interviews in the field, however, requires a different set of skills and can be difficult for
individuals without field work experience. Our observations of the experience of third
parties that have applied the FSM method real projects suggest that developing confidence
in the application of the FSM method in the field may take more time and practice
for individuals that are not familiar with qualitative methods such as interviewing,
qualitative data analysis and group facilitation. These individuals will, therefore, face a
steeper learning curve.
Limitations of the FSM method
Experience with the FSM method, both first-hand and by third-parties, suggests some
instances where, in its current form, it faces particular challenges and limitations.
A first challenge is how to deal with the tensions that exist around areas of unresolved
conflict within the organization, whose effects can be felt in the discourse of respondents:
different members of the organization may have very different and strong views about these
areas, views that are not easy to reconcile and to conceptualize in a form that can be
accepted as a factual statement by the whole group.
Although its application in these instances is likely to require extra time and effort, it has
been suggested that the FSM method could be a very powerful way to capture the different
sides of these conflicts and may serve as a catalyst for leaders to address them, creating
better strategic alignment. In other words, the potential conflicts identified and articulated
through the FSM method can then be addressed by organizational leaders through
constructive discussion with their team.

Supply chain
strategy

1417

IJLM
29,4

1418

A second challenge, related in its nature to the first, is how to capture in the FSM the
activities of an organization that are undergoing a significant and rapid transformation. A
firm that has already launched important changes to its activities, changes whose
deployment has not yet been completed, will also reflect in its tacit knowledge a similar
tension: some members of the organization may resist depicting it as an accomplished
change, while others may resist depicting it as an unfinished change.
A third limitation is that the FSM method may not be well suited for eliciting into a single
map the whole supply chain strategy of large, multi-business corporations. This limitation
has become apparent both through direct experience and through reports from one of the
Colombian third parties that applied the method. A potential approach for eliciting and
representing the supply chain strategies of a large multi-business corporation may be: to
develop a separate FSM for each business unit, to identify what supply chain functions and
activities for different business are performed together through a centralized function and to
assess the benefit of centralizing some supply chain activities against leaving them
decentralized to the discretion of each business unit. Overall, this is a potentially promising
area for future research.
A fourth limitation is that—to be effective—the FSM method depends heavily on people
from the target organization, their willingness to engage and cooperate and their knowledge
about the business unit’s activities and goals. As indicated by some third parties that
conducted projects in Peru and Uruguay, it may be harder to build a FSM when: companies
lack a proper self-knowledge of their activities and policies, middle managers are not well
informed by top management about the strategic rationale for activities or the members of
the company are reticent participants that distrust the exercise or those conducting it.
Similarly, it is harder for a person without experience in qualitative techniques (such as
interviewing, qualitative data analysis, and group facilitation) to successfully deploy the
FSM method in the field, since it is quintessentially a qualitative method.
Areas for further research
The FSM method, presented in this study, opens several areas for scholarly research of both
theoretical and practical interest. We describe seven potential areas below:
(1) An obvious area for scholarly inquiry is to assess the effectiveness of the FSM
method as an organizational knowledge-creation process (Nonaka, 1994), used albeit
to create or enhance self-knowledge about the business unit’s supply chain strategy,
as practiced. The FSM method can be seen as a means for knowledge
“externalization” (Nonaka, 1994) as it translates the tacit knowledge of supply
chain activities into an explicit functional strategy map. One can then assess the
benefit of externalizing the supply chain strategy into a functional strategy map.
(2) The FSM method involves collecting individual descriptions of supply chain activities
and synthesizing them to build a comprehensive picture of the business unit’s supply
chain strategy, as practiced, through panel discussions. This process of contestation is
one of the potential “critical indicator of success” of FSM as a “strategy tool in use”
( Jarzabkowski and Kaplan, 2015). An observational study of the FSM method in use
can provide insights into how contestation in the FSM method in particular, and
strategy tools in general, shapes the outcome of the process.
(3) As discussed earlier, the functional strategy maps could be used to measure the
degree of integration among supply chain processes (Chen et al., 2009) in the
empirical studies of the SSPP in the supply chain literature (e.g. Chow et al., 1995;
Nakano and Akikawa, 2014). A potentially promising direction for advancing
research in the present study is to evaluate such use of functional strategy maps and

to refine the FSM method as a measurement tool for the empirical inquiry of this
important scholarly domain of the supply chain management literature.
(4) A comparison of FSM with other methods for eliciting and representing supply
chain strategy, such as the ones reviewed in this study, could shed light on the
relative strengths and weaknesses of each method. This can guide practitioners in
choosing the most appropriate method for a given application.
(5) As the FSM method is applied to new projects, further refinements could be made to
overcome some of the limitations identified above. One major limitation of the
current version of the FSM method that seems to present a promising avenue for
future research is to develop an extension of the method for eliciting and
representing supply chain strategy of a multi-business corporation. As discussed in
the previous section, this may require mapping the supply chain activities of
multiple business units performed together through a centralized function and
describing how the centralized activities relate to the business strategy of an
individual business unit.
(6) The applicability of the FSM method to areas beyond supply chain management
seems very promising, but is still largely unexplored. A supply chain strategy is a
particular selection of functional strategies that addresses a particular problem.
Whether the FSM method will be equally useful for other groups of functional
strategies—unrelated to the supply chain—remains to be seen. However, since the
theoretical basis of the FSM method, i.e., the CSAR framework (Perez-Franco et al.,
2016), is not specific to supply chain management, we anticipate that the method
could be applied to other realms within management and strategy, especially at the
level of functions.
(7) Finally, the performance of a supply chain strategy is influenced not only by its fit
with the business strategy but also by its compatibility with the external
environment. The present version of the FSM method maps the strategic
relationship between supply chain activities and the business strategy, but not with
its business environment. Further research is needed to assess whether the external
environment of the business unit and the supply chain can and should be
represented, too.

8. Conclusion
In summary, the primary contribution of this study is the FSM Method, which is an
approach to elicit and represent the “as is” supply chain strategy of a business unit. It has
been shown here that there are multiple ways in which the FSM method ties back to the
literature (Eisenhardt, 1989).
By allowing practitioners to reveal and express the supply chain strategy of a business
unit in clear and realistic terms, the FSM method could encourage and facilitate the
discussion of a firm’s supply chain strategy in a grounded and meaningful manner.
The FSM method has been applied in at least 14 CMR projects, most of them with very
little involvement of the authors of this study. The resulting FSMs have been deemed by the
respective business units as fair representations of their supply chain strategies.
Furthermore, in about half of these projects, the FSMs served as starting points to
conduct evaluation exercises that yielded important insights about these firms’ supply chain
strategies. Such insights were described by the heads of supply chain in some of these firms
as both accurate and revealing, lending further weight to the validity of the FSM as a
grounded depiction of a business unit’s supply chain strategy.
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In its current form, the FSM method is not without limitations. A successful application
of the method relies on the qualitative skill of the person applying it, and the knowledge and
collaboration of the members of the target company. Additionally, a single FSM does not
lend itself well to representing the whole supply chain strategy of large multi-business
corporations, or of a business unit undergoing dramatic transformation. It also does not
explicitly relate a supply chain strategy to external factors in the business environment.
These limitations could encourage further research.
Finally, we hope that firms will find the self-knowledge they derive from creating an
FSM to be beneficial both as a device to communicate their supply chain strategy and as a
meaningful starting point for their efforts to improve it.
Notes
1. In the present paper, the term supply chain is understood in its current sense (Mentzer et al., 2001;
Carter et al., 2015), namely, as a group of entities directly involved in the flows of products,
services, finances and information from a source to a customer.
2. The sole purpose of the working framework in Figure 1 is to provide a simple underlying structure
to represent the supply chain strategy of a business unit. The basic relationships between its
layers, as shown in Figure 2, are descriptive of what we observed. They are not meant to be
normative or exhaustive. More sophisticated relationships may exist in some companies, i.e. a
company could use the knowledge of its supply chain capabilities to inform the elaboration of the
overall business strategy.
3. Appendices 1 and 2 are available at: http://perez-franco.com/fsm/protocol.pdf
4. Zara’s FSM is available at: http://perez-franco.com/fsm/zara.pdf
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Abstract
Purpose – Field trips can change students’ attitudes and improve their learning performance, but they have
rarely been investigated in logistics education research. The purpose of this paper is to present the findings
from field trips that were designed to increase students’ knowledge of sustainable transport as well as to
change their attitudes and behavioral intentions.
Design/methodology/approach – A total of 104 logistics students participated in this longitudinal panel
study. Non-parametric statistical tests were used to test for significant effects.
Findings – Field trips build students’ knowledge, improve their attitudes and increase their behavioral
intentions to use sustainable transport modes in the short and in the long term. Gains in knowledge exceed the
results expected from traditional learning theories. Gender and school type are important moderating variables.
Gender did not play an important role for knowledge gains, but for attitude and behavioral intentions.
Research limitations/implications – More research is needed to generalize the findings to other
populations and longitudinal panel studies are necessary to investigate a long-term effect of field trips.
Practical implications – Field trips are an effective means for successful knowledge transfer and are
suitable to trigger attitudinal and behavioral changes. The involvement of practitioners and the hands-on
experience ensure that students combine theoretical with practical knowledge.
Originality/value – This is the first longitudinal panel study that investigates the effects of logistics field
trips, which were developed collaboratively by industry, educational and research institutions.
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Introduction
Alarmed by the climate crisis as well as other negative environmental and societal impacts
of industrialization on sustainability (Wagner, 2015), policy makers and people from various
areas around the world exert substantial pressure on firms to adopt more sustainable
business practices. Managers need to be equipped with the capabilities and knowledge to
act toward those sustainable business practices. Thus, integrating sustainability in
education has become an increasingly important goal during the last two decades (Lozano
et al., 2015). Sustainable transport, which is an important part of supply chain management
(SCM), represents one subtopic of sustainability that future managers should be aware of.
Modern supply chains (SCs) are complex value networks that pose an ever-increasing
This research study is part of the research field ‘sustainable transport systems,’ which was funded by
the State of Upper Austria as part of the research program ‘FTI Struktur Land Oberösterreich’.

challenge for logistics and SC professionals. It is therefore crucial that logistics students at
all levels understand their economic and environmental importance. Furthermore, it is
important to motivate skilled students to consider logistics as a possible future career path
(Gardner, 2013). They need to be equipped with the skills and knowledge to cope with the
manifold demands of the labor market. But reality tells a different story: the gaps between
stakeholders’ needs and education providers’ offerings, as well as between academic and
practitioner perceptions, are growing (Fawcett and Rutner, 2014). Empirical data from the
USA indicates that a mismatch exists between the SCM talent pool, transport requirements
from the industry and the knowledge/skill training provided by business schools (Sinha
et al., 2016; Ozment and Keller, 2011). In a recent publication, Trautrims et al. (2016, p. 887)
even lament that “[…] education has lagged behind […] in preparing students for their
chosen careers in a method of work necessary in today’s supply chain environment.” Thus,
the question arises as to how awareness of the importance of sustainable transport as part
of logistics and SCM can be raised amongst students and how educational institutions can
efficiently impart knowledge about the importance of sustainable SCM practices.
In this paper the application of field trips is proposed to achieve a change in individuals’
attitudes and behavioral intentions toward sustainable transport by enhancing their
knowledge. Field trips are excursions that allow students to gain firsthand experience away
from the classroom (Krepel and DuVall, 1981; Friess et al., 2016), which can be considered as a
tool to provide real-life problems for students and to establish the link between industry and
education (Taylor, 2017; Bak and Boulocher‐Passet, 2013). Previous literature has highlighted
the manifold benefits of field trips, but studies in the logistics sector are scarce, as are rigorous
measurements of the benefits which arise from such trips. Already in 2007, Bergin et al. (2007,
p. 193) commented that “much has been written on this topic, though relatively little of this
literature on field trips included quantitative research.” As will be shown in the subsequent
sections, this gap still exists and only few quantitative studies have been conducted in the
meantime in business-related contexts. Furthermore, existing field trip studies in other
academic communities have been tailored to the specific needs of the respective target groups,
such that the results are not necessarily transferable to the SCM/logistics community. Only
Four studies report on field trips in the SCM/logistics field (Brymer and Newman, 2016;
Xu et al., 2012; Gardner et al., 2009/Gardner, 2013), but none of them specifically addresses the
topic of sustainable transport. Additionally, there is a dearth of literature which rigorously
investigates the long-term effects of field trips by applying longitudinal measurement.
This study intends to close this gap and reports the findings from field trips in which
students actively participated in an excursion that included representatives from the industry
and involved a simulation game. Students’ knowledge gains from the trips were assessed with
measurements taken before, directly after, and two weeks after the field trip, while their
attitudes and behavioral intentions toward sustainable transport alternatives were also
measured. Following the recommendations from Gravier and Farris (2008), a longitudinal
panel study was used to assess the efficacy of field trips. The goal of this paper is to
investigate the impact of field trips that were explicitly designed to increase students’
knowledge as well as their attitudes and behavioral intentions toward sustainable transport.
Sustainable transport is deemed important as the transport sector is responsible for around a
quarter of greenhouse gas (GHG) emissions in Europe and a reduction of the GHG emission is
deemed necessary for sustainable development into the future (Intergovernmental Panel on
Climate Change, 2015). The detailed description of the workshops should inspire educators to
also consider field trips for sustainable transport in their study programs or schools.
Sustainable transport is an applied management field that emerged in the past decade
and has gained growing attention (Bontekoning et al., 2004). However, the efficacy of
traditional teaching techniques has been questioned for applied subjects (Brandon-Jones
et al., 2012) such as sustainable transport (Bontekoning et al., 2004). Thus, the use of field
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trips as an alternative technique to teach sustainable transport is investigated. Sustainable
transport education can be considered as a specific type of SCM and logistics education
(see Figure 1). SCM education deals with integration of functional areas and different tiers,
which elicits a vast set of topics to cover, including manufacturing, marketing or logistics
( Johnson and Pyke, 2000). Logistics education in turn deals with “that part of the supply
chain process that plans, implements, and controls the efficient, effective flow and storage of
goods, services, and related information from the point-of-origin to the point-ofconsumption” (Lambert and Cooper, 2000, p. 67). Lozano et al. (2017) claim that a switch
to alternative instead of traditional methods will improve education for sustainable
development. They also state that further research about educational and pedagogical
approaches pertaining to sustainable development is needed for a future worth living
(Lozano et al., 2017).
Wu (2007) states that it is inappropriate and almost infeasible to distinguish between
logistics-oriented and SCM-oriented education and considers them to be a unity. The
particular focus of this paper is on sustainable transport education, which represents a
sub-area of SCM and logistics education. Sustainable transport is concerned with limiting
the depletion of resources that are consumed by the transport sector (Goldman and Gorham,
2006). The two main exhaustible resources that are used by transport are oil and land
(Greene and Wegener, 1997). There actually exist different suggestions to reduce the
depletion of resources. Among them, a modal shift toward environmentally friendly
transport modes is of high political importance (European Commission, 2011). It is the aim of
sustainable transport education to teach about such strategies and their implications.
This paper is organized as follows: first, existing literature on field trips is summarized
and examples from different research communities are discussed. Next, a framework is
presented in which the goals of sustainable logistics education are outlined. Then the main
hypotheses are derived and the research design of this study is described, followed by the
results, an in-depth discussion of the findings and implications for academics and managers.
The paper concludes with some limitations and suggestions for further research.
Effectiveness of field trips: findings from the literature
A literature review was conducted to identify academic papers discussing field trips.
Initially, a list of search terms was developed which included brainstorming and discussions
within the research team (Tranfield et al., 2003). The strategy of finding synonyms was
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applied to elicit further information (Cronin et al., 2008). The final list included the
search terms “field trips,” “excursion,” “expedition,” “school trip,” “company visit,” “site
trip,” “on-site learning” and “field experience.” In order to refine the search, these terms
were combined with the terms “education*,” “learn*” and “teach*” to get search results that
are relevant for the educational sector. Boolean connectors were used for that purpose
(Datta, 2017). Additionally, the list of search terms was linked with “supply chain
management/SCM,” “logistics” and “transport” to reduce the risk of missing any papers
from this research area. One important goal of this literature review was to capture a
snapshot of the diversity of scientific fields that have already applied field trips. Thus, we
chose the databases EBSCO Business Source Premier, Google Scholar and Science Direct
due to their broad coverage of journals from multiple scientific fields. Furthermore, we made
sure that we covered the main SCM and logistics journals.
Krepel and DuVall (1981) described field trips as school excursions or study tours with
an educational purpose, in which the students leave the classroom to gain experiential
knowledge. By doing so they get the opportunity to observe and investigate subjects of
interests in their real environment. Field trips have a long tradition in the history of
education, which underlines their relevance as valuable teaching instruments (Tal and
Morag, 2009). Field trips are considered as experiential learning (Higgins et al., 2012; Green
and Farazmand, 2012). This type of learning increases students’ interest, knowledge and
motivation (Behrendt and Franklin, 2014; Paxton, 2015). The practical aspects of field trips
can enrich teaching activities with on-site learning experiences. Instructors, however, may
lack the experience and pedagogical knowledge needed for the planning and preparation of
a field trip (Tal and Morag, 2009), since the training of teachers rarely focuses on educational
activities outside the classroom (Ferry, 1993; Anderson et al., 2006; Behrendt and Franklin,
2014). Therefore, the involvement of industry practitioners during the process of designing
field trips is advisable in many cases. Furthermore, this approach yields the additional
benefit of being able to directly take into account various requirements from the industry
(Goffin, 1998; Bak and Boulocher‐Passet, 2013). Field trips motivate students to tackle
real-world problems and to gather and analyze the data needed to solve them (Falk and
Dierking, 1997). Goodell and Kraft (1991) underlined that students begin to understand the
relevance of theoretical teaching content when they step out of the classroom and get
practical insights. One major benefit of field trips is that they allow a group of students to
gain a shared experience. The instructor is able to join this experience and make
contributions, particularly by establishing the connection between the field trip and
theoretical in-class lessons. Paxton (2015) compared different types of experiential learning,
including volunteer internships and field trips, and found that the students participating in
this study rated field trips as being most beneficial for their learning outcomes. Field trips
have been recognized as an effective teaching instrument for several decades, and they have
consequently been applied in numerous fields (Orion, 1993). Table I lists studies from
different academic communities that have successfully applied field trips, showing the
particular research community, setting, findings and source. Additionally, the goals of
the respective field trip were investigated. Knowledge (K) includes increases in performance
capacity or any other kind of desired skill, attitude (A) refers to attitudinal changes and
intention (I) stands for the willingness to execute a future behavior.
Most of these studies stem from natural sciences such as geoscience, chemistry or
physics, but successful applications in social science fields as diverse as educational
research, information systems, law and even theology illustrate the wide applicability of the
concept. While these studies differ widely in their respective research settings and goals, the
findings provide a positive assessment of the overall usefulness of field trips. Students who
attended trips to a laboratory report that “a field trip is an invaluable addition to the
learning experience” (Malbrecht et al., 2016, p. 1674). Similarly, LoPresti et al. (2010), who
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Table I.
Field trips findings

Community

Field trip setting

Chemistry
Laboratories
Electrical
Local industries
Engineering
Geomorphology Wildlife management
area, town recreation area
Geology
Route from foothills to
mountains
Geoscience
River bank
Information
IT expo
systems
Law
Legal establishments such
as supreme court
Logistics
Maritime organizations
Physics
SCM

Industrial facility
Brewing industry

SCM

Distribution center

Theology

Church

Findings

Goal Source

Enhanced learning experience
Engaging experience for
students
Increased awareness

K, A Malbrecht et al. (2016)
K, I LoPresti et al. (2010)

Determinants of educational
effectiveness
Knowledge gains
Antecedents of user satisfaction
and continuance intention
Contextualizing theory,
improved personal skills
Research skills, intangible
personal effects
Curriculum enrichment
Firm grasp of industry,
insightful reflections
Considerable learning and high
level of enthusiasm
Improved learning outcome

K

K, A Davis (2002)

K
K, I
K

Orion and Hofstein
(1994)
Esteves et al. (2015)
Kaewkitipong et al.
(2016)
Higgins et al. (2012)

K, A Xu et al. (2012)
K
Heiskanen (1987)
K, A Brymer and Newman
(2016)
K, A Gardner et al. (2009),
Gardner (2013)
K
Riegel and
Kindermann (2016)

visited an active engineering site with participants of an Electrical Engineering Summer
Academy, used those trips to show their students the multidisciplinary nature of
engineering projects, the business side of engineering and the overall responsibilities of
engineers. In the earth sciences, it does not come much as a surprise that field trips play an
important role. Davis (2002) described how he has used field trips in various areas to
increase the enthusiasm of varying audiences for the field of geomorphology. Orion and
Hofstein (1994) closely investigated the factors that account for a successful field trip and
concluded that the structure, learning materials, teaching method, interaction with the
environment as well as the specific preparation play an important role in ensuring its
success. Positive results pertaining to students’ level of interest, focus and appreciation, as
well as knowledge gains, were also reported in a study from Esteves et al. (2015) who visited
five places with a vast geodiversity. A field trip to an IT expo for management information
systems students was chosen by Kaewkitipong et al. (2016) to test antecedents of
satisfaction and continuance intention. They especially focused on the adoption of social
media to enhance students’ field trip experience. Heiskanen (1987) suggested field trips of
industrial facilities, such as power production plants, to create an effective learning
experience. Riegel and Kindermann (2016) showed how field trips to the church affect
cognitive learning outcomes and, finally, Higgins et al. (2012) concluded that field trips
should be strategically incorporated into the (legal) education curriculum.
Given the diverse examples confirming the effectiveness of field trips for teaching
purposes and the prevailing view that such trips constitute a valuable educational tool
(Behrendt and Franklin, 2014; Bak and Boulocher‐Passet, 2013), it is surprising that a dearth
of related research exists in the general management sciences and specifically in the SCM and
logistics literature. Only three papers were found in the literature review which report on the
application of experiential learning in SCM. These are Gardner et al. (2009), Gardner (2013) and
Brymer and Newman (2016). Gardner et al. (2009) described the setup of an SC summer camp
for middle school students which also included a field trip to a distribution center. They found
considerable learning effects and high enthusiasm about the concepts that were taught during
the summer school. Gardner (2013) described a pilot program of SC workshops to inform

teachers about SCM that included field trips to distribution centers. The aim was to convince
teachers to include SCM into their curricula and influence students’ career choices toward
SCM. Of note, Brymer and Newman (2016) started a single-industry experiential class for their
SCM students where they visited a wide variety of firms in the US brewing industry. The
travel took 17 consecutive days in which they visited two companies on average per day.
The authors note that students obtained insightful reflections of the brewing industry that
are, compared to internships, not only limited to a single company, but comprehensive and
insightful. One paper stems from the logistics field and describes field trips to maritime
organizations and institutions. The authors demonstrated how they used a field trip setting to
develop the research skills of their maritime business students (Xu et al., 2012).
Field trips have been shown to generate positive long-term effects on ecological and
environmental knowledge and attitude development (Farmer et al., 2007), which implies that
they may also be effective tools to inform and teach logistics students about environmental
problems and sustainable transport. Lutz and Birou (2013) suggested that the topic of
sustainability be included in order to ensure that students gain up-to-date knowledge and
become well prepared for the workforce. Logistics literature emphasizes the need for increased
cooperation between education and industry, from which both partners will benefit (Ozment
and Keller, 2011; van Hoek, 2001). Logistics and SCM education has to ensure market
relevance, the development of professional skills (van Hoek, 2001) and the applicability of the
mental know-how imparted by instructors (Myers et al., 2004). Frequently, traditional learning
approaches do not focus on soft skills such as oral communication skills, group work,
motivation or listening skills (Lutz and Birou, 2013; Myers et al., 2004). Field trips allow
insights into practical problems and thus provide a “bridge to business for the students who
must transition from a traditional academic setting to a field setting upon graduation”
(Gorman, 2010, p. 432). Field trips also enhance students’ social skills (e.g. through meetings
with potential employers or group work), which in turn fosters their communication abilities.
These qualifications were found to be of high importance for SCM practitioners
(Gammelgaard and Larson, 2001). Felder and Henriques (1995) found evidence that
technical and social skills can be learned more effectively via field trips than in regular
classroom settings. Additionally, collaborations with industrial partners have been shown to
be effective and efficient not only regarding the organization of the field trips, but also for the
establishment of networking opportunities (Malbrecht et al., 2016).
Despite the manifold benefits, time and budget constraints are the most critical obstacles
restricting the application of field trips (Hurst, 1998). Nowadays, many teachers fail to
acknowledge that the benefits of field trips are worth the efforts of organizing them
(Kaewkitipong et al., 2016). Indeed it can be challenging to control students in an outdoor
surrounding, in particular with large class sizes. Safety measures have to be taken to avoid
any risks, transportation has to be organized and parental consent has to be collected
(Barker et al., 2002). Due to these limitations, virtual field trips have gained considerable
attention as an effortless alternative to actual field trips (Çaliskan, 2011). Virtual field trips
are carried out by using computers to engage students either as observers/listeners/
watchers of pictures and films or as active participants within a digital program (Çaliskan,
2011). However, virtual field trips cannot convey the impressions of a real-life field trip
location. Computers and simulations only depict simplified versions of reality and there is
only a limited possibility to interact during a virtual field trip (Hurst, 1998). Thus, real-world
field trips cannot easily be replaced by virtual field trips.
Conceptual framework and hypotheses
In 2014, the transport sector was responsible for 23 percent of worldwide GHG
emissions (Intergovernmental Panel on Climate Change, 2015), while in the European Union,
19.8 percent of all GHG emissions were produced by the transport sector in 2015. A further
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increase in global trade alongside just-in-time deliveries or delocalization of production
sites will lead to higher transport volumes and even higher GHG emissions
(European Commission, 2015). Given the significant environmental impact of transport,
the education of students about sustainability and its implications has become a primary
goal for many educational institutions and organizations (Lozano, 2006; Lutz and Birou,
2013; Sinha et al., 2016).
Different goals of educational measures have been discussed in the literature, either
explicitly or implicitly. An increase in knowledge (i.e. learning performance) is key (Nadelson
and Jordan, 2012; Scribner-MacLean and Kennedy, 2007). In order words, it is highly desirable
that the subject matter is fully understood and retained by the students for as long as possible
after the educational event. Previous educational research has used so-called “forgetting
curves” to show the decline of memory retention over time (Ebbinghaus, 1913). Thus, they
present well-established benchmarks to measure whether a specific educational method is
capable of creating effective and efficient educational measures that improve overall
performance (Kisiel, 2006). Sustainability education has a strong normative component and
strives to cause changes in attitudes and behavioral intentions (Farmer et al., 2007; Behrendt
and Franklin, 2014). The former refers to a more passive stance, which is based on an
individual’s opinions and perceptions. The latter is the active behavior one means to perform
if given the opportunity to do so. In the case of future logistics managers and decision makers,
it is therefore crucial to investigate these two constructs separately.
The impact of field trips on knowledge, attitude and behavioral intention
Figure 2 visualizes the research framework. A positive impact of field trips is hypothesized
on students’ knowledge, attitudes and behavioral intentions. Furthermore, a moderating
impact of gender and school type is postulated, all of which will be discussed in more detail
in the following sections.
The classic work about learning and forgetting originates from Ebbinghaus (1913), a
German psychologist, who depicted in his forgetting curves the exponential loss of
information which occurs over time. All forgetting curves show the same pattern, which is
characterized by a continuous and decreasing loss of information which endures unless a
new learning experience occurs. His findings have been replicated and empirically validated
in different settings (Murre and Dros, 2015). Field trips have been used to engage students in
an interactive setting and to give them an opportunity to learn hands-on, which has been
shown to lead to better memorization (Kisiel, 2006; Scribner-MacLean and Kennedy, 2007;
Nadelson and Jordan, 2012). It is thus hypothesized that field trips improve students’[1]
performance in comparison to traditional teaching methods. Measurements were taken at
three points in time: immediately before (A1), immediately after (A2) and two weeks after
Gender
Knowledge
H1
Attitude

Field Trips
H2
H3
Figure 2.
Research hypotheses

School Type

Source: Own illustration

Behavioral
Intention

(A3) the field trip. It is noteworthy that in this paper “short term” refers to a time period of
about 20 min and is not to be confused with short-term memory, which is measured in the
order of seconds:
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H1a. Field trips lead to short-term knowledge gains (A1–A2).
H1b. Field trips lead to long-term knowledge gains (A1–A3).
The study of gender differences in cognitive functioning and knowledge gains has a long
tradition in academic research, with conflicting results. van Houtte (2004), for example,
showed that female students have a higher study-oriented learning culture than male
students, which positively influences their learning performance. Several studies suggest
that female students perform better in terms of knowledge gains than their male
counterparts (van Houtte, 2004; Kılıç and Sağlam, 2010; OECD, 2015). Gender predominance,
however, depends on subject matter: while males outperform females on tasks of
visuospatial ability and mathematical reasoning, females show better results in tests
involving memory and language use (Downing et al., 2008; Maccoby and Jacklin, 1974).
Legewie and DiPrete (2012) conclude that males are more sensitive to school resources that
create a learning-oriented environment, and that these resources could facilitate their
commitment in learning. Since there is no conclusive evidence of the moderating effect of
gender on knowledge gains, it is hypothesized that[2]:
H1c. There are no knowledge differences between female students and male students
in A1.
H1d. There are no knowledge differences between female students and male students
in A2.
H1e. There are no knowledge differences between female students and male students
in A3.
Previous research has found significant differences in students’ learning orientation by school
type. Students attending vocational schools achieve lower scores than students attending
other school types, which might be due to the learning environment (van Houtte, 2004; Kılıç
and Sağlam, 2010). Compared to upper school[3] students (i.e. schools in secondary education),
vocational students spend less time on theoretical learning and focus on advancing their
practical rather than their theoretical abilities. Furthermore, a self-selection process may also
play a role, since upper school students need better grades in order to enter those schools
compared to students in vocational schools (Çolak and Kaya, 2014):
H1f. Upper school students perform better than vocational students in A1.
H1g. Upper school students perform better than vocational students in A2.
H1h. Upper school students perform better than vocational students in A3.
Farmer et al. (2007) showed that students who directly participate in a field trip generate a
more positive attitude toward the subject. They tested for long-term effects and found that
one year after the experience, many students still possessed a more pro-environmental
attitude. Their findings were confirmed by Behrendt and Franklin (2014), who found that
active participation during a field trip led to a more positive attitude about the subject. Thus,
it is hypothesized that:
H2a. Field trips improve students’ attitude toward sustainable transport in the short
term (A1–A2).
H2b. Field trips improve students’ attitude toward sustainable transport in the long term
(A1–A3).

1431

IJLM
29,4

1432

Rigorous empirical SCM or logistics research that discusses the moderating effect of gender
and education in relationships involving attitudinal change is scarce. A moderating impact
of gender has been found in research areas as diverse as computing efficacy (Lee and
Huang, 2014), gambling (Teeters et al., 2015) and technology adoption (Riquelme and Rios,
2010), but the proposed models in these cases are significantly different from the study
design in this paper. Similarly, differences in school types and education have been shown
to have moderating effects in varying learning environments (Strolin-Goltzman et al., 2012),
but their findings cannot easily be transferred to the context of this study. Therefore an
exploratory stance is taken and it is hypothesized that:
H2c. There are no attitudinal differences between female and male students in A1.
H2d. There are no attitudinal differences between female and male students in A2.
H2e. There are no attitudinal differences between female and male students in A3.
H2f. There are no attitudinal differences between upper school and vocational school
students in A1.
H2g. There are no attitudinal differences between upper school and vocational school
students in A2.
H2h. There are no attitudinal differences between upper school and vocational school
students in A3.
Asking students about their intention to use sustainable transport in an abstract sense
represents a fictitious scenario (as opposed to attitudinal changes), since they are in no
position to make such decisions at that moment. The goal was therefore to create a situation
in which they should take the role of a decision maker and decide on an appropriate solution.
Given that many of the current logistics students will work as managers themselves and
will be in a position to make and influence strategic decisions, their behavioral intention
represents their future willingness to adopt sustainable transport solutions. Current
literature on field trips does not report any findings on their impact on behavioral intentions,
but in analogy to their positive impact on attitudes and actual behavior (Farmer et al., 2007;
Mitchell et al., 2015). It is hypothesized that:
H3a. Field trips increase students’ short-term intention to use sustainable transport
(A1–A2).
H3b. Field trips increase students’ long-term intention to use sustainable transport
(A1–A3).
Similar to the discussion of attitude above, no empirical SCM and logistics research
exists that discusses the moderating effects of gender and school types on relationships
with behavioral intention as the dependent variable. In the area of technology
acceptance, Kim (2016) did not find a moderating role of gender using an extended
technology acceptance model with behavioral intention as the dependent variable. Given
the lack of previous research in this area, an exploratory stance is taken and it is
hypothesized that:
H3c. There are no differences in behavioral intention between female and male students
in A1.
H3d. There are no differences in behavioral intention between female and male students
in A2.
H3e. There are no differences in behavioral intention between female and male students
in A3.

H3f. There are no differences in behavioral intention between school types in A1.
H3g. There are no differences in behavioral intention between school types in A2.
H3h. There are no differences in behavioral intention between school types in A3.

Methodology
Initially, a pilot study with a sample of 42 undergraduate students was conducted to test the
comprehensibility of the questionnaire and the feasibility of the research design
(see Figure 3). This study led to minor modifications in the scales being used and the
overall length of the questionnaire. Those 42 students are not included in the final sample
since they were biased by the first round of assessments. In order to obtain a high response
rate and to avoid panel attrition, the questionnaire had to be kept short. Since this project
was designed as a longitudinal panel study in which participants were required to fill out
the questionnaires three times in total, the assessments were compiled in a way such that
the students were able to complete them in less than 15 min. The questionnaire was
administered at three points in time (A1, A2, A3), with identical questions used to measure
students’ knowledge, attitudes and behavioral intentions before (A1), directly after (A2) and
two weeks after (A3) the field trip. Identical questions were chosen to ensure the
comparability of the answers between the assessments. In order to take into account
the “Hawthorne effect,” which postulates that individuals change their behavior in case they
are being observed (Adair, 1984), the workshop design for all study participants was
identical and as non-intrusive as possible. By doing so, this effect cancels out for the group
comparisons. Furthermore, the researchers played only a minor role during the workshops
and remained in the background most of the time. This research design resembled the
design of several previous knowledge studies to ensure the comparability of the results
(Camp et al., 2012; Halpern and Hakel, 2003). In order to avoid social desirability bias, which
is the tendency to fill out questions so that they are viewed favorably by others (King and
Bruner, 2000), a sophisticated anonymization procedure using a code was created that made
it impossible for the researchers as well as the instructors to personally identify any
participating individual. This was communicated to all study participants prior to the
workshops with the intention that they were able to freely express their personal opinions.
Another social interaction threat is diffusion of the treatment which occurs when the control
group (group without treatment) learns from the participants which received the treatment.
This effect can be minimized by isolating the control group from the treatment group
(Trochim et al., 2016). In this study, students in the treatment and the control group were
therefore physically separated in different classrooms.
The survey was conducted between October 2015 and January 2016 and included
students from vocational and upper schools in Austria. Austria has a high degree of
SCM implementation (Schramm and Goetjes, 2014) and high sustainability standards
(Shmelev and Rodríguez-Labajos, 2009). The research goal was to compare students at a
A2

Source: Own illustration
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secondary level of education who get a “theoretical” education to those who receive
on-the-job training.
An all-day field trip concept was developed to present and discuss sustainable transport,
giving the example of inland waterway transport. The target group consisted of logistics
students, most of whom sought a career in the logistics industry. In order to meet the
requirements from the industry (Gravier and Farris, 2008), four industry experts were asked
to participate in the development of the field trips. The trips took place at a port and
included company visits to provide students with practical insights. During the day,
industry representatives presented insights about their daily business and students had to
solve transport calculations and different tasks all pertaining to sustainable transport.
Academic literature has shown that practical examples foster students’ active involvement,
which in turn increases learning performance (Alvarstein and Johannesen, 2001). The main
topic of the field trip was the integration of sustainable transport modes such as rail and
inland waterway into the transport chain. Previous research indicates that logistics students
in general have a very low level of knowledge about inland waterway transport and
therefore the topic posed an ideal testing scenario to prove the efficacy of field trips
(Putz and Schauer, 2013).
A detailed outline of the field trip schedule is given in Table II. In order to minimize the
role of the instructor, which is an important covariate in many educational contexts but
might have an unintended confounding effect in this study, the workshops were fully
standardized with a focus on practical exercises rather than personal instruction.
Additionally, all workshops were held by the same instructor. After administering the first
questionnaire (A1) and a brief introduction to privacy issues and intended data analysis, a
“traditional” lecture on inland waterways was given. This lecture took around two hours
and included a presentation covering the main topics of sustainable transport with a special
focus on inland waterways. The presenter had several years of experience with inland
waterway transport and its connection with other transport modes. Next, the participants
had to solve a container quiz, aiming to achieve the best solution for the utilization of a 40 ft
container. After a 45 min lunch break, the students had to find a solution for a transport-cost
calculation of inland waterway transport in relation to road transport. Subsequently, the
students observed a simulation that showed how transshipment processes between the
transport modes operate. The students watched the transshipment of containers between
the transport modes. Afterward, they analyzed the crucial factors (e.g. real-time information
or trust between the partners), which are required to facilitate smooth transshipment
processes. They discussed their learning experience in small groups, followed by a
discussion in the class. After the simulation, the instructor explained—from an industry
perspective—the current challenges in freight transport for logistics providers. Topics
included exchange of data and information, forecasting of estimated arrival times as well as

Timetable

Table II.
Field trip schedule

09:45–10:00
10:00–12:00
12:00–12:15
12:15–13:00
13:00–13:30
13:30–14:00
14:00–15:00
15:00
15:00–15:20
15:20–15:45

Assessment 1 (A1)
Lecture “inland waterway transport”
Container quiz
Break
Transport-cost calculation
Simulation “Transshipment”
Company visit, port visit
End of the workshop
Break
Assessment 2 (A2)

coopetition, which is the cooperation of competing companies. The last items on the agenda
included visits to the port and the company, which is located close to the port. After those
visits, the students had a 20 min break, which was followed by the second assessment (A2).
The third assessment (A3) was done two weeks after the field trip, but it was not announced
to the students in advance so as not to distort the results. This specific time period was
chosen since the models of memory retention and forgetting predict that less than one-third
of the knowledge is retained after this interval, which allows for informative measurements.
Since the forgetting curve is continuous and the academic literature does not recommend
any specific points in time to measure long-term effects, a relatively short time span was
chosen in order to avoid panel attrition and to ensure the commitment of the course
instructors to help with the administration of the surveys. The questionnaires were
administered to the students by their teachers and all of them included identical questions
relating to knowledge, attitudes and behavioral intentions.
Additionally, the survey contained demographic questions and a unique coding to
ensure that the respondents could be correctly assigned to the three assessments in this
panel study while guaranteeing students’ privacy. A seven-point Likert scale (totally
disagree to totally agree) was used to measure their behavioral intention toward using
sustainable transport (i.e. inland waterways) in the future if given an option to do so.
Attitude was measured with a seven-point semantic differential (e.g. “bad idea” to “good
idea”). The final part of the questionnaire consisted of seven knowledge questions with
different levels of difficulty. A mix of single choice, multiple choice and open questions was
used to test for knowledge gains. The level of difficulty of the respective questions varied
from “very easy” to “very hard” in order to be able to measure the full range of knowledge.
The idea was to be able to measure the amount of knowledge among the students as exactly
and fairly as possible (Rusch et al., 2017). The grading was done such that each answer had
to be fully correct in order to be taken into account. The results therefore present the
strictest grading possible and the most conservative estimate of the overall knowledge gain.
Giving credit for partially correct answers would have led to even better results. All
questions and their grading scheme can be found in Table AI.
All respondents were selected from Austrian vocational and upper schools with a special
focus on logistics. Upper schools offer a five-year full-time student program before university
(i.e. students are between 15 and 20 years old), comparable to high schools in the US system.
Vocational schools offer a two- to four-year job-specific program for students who already
work full time in a company. This program can be started immediately after the lower cycle of
higher general education at around 15 years of age, but also later if someone wants to enter a
new line of business. In upper schools, a focus in logistics means that students had a major in
logistics and in vocational schools, it means that students chose an apprenticeship as freight
forwarders. All relevant schools were identified using a desktop search. A total of 13 schools
were randomly selected and contacted via mail and phone. If a school did not want to
participate or did not react after three mails and a phone call, another randomly selected
school was contacted. Nine schools did not want to participate because of traveling times or
did not react. The four participating schools were asked to send a class of students who were
at least in their second year of their major in logistics. It was not possible to select single
students since the teachers were only allowed to send whole classes to the field trip and thus
the sampling was done on a class level. In the sample, students from vocational schools were
between 16 and 51 years old and students from upper schools between 16 and 20 years.
In order to be able to measure knowledge gains as objectively as possible, the students were
not informed that this study included three assessments in total. Each questionnaire was
administered without prior notice. However, the students were informed upfront that their
privacy would be guaranteed and that the results of the knowledge questions would not count
toward their class grades. Moreover, they did not know about the research goals of this study.
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Results
In the following sections the findings of the study are presented. IBM SPSS Statistics 25 was
used for all analyses. Differences in knowledge, attitude and behavioral intention are shown at
three points in time (A1, A2, A3), as are the moderating effects of gender and school type. In
total, 104 students participated in the study. A total of 66.3 percent completed the
questionnaires during all three assessments, 31.7 percent completed two and 1.9 percent
completed only one questionnaire. Since the first two assessments were done during the field
trip, 98.1 percent completed at least the first two questionnaires. The third assessment was
done in school. The panel attrition between A1 and A3 was due to missing submissions on the
part of the respective school and was not based on individual decisions of the students, which
reduces the risk of systematic error on the level of the sampling unit. In spite of five follow-up
attempts per phone and mail, one school did not complete the third assessment. A total of 73.1
percent of the respondents were female students and 26.9 percent male students. A total of
43.3 percent were upper school students and 56.7 percent were vocational school students.
The average age of all participating students was 23.5 years, ranging from 16 to 51 years, with
20 students being older than 30 years. Vocational school students were on average 26.3 years
old (σ ¼ 9.80) and the average age of upper school students was slightly lower with 19.8 years
(σ ¼ 7.82). The median varied widely with 26 for vocational school students and 18 for upper
school students. The reason for the difference of eight years is that it is more common in
Austria to start a vocational school later in one’s career than it is an upper school.
Given the scales that were used, the respective sample sizes and the distribution of the
data (a Kolmogorov–Smirnov test as well as Lilliefors test showed that most of the
attitudinal and behavioral items led to heavily skewed distributions), it was decided to use
non-parametric tests that make no specific assumptions about the sample parameters.
Following the suggestions from Siegel and Castellan (1988), a Wilcoxon signed-rank test
was used for matched pairs of observations (e.g. between A1 and A2) and a Mann–Whitney
U test was the method of choice for independent samples that were selected from
populations with the same distribution (e.g. comparisons by gender and school type). In a
first step, Mann–Whitney U tests were conducted to investigate differences between
younger students (younger or equal to 20 years, n ¼ 65) and older students (older than 20
years, n ¼ 39). Previous research indicates that age has an important impact on learning
style (Seiler, 2011). By age 20, 95.2 percent of Austrian students have finished their
secondary education (Statistik Austria, 2016; Gotschi et al., 2009) and therefore this
threshold was chosen to differentiate between the two age groups. The tests showed mixed
results with significant differences between younger and older students in the first and third
assessment for attitude (U ¼ 1.608, p o0.05; U ¼ 548, p o0.05) and in the first assessment
for behavioral intention (U ¼ 1.585, p o0.05). Moreover, in the second assessment for
knowledge a significant difference was found (U ¼ 793, p o0.01). Overall, younger students
achieved a significantly higher knowledge mean value ( μ ¼ 6.97, σ ¼ 1.89) than older
students ( μ ¼ 5.73, σ ¼ 2.13).
The impact of field trips on knowledge
Table III shows the descriptive results for the knowledge measurements. Each cell contains
the mean value, the standard deviation in parentheses and the respective sample size.
In total, the students could achieve 11 points if all questions were answered correctly. Given
the novelty of the subject, the total mean values were initially quite low ( μ ¼ 3.68, σ ¼ 1.67),
but improved significantly immediately after the trip ( μ ¼ 6.52, σ ¼ 2.06). As expected,
knowledge levels had declined after two weeks ( μ ¼ 5.84, σ ¼ 1.87), but the students’ scores
were still significantly better than those at their initial assessment.
In order to assess the impact of field trips, the results were compared to benchmarks
from the learning literature, which frequently assume a maximum amount of recall of

100 percent immediately after the learning event[4]. Research on memory retention has
shown that after 20 min (which corresponds to the second assessment) about 58 percent of
the total knowledge is retained. This value decreases to about 25 percent after two weeks
(Ebbinghaus, 1913; Murre and Dros, 2015).
Figure 4 shows students’ knowledge performance. Immediately after the end of the field
trip there was a 20 min break before the second assessment was started. The results
corresponded to the findings from previous research, which can be attributed to students’
typical attention span and level of interest. Again, as elaborated above, the most
conservative measurement was used and only exact answers were taken into account. The
results therefore represent the lower limit of memory retention. At measurement A3,
however, memory retention was much higher than comparable results from the literature.
Traditional forgetting curves predict a retention rate of about 25 percent after two weeks
(Ebbinghaus, 1913; Murre and Dros, 2015), whereas the present results indicated that the
students were capable of reproducing almost the same amount of knowledge at A3
(53 percent) as in A2 (59 percent).
This effect of improved memory retention after the field trip in comparison to similar
retention studies in the literature also holds when gender is taken into account as a
moderating variable. As can be seen in Figure 5, male students scored better at A1 ( μ ¼ 4.60,
σ ¼ 1.55 vs μ ¼ 3.36, σ ¼ 1.60), but immediately after the field trip at A2 this difference has
almost vanished ( μ ¼ 6.62, σ ¼ 2.21 vs μ ¼ 6.49, σ ¼ 2.02), and remained negligible at A3

A1
A2
A3
Average

Female

Male

Upper school

Voc. school

3.36 (1.60), 76
6.49 (2.02), 76
5.92 (1.77), 48
5.26 (1.80)

4.60 (1.55), 27
6.62 (2.21), 26
5.67 (2.11), 21
5.63 (1.96)

3.80 (1.66), 45
7.80 (1.32), 43
6.60 (1.65), 35
6.07 (1.54)

3.59 (1.69), 58
5.59 (2.01), 59
5.06 (1.77), 34
4.75 (1.82)
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Total

Table III.
Knowledge mean
3.68 (1.67), 103
(max ¼ 11), standard
6.52 (2.06), 102 deviation and sample
5.84 (1.87), 69 size across gender and
5.35 (1.87)
school type (max ¼ 11)
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( μ ¼ 5.67, σ ¼ 2.11 vs μ ¼ 5.92, σ ¼ 1.77), where male students even exhibited a slightly
lower average score in comparison to female students.
Figure 6 shows that considerable differences between school types regarding memory
retention exist. While the initial difference in knowledge was comparatively small between
students from upper schools as compared to those from vocational schools ( μ ¼ 3.80,
100
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σ ¼ 1.66 vs μ ¼ 3.39, σ ¼ 1.69), this gap widened drastically immediately after the field trip at
A2 ( μ ¼ 7.80, σ ¼ 1.32 vs μ ¼ 5.59, σ ¼ 2.01), and remained wide open at measurement
A3 ( μ ¼ 6.60, σ ¼ 1.65 vs μ ¼ 5.06, σ ¼ 1.77). This indicates that the field trips were less
effective to increase knowledge and memory retention at vocational schools in comparison
to upper schools.
A Wilcoxon signed-rank test was used to detect whether the knowledge improvements
between A1–A2 (short term) and A1–A3 (long term) were significant. This turned out to be
the case for both H1a (Z ¼ −8.22, po 0.05) and H1b (Z ¼ −6.01, p o0.05). The hypotheses
that field trips lead to an increase in both long- and short-term knowledge were therefore
corroborated. A two-tailed Mann–Whitney U test showed that male students have a
significantly higher prior knowledge about sustainable transport at A1 (H1c, U ¼ 583,
p o0.05) but this difference almost disappeared immediately after the field trip at A2 (H1d,
U ¼ 928.5, p ¼ 0.644). At A3 the female students even outperformed their male counterparts,
although this difference was statistically not significant (H1e, U ¼ 475, p ¼ 0.701).
Not surprisingly, both groups scored slightly worse than at A2, as is predicted by the
forgetting curve. A one-tailed Mann–Whitney U test was used to test for differences
between the school types. No significant differences were found at A1 (H1f, U ¼ 1,197,
p ¼ 0.235). At A2 (H1g, U ¼ 508, p o0.05) and A3 (H1h, U ¼ 314.5, p o0.05), however,
students from upper schools exhibited a significantly better performance than those from
vocational schools. Table IV summarizes the results of the hypotheses pertaining to
knowledge gains.
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The impact of field trips on attitude
Table V shows students’ attitudes toward sustainable transport measured with a semantic
differential (see Table AI) using score values from 1 (negative) to 7 (positive). It turned out
that their initial assessment at A1 was already fairly positive ( μ ¼ 6.16, σ ¼ 0.88) but this
high value even increased immediately after the field trip (A2) ( μ ¼ 6.56, σ ¼ 0.67) and was
still above the initial score two weeks after the trip (A3, 6.36, σ ¼ 0.69). Female students
Hypothesis

Result

H1a Field trips lead to short-term knowledge gains (A1–A2)
H1b Field trips lead to long-term knowledge gains (A1–A3)
H1c There are no knowledge differences between female students and
male students in A1
H1d There are no knowledge differences between female students and
male students in A2
H1e There are no knowledge differences between female students and
male students in A3
H1f Upper school students perform better than vocational students in A1
H1g Upper school students perform better than vocational students in A2
H1h Upper school students perform better than vocational students in A3

A1
A2
A3
Average

Test

Supported Wilcoxon signed-rank
Supported Wilcoxon signed-rank
Rejected Mann–Whitney U
Supported Mann–Whitney U
Supported Mann–Whitney U
Rejected Mann–Whitney U
Supported Mann–Whitney U
Supported Mann–Whitney U

Female

Male

Upper school

Voc. school

6.20 (0.90), 76
6.66 (0.65), 76
6.52 (0.61), 48
6.45 (0.72)

6.05 (0.83), 27
6.26 (0.66), 26
5.98 (0.73), 21
6.10 (0.74)

5.85 (0.88), 45
6.53 (0.74), 43
6.20 (0.65), 35
6.09 (0.76)

6.41 (0.81), 58
6.58 (0.63), 59
6.52 (0.70), 34
6.50 (0.71)

Total

Table IV.
The impact of
field studies on
performance

Table V.
Attitudinal mean
6.16 (0.88), 103
(max ¼ 7), standard
6.56 (0.67), 102 deviation and sample
6.36 (0.69), 69 size across gender and
6.36 (0.75)
school type
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exhibited higher values as compared to male students at all three measurements. Similarly,
students from vocational schools always had a more positive attitude toward sustainable
transportation than those from upper schools.
A Wilcoxon signed-rank test showed a statistically significant difference in students’
attitudes both in the short term (H2a, Z ¼ −4.68, p o0.05) and in the long term (H2b,
Z ¼ −2.31, p o0.05). Students’ attitudes toward sustainable transport increased from 6.16 to
6.56 after the field trip and declined to 6.36 in A3. Again, the difference between A3 and A1
was still statistically significant. Two-tailed Mann–Whitney U tests were used to compare
the mean differences of attitudes between female and male students and upper school and
vocational school, respectively. It turned out that initially there were no attitudinal
differences between female and male students (H2c, U ¼ 869.5, p ¼ 0.231), but this situation
changed after the trip with female students showing a significantly more positive attitude
than male students. This effect was caused by the higher improvement of female attitudes in
comparison to male attitudes (H2d, U ¼ 588.5, p o0.05). The significant difference can also
be found at A3, where male students exhibited a drop in attitude to slightly below the initial
level at A1 and female students continued to have values comparable to A2 (H2e, U ¼ 279,
p o0.05). Furthermore, a significant difference was found between school types at the initial
assessment A1, with vocational students exhibiting a more positive attitude (H2f, U ¼ 766,
p o0.05) but this difference vanished immediately after the field trip where both school
types had nearly identical attitudinal results (H2g, U ¼ 1,163.5, p ¼ 0.429). The assessment
at A3 resulted in a statistically significant difference, with vocational students having a
more positive attitude than upper school students (H2h, U ¼ 404.5, p o0.05) (Table VI).
The impact of field trips on behavioral intention
Table VII shows students’ behavioral intentions to use inland waterways in case they work
as logistics managers in the future. Measured with a seven-point Likert scale with 7
indicating the highest level of agreement, it turns out that students in general had a fairly
high initial level of behavioral intention at A1 ( μ ¼ 5.58, σ ¼ 1.12). Immediately after the field
trip (A2) their intention to use sustainable transport technology was highest ( μ ¼ 6.15,
σ ¼ 0.83), with a small decline at A3 ( μ ¼ 5.89, σ ¼ 1.05). Similarly to the attitudinal
measures, female students exhibited higher scores at all three measurements, as did
vocational students in comparison to upper school students.

H2a
H2b
H2c
H2d
H2e
H2f
H2g
Table VI.
The impact of field
trips on attitudes

H2h

Hypothesis

Result

Method

Field trips improve students’ attitude toward sustainable
transport in the short term (A1–A2)
Field trips improve students’ attitude toward sustainable
transport in the long term (A1–A3)
There are no attitudinal differences between female and
male students in A1
There are no attitudinal differences between female and
male students in A2
There are no attitudinal differences between female and
male students toward sustainable transport in A3
There are no attitudinal differences between upper
school and vocational school students in A1
There are no attitudinal differences between upper
school and vocational school students in A2
There are no attitudinal differences between upper
school and vocational school students in A3

Supported

Wilcoxon signed-rank

Supported

Wilcoxon signed-rank

Supported

Mann–Whitney U

Rejected

Mann–Whitney U

Rejected

Mann–Whitney U

Rejected

Mann–Whitney U

Supported

Mann–Whitney U

Rejected

Mann–Whitney U

Again, Wilcoxon signed-rank tests were used to compare the matched samples at A1, A2
and A3 and Mann–Whitney U tests to account for gender and school type differences. It
turned out that students’ intentions to use sustainable transport increased in the short term
(H3a, Z ¼ −5.797, p o0.05) as well as in the long term (H3b, Z ¼ −3.691, p o0.05), with their
intention declining slightly between A2 and A3. No significant differences between female
and male students regarding their intentions could be found at A1 (H3c, U ¼ 920, p ¼ 0.422)
and A2 (H3d, U ¼ 863, p ¼ 0.323). At A3, however, the difference was significant (H3e,
U ¼ 356, p o0.05), which was caused by the fact that the behavioral intention of the male
students declined to its initial value at A1, whereas the females continued to exhibit an
increase as compared to A1. Finally, the comparison of school types revealed that initially
there was a significant difference between upper schools and vocational schools (H3f,
U ¼ 981, p o0.05) with the latter exhibiting a higher intention. This difference vanished
immediately after the field trip (H3g, U ¼ 1,180, p ¼ 0.54) and was also not found at A3 (H3h,
U ¼ 498, p ¼ 0.237) (Table VIII).
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Discussion
This paper presents the impact of field trips on students’ knowledge, attitude and
behavioral intention pertaining to sustainable transport. Measurements were taken
immediately before and after as well as two weeks after the field trip in order to account for
both short-term and long-term effects. Additionally, two moderating variables, gender and
school type, were included in the research design, which led to 24 individual hypotheses that
were tested individually using non-parametric tests. The most important finding of this

A1
A2
A3
Average

H3a
H3b
H3c
H3d
H3e
H3f
H3g
H3h

Female

Male

Upper school

Voc. school

Total

5.60 (1.18), 76
6.20 (0.81), 76
6.05 (1.01), 48
5.94 (1.00)

5.52 (0.95), 27
6.01 (0.86), 26
5.52 (1.07), 21
5.69 (0.96)

5.33 (1.00), 45
6.11 (0.78), 43
5.78 (0.98), 35
5.73 (0.59)

5.78 (1.18), 58
6.19 (0.86), 59
6.00 (1.12), 34
5.99 (1.05)

5.58 (1.12), 103
6.15 (0.83), 102
5.89 (1.05), 69
5.87 (1.00)

Hypothesis

Result

Test

Field trips improve students’ intention to use sustainable
transport in the short term (A1–A2)
Field trips improve students’ intention to use sustainable
transport in the long term (A1–A3)
There are no differences in behavioral intention between
female and male students in A1
There are no differences in behavioral intention between
female and male students in A2
There are no differences in behavioral intention between
female and male students in A3
There are no differences in behavioral intention between
school types in A1
There are no differences in behavioral intention between
school types in A2
There are no differences in behavioral intention between
school types in A3

Supported

Wilcoxon signed-rank

Supported

Wilcoxon signed-rank

Supported

Mann–Whitney U

Supported

Mann–Whitney U

Rejected

Mann–Whitney U

Rejected

Mann–Whitney U

Supported

Mann–Whitney U

Supported

Mann–Whitney U

Table VII.
Behavioral intention
mean (max ¼ 7),
standard deviation
and sample size
across gender and
school type (max ¼ 7)

Table VIII.
The impact of
field trips on
behavioral intention
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study is the overall positive impact of field trips on knowledge, attitude and behavioral
intention in both the short run and the long run, which corroborates the findings from
Gardner et al. (2009) and Xu et al. (2012). All hypotheses postulating a positive effect of field
trips were confirmed and the conservative measurements used in this study exceeded the
predictions from previous memory retention studies. The results show that memory
retention decreases over time, which was to be expected from previous research (Murre and
Dros, 2015), but the rate of decline was less than could be expected from comparable studies
using traditional teaching methods. After two weeks, significant differences in comparison
to the initial state of knowledge still existed, which indicates that field trips can be perceived
as suitable means to achieve long-lasting effects.
The results pertaining to the moderating effect of gender were less clear-cut, which was
to be expected from the conflicting results from the literature (e.g. Downing et al., 2008; Kılıç
and Sağlam, 2010). Male students had more knowledge prior to the field trip, but the
statistically significant difference vanished after the workshops. In other words, gender did
explain knowledge differences prior to, but not after the field trip. The results pertaining to
attitude turned out to be exactly the other way around. No significant attitudinal differences
were found before the workshops, but the ex post assessments revealed that the females held
significantly more positive attitudes than males. In line with this attitudinal change, the
long-term behavioral effect of the workshop also turned out to be more pronounced for
women. No significant differences between males and females were found immediately
before or after the workshop, but after two weeks the positive effect of the workshop
remained stronger for females, so that a significant difference arose between the genders.
In a nutshell, the results indicate that the workshops were appropriate to remove an existing
knowledge gap between males and females and the attitudinal and behavioral effects turned
out to be more effective for females.
Finally, the school type also accounted for significant differences. Based on the literature
and the peculiarity of the schooling system, it was hypothesized that upper school students
would perform better than vocational students (van Houtte, 2004; Kılıç and Sağlam, 2010).
This can be explained by a self-selection process of the students and the greater familiarity
of upper school students with the learning process itself. The initial results revealed no
significant difference, which can be explained by the inexperience of all students with the
subject, but the measurements immediately and two weeks after the workshops showed that
upper school students outperformed vocational students by far. This bears implications for
the design and presentation of the study material. As far as attitudinal differences are
concerned, vocational students exhibited a more positive attitude toward sustainable
transport before the workshop. Immediately after the session, this difference has vanished,
but two weeks later the statistically significant difference appeared again—albeit on a
higher level for both groups than prior to the workshop. The behavioral intention to use
sustainable modes of transport was higher for vocational students prior to the field trips,
which is in line with their overall more positive attitude, but this difference vanished as a
result of the workshops.
Implications
Implications for academia
Field trips have been shown to be effective teaching activities in a wide variety of fields.
This study is the first to apply them in the context of sustainable transport education and to
use rigorous measurements to test for prolonged effects. It was found that the gains in
knowledge (i.e. memory retention) were significantly higher than previous results published
in the literature. While gender did not play an important role for knowledge gains, dissimilar
school types (vocational school vs secondary school) led to significant differences in
knowledge. However, even the students from vocational schools, who performed worse than

those from secondary schools, exceeded the results from previous memory retention and
knowledge gains studies. Thus, it could be concluded that field trips represent an effective
means for knowledge transfer. The proposed framework and the research design including
the choice of measurement scales will help other researchers in designing their own studies.
Furthermore, it will allow the comparison of results between different studies. It was also
found that field trips are effective in improving students’ attitudes toward sustainable
transport and their behavioral intentions to use it in the future if given the opportunity to do
so. The present framework, which was based on slightly modified scales from the literature
to measure attitudes and behavioral intentions as well as a catalogue of original questions to
measure knowledge, is suggested as a tool for future research to measure the intended
constructs. It can be easily integrated into existing learning and more comprehensive
behavioral theories.
Practical and teaching implications
In terms of practical relevance, the partnership between industry, education and research
enabled a field trip experience that was designed to create long-lasting positive effects.
Rigorous measurement and various feedback rounds ensured that all participating
parties were able to quantify the success of this project and that everyone fully
understood the goals of the field trips. The results of the present study concur with
Gravier and Farris (2008, p. 247), who indicate that partnerships between academics and
the industry pose interesting options for SCM and logistics education, which can help to
avoid the “risk of irrelevance that has betimes afflicted other disciplines.” A positive side
effect of the field trips was the increased communication that was initiated by the need to
coordinate the trips and which helped to establish closer links between the partner
organizations. This, in turn, made it possible to enrich current curricula with up-to-date
topics from the industry.
For educators, who have access to a wide variety of experiential learning approaches,
the paper provides an indication of the efficacy of field trips as one specific experiential
learning approach. Guest lectures are an effective way to transfer insights from industry
to the classroom. van Hoek et al. (2011) suggested that guest lectures should be
incorporated in teaching in a more creative way than they traditionally are, for example,
through assigning special roles to the guest lecturer or through exceptional settings.
Field trips are an instrument to implement this suggestion. Many different forms of
experiential learning exist, but most of them are still based on teaching in a classroom and
do not integrate field trips (Heriot et al., 2008). Such trips, as well as student consulting
projects, constitute experiential learning techniques that get students out of the classroom
and allow them to learn in real-life settings (Walk, 2010; Goodell and Kraft, 1991). Kopczak
and Fransoo (2000) described the positive effects of global, cross-cultural project tasks
where students have to collaborate with peers from other universities. Cross-cultural
projects as well as traditional consulting projects turned out to have a positive impact on
the development of soft skills; however, the authors also found that they are less
effective in transferring theoretical concepts. As a solution, Kopczak and Fransoo (2000)
included traditional lectures to facilitate the transfer of highly theoretical concepts. The
field trip design as described in this paper is appropriate to facilitate both the development
of soft skills through collaborative tasks and the understanding of theoretical
concepts through guest lectures from domain experts. The detailed description of the
workshops is intended to draw instructors’ attention to use field trips for education about
sustainable transport or other topics in their study programs or schools. In general, the
findings of this study highlight the potential of field trips to induce an attitudinal
change toward sustainable transport and, more generally, toward environmentally
friendly behavior.
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Conclusions, limitations and further research
The purpose of this paper was to investigate the impact of field trips that were designed to
increase students’ knowledge of sustainable transport as well as change their attitudes and
behavioral intentions. This study contributes to the evaluation and research of teaching
methods for sustainable development. A longitudinal study was conducted with three
assessments before, directly after and two weeks after the field trips with 104 logistics
students from vocational schools and upper schools. The results show that the learning
performance can be increased in comparison to traditional methods when field trips are used
as a teaching method. Embedding field trips in educational programs therefore proffers an
efficient method to enhance students’ knowledge about sustainable transportation. Learning
performance increased significantly after the field trips, regardless of gender and school type.
Upper school students achieved a better learning performance than vocational schools, but no
difference between the genders was found. This paper gives practical recommendations on
how to create an appealing and motivating learning environment using field trips. This
research contributes to the existing literature as insights are provided on how to integrate
theory and practice in organized field trips. The results emphasize the need for a higher level of
understanding regarding how different moderating variables influence learning performance.
As is the case with any empirical research, this study has some limitations which call for
future research. The research was conducted in Austria with 104 participants and the results
may differ in other countries. In addition, the sample was drawn from higher secondary
education students (i.e. vocational and upper schools) and it does not include individuals from
other educational institutions (e.g. primary schools, universities, adult education). In this study
the focus was exclusively on knowledge gains pertaining to memorization skills and, as such,
other types of capabilities (e.g. mathematics, language) were not measured. Future empirical
research is needed to ensure the generalizability of the results and to better understand how
learning performance through field trips differs compared to traditional learning techniques.
More research on the moderating effect of the school type is needed to identify the relevant
causal factors, as well as the inclusion of the instructor’s role as a covariate, the impact of the
awareness of being part of a research project and the importance of different learning and
presentation styles (e.g. class teaching vs field trips). Bigger sample sizes will allow for more
sophisticated multivariate statistical techniques, which can take into account the
simultaneous effects of exogenous and endogenous variables. Finally, the period of
observation can be extended to account for even longer-lasting effects.
Notes
1. The term “students” in a general sense refers to any person who studies and can be used for
learners from primary schools up to universities (e.g. Teo et al., 2001).
2. Since no consistent prior findings in the literature exist on whether one gender outperforms the
other, H1c–H1f were formulated as null hypotheses postulating no significant difference. This has
no implications for the statistical testing.
3. The term “upper school” is used inconsistently between (and sometimes also within) countries. In the
context of this study it denotes a school on a secondary level of education with students usually
being 14–20 years old. They do not receive any practical training as part of their studies. In this
study, the workshop participants were not in the tertiary education system (i.e., colleges or
universities), but rather attended either an upper school or a part-time vocational school in
combination with an apprenticeship. The students in vocational schools received on-the-job training
and already had some practical experience, which made them particularly suitable for this study.
4. This is an assumption that can be questioned, which is the case, for example, when students are
not paying attention. In this study the forgetting curve therefore represents the most conservative
benchmark available and the results may be biased toward underestimating the total knowledge
improvement effect.
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Appendix
Knowledge
Question
kn1 Which is the largest European inland port in terms of
total cargo volume? (single choice)
kn2 What percentage of the modal split was used for
inland waterway transport in Europe in 2014? (open
question: 0–100%)
kn3 Which of the following types of goods are appropriate
for inland waterway transport? (multiple choice)

kn4 How much percent of the potential cargo volume of the
Danube are currently used for freight transport? (open
question: 0–100%)
kn5 Which of the following key characteristics describe the
new logistics concept of “synchromodality”? (multiple
choice)

Correct answer
Duisport
7%

(a) Ores and metal waste
(b) Agricultural and forestry products
(c) Petroleum products
(d) Fast moving consumer goods

15%

(a) Cooperative network
(b) Real-time switching between
transport modes
(c) Flexibility
(d) Unimodal transport

kn6 What was the total cargo volume transported in 2014 in 550m tons
the European Union on inland waterways? (single choice)
kn7 How many trucks are substituted by one common
280 trucks
inland vessel of the Danube?
(open question)
Attitude
Original scale (Bhattacherjee and Premkumar, 2004, p. Modified scale
254; Ajzen, 1991)
All things considered, using the website will be a […] All things considered, using inland
waterway transport for freight
transport is a […]
at1 Bad idea … good idea
Bad idea … good idea
at2 Foolish move … Wise move
Foolish move … Wise move
at3 Negative step … Positive step
Negative step … Positive step
Behavioral intention
Original scale (Taylor and Todd, 1995, p. 174)
bi1 I intend to use the CRC this term

Table AI.
Measurement Scale

bi2 I intend to use the CRC to print projects, papers or
assignments this term
bi3 I intend to use the CRC frequently this term

Modified scale
If I were a logistics manager,
I intend to use inland waterways for
freight transport
I intend to use inland waterways for
freight transport in the future
I intend to use inland waterways for
freight transport modes frequently
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Abstract
Purpose – The purpose of this paper is to present a conceptual framework on resilience types in supply
chain networks.
Design/methodology/approach – Using a complex adaptive systems perspective as an organizing
framework, the paper explores three forms of resilience: engineering, ecological and evolutionary and their
antecedents and links these to four phases of supply chain resilience (SCRES): readiness, response, recovery,
growth and renewal.
Findings – Resilient supply chains need all three forms of resilience. Efficiency and system optimization
approaches may promote quick recovery after a disruption. However, system-level response requires
adaptive capabilities and transformational behaviors may be needed to move supply chains to new fitness
levels after a disruption. The three resilience types discussed are not mutually exclusive, but rather
complement each other and there are synergies and tradeoffs among these resilience types.
Research limitations/implications – The empirical validation of the theoretical propositions will open up
new vistas for supply chain research. Possibilities exist for analyzing and assessing SCRES in multiple and
more comprehensive ways.
Practical implications – The findings of the research can help managers refine their approaches to
managing supply chain networks. A more balanced approach to supply chain management can reduce the
risks and vulnerabilities associated with supply chain disruptions.
Originality/value – This study is unique as it conceptualizes SCRES in multiple ways, thereby extending
our understanding of supply chain stability.
Keywords North America, Supplier relations, complex adaptive systems, Supply chain management,
Engineering, Conceptual research, Response flexibility, Ecological and evolutionary resilience,
Supply chain networks
Paper type Conceptual paper

Introduction
Disruptions to commercial supply chains can have significant economic impacts. Managing
risk and vulnerability associated with supply chains have therefore assumed some urgency.
Resilience, the capacity of a system to adapt to change and deal with surprise while
retaining the system’s basic function and structure (Holling, 1973), has emerged as an
important tool for managing supply chain risk and vulnerability (Ponomarov and Holcomb,
2009; Pettit et al., 2010).
Early research on supply chain resilience (SCRES) focused on resilience as a means for
reducing risk and vulnerability in supply chains (Martin and Peck, 2004) and as an
organizational capability that confers competitive advantage (Sheffi, 2005). That stream of
research discusses resilient supply chains as capable of absorbing or avoiding disruptions
entirely (Sheffi and Rice, 2005), or recovering much faster after a disruption (Zsidisin and
Smith, 2005). Researchers have also focused on strategies that firms can use to build
resilient supply chains (Wieland and Wallenburg, 2013), as well as factors that both reduce
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and enhance resilience in supply chains (Blackhurst et al., 2011). New efforts to assess
SCRES are emerging. For example, Barroso et al. (2015) calculated what they call
the resiliency index of a supply chain by measuring the disruptive capacity as the recovery
time of a supply chain following a disruption and recent reviews have begun to categorize
studies into typologies. For example, Tukamuhabwa et al. (2015) categorized resilience
strategies into proactive and reactive strategies. Our understanding of supply chain
dynamics has been enhanced by the ongoing focus on resilience. Despite this progress, some
gaps remain in our understanding of both the concept and its usefulness in explaining
supply chain dynamics.
First, resilience by definition is a dynamic concept. Specifically, because resilience is a
property of dynamic systems, it is important to focus on system attributes and the dynamic
structure of supply chain networks. As Walker et al. (2004, p. 1) noted, “resilience of a
system needs to be considered in terms of the attributes that govern the system’s
dynamics.” Second, while resilience is clearly a multidimensional construct, few studies in
the supply chain literature have explicitly addressed this (see Eltantawy, 2016 for an
exception). Third, although resilience has been conceptualized in terms of a supply chain’s
ability to be ready, respond, recover and transform (Tukamuhabwa et al., 2015), not much is
known about the capabilities for managing the growth and transformation phases. Finally,
the emerging SCRES literature has been largely atheoretical and other researchers
(e.g. Tukamuhabwa et al., 2015; Ali et al., 2017) have noted this. Researchers have used the
resource-based view (Blackhurst et al., 2011), social capital ( Johnson et al., 2013) and
complex adaptive systems (CAS) theory (Day, 2014; Tukamuhabwa et al., 2015) to explain
resilience. There is a need to adopt theoretical lenses more in tune with the dynamic nature
of supply chains.
This research extends existing research by developing a multidimensional framework of
SCRES and in so doing bridges some of the existing gaps. We adopt a CAS perspective as an
organizing framework to emphasize the dynamic and nonlinear nature of supply chain
networks (Pathak et al., 2007; Tukamuhabwa et al., 2015). We explore three forms of
resilience: engineering, ecological and evolutionary resilience and their antecedents and link
these to the overall system resilience, defined as the ability of a supply chain to be ready,
respond, recover and have the capacity for renewal following a disruption. The rest of the
paper is organized as follows to explore the issues. The first section identifies and discusses
the three forms of resilience. This section explores the key antecedents (SCRES elements) of
each resilience type as well as the strategies and capabilities required for each resilience
type. The section after that discusses the synergies and tradeoffs inherent in the
multidimensional concept of resilience. The next and concluding section presents a
discussion of both the practice and research implications of the paper.
Figure 1 presents a summary of the conceptual framework of the paper. It relates SCRES
capabilities to different resilience types and to the four phases of SCRES. The resilience
types do not just have direct effects on the phases of SCRES, they may interact with each
other and there are inherent tradeoffs between them. The key presumption is that a resilient
supply chain must be able to navigate all the stages of disruption. This means that resilient
supply chains have the capabilities to respond, recover and transform after a disruption.
Pettit et al. (2010) in fact suggested that the desired level of resilience is achieved when there
is a match between vulnerabilities and corresponding capabilities. We suggest that
although there are different types of resilience, ideally resilient supply chains need to have
not just some, but all the three types of resilience. More important, there may be synergies as
well as tradeoffs among the resilience types.
This paper makes a number of significant contributions to research on resilience in
supply chain networks. First, we explore the multidimensional nature of resilience in supply
chain networks. As Pettit et al. (2010) noted, we need a broader view of resilience than

SCRES Capabilities

Resilience Types

Efficiency-based
approaches/capabilities
• Contingency planning
• Control-oriented
approaches

Supply chain
resilience

Four Phases of
SCRES

Readiness
Engineering
Resilience
(Efficiency)

1453
Response
Response

Adaptive Capability
• Adaptive capacity
• Flexibility
• Redundancy of
function
• Self-organization and
attractors

Overall
Supply Chain
Resilience
Ecological
Resilience
(Adaptation)

Recovery

Growth and
renewal

Collaborative Capability
• Social capital
• Inter-firm trust
• Social memory
• Visionary
leadership
• System learning

Evolutionary
Resilience
(Growth and
renewal)

existing research suggests. Eltantawy (2016) made an important conceptual advance by
identifying two types of resilience: engineering and ecological resilience in supply chains.
We extend this line of research by adding a third form of resilience, evolutionary or
socio-ecological resilience. As Eltantawy (2016, p. 126) noted, “Construct specification is
crucial at this early stage of delineating the resilience construct.” While this study builds on
Eltantawy (2016), it goes beyond that to avoid missing important elements of resiliency that
have yet to be applied in the supply chain literature. Second, our use of the CAS framework
allows us to link resilience to supply chain structure, thereby allowing us to show the
capacity of resilience to vary across phases of supply chain evolution. This is important
given that there are different forms of resilience, and that resilience may vary across
different phases and multiple periods of a supply chain since, by nature, supply chains
exhibit nonlinear dynamics (Blackhurst et al., 2011). Third, this research extends existing
research by building on Maruf et al. (2016), who developed a model of supply chain
readiness and response–recovery capability. Our model goes beyond that and discusses
renewal and growth or transformation capability. As Bristow and Healey (2014) observed,
the essence of resilience is to change as circumstances change, to adapt, and when
necessary, transform rather than continuing to do the same thing better. Fourth, we explore
the interplay between the various resilience types to offer a more holistic explanation of
SCRES. Finally, the framework provided in this research may allow us to derive a set of
practical guidelines for building resilience in supply chain networks.
There is emerging agreement that SCRES requires a set of distinct characteristics.
In their systematic review of the SCRES literature, Hohenstein et al. (2015) identified four
distinct phases of SCRES: readiness, response, recovery and growth or movement to a
new and more desirable state after a disruption. These four phases cover the pre- and
post-disruption phases of supply chain risk management (Barroso et al., 2015).
Building on earlier research, Hohenstein et al. (2015) identified four distinct phases of

Figure 1.
Proposed framework
of supply chain
resilience
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SCRES: supply chain readiness, response, recovery and growth. A brief annotation of
these four phases may be helpful to our understanding of how to manage resilience over
time. Growth goes beyond recovery; it not only returns a system to its pre-disruption
state, but more important, goes beyond that to achieve a new and improved position
(Hohenstein et al., 2015). Carvalho et al. (2012, p. 331) in fact defined SCRES in terms of
this capacity for growth by noting, “Supply chain resilience is concerned with the system
ability to return to its original state or to a new, more desirable state.”
Supply chains as complex adaptive systems
Supply chains have been conceptualized as CAS (Pathak et al., 2007; Wycisk et al., 2008; Choi
et al., 2001). With roots in systems, complexity and chaos theory, CAS are systems that
emerge into a coherent form through adaptation and self-organization (Holland, 1995). CAS
consist of a number of active agents, who interact with each other according to sets of rules
that require them to examine and respond to each other’s behavior in order to improve their
behavior and the behavior of the system they comprise (Stacey, 1996, p. 10). In the case of
supply chains, the agents ( firms) interact by exchanging information and physical goods
(Pathak et al., 2007). Agents in a CAS are heterogeneous with degrees of freedom to act
independently when necessary even as they share connectivity with other members
(Choi et al., 2001). Although operating at different levels (Surana et al., 2005), their collective
goal is to enhance the fitness of the system. By its agents trying to achieve individual goals,
the supply chain benefits from a collective outcome. Similarly, a negative event in one firm
in the supply chain may have system-wide repercussions (Barroso et al., 2015).
CAS have some other common characteristics. CAS interact with their environment, adapt
and co-evolve to create dynamic, emergent realities (Wycisk et al., 2008) and SCRES has been
described as an adaptive phenomenon (Aditya et al., 2014). Supply chains face a dynamic
environment and need to adapt as changes occur in the environment if they are to survive
(Choi et al., 2001). At the same time, the activities of individual agents also influence the supply
chain environment. CAS exhibit nonlinearity, which makes determining cause and effect or
making predictions about nonlinear phenomena difficult, if not impossible. This may be so
because large changes in input in such systems may lead to small changes in outcome, and
small changes in input may lead to large changes in outcome, the so-called “butterfly effect”
(Choi et al., 2001, p. 356), a phenomenon much akin to the “bullwhip” effect in supply chains.
Small events then are perfectly capable of causing severe disruptions or having massive
effects on supply chain networks, as there is no direct correlation between cause and effect.
In addition, agents in a CAS share common schema or norms of behavior (Choi et al., 2001) and
firms in supply chains similarly have rules and policies that govern their relationships. Next,
CAS exhibit self-organization and emergent behavior, a process by which order emerges
without any external control (Nicolis and Prigogine, 1989) and supply chains have been
described as self-organizing systems (Choi et al., 2001; Nilsson and Gammelgaard, 2012).
SCRES itself has been conceptualized as an emergent phenomenon (Day, 2014). Related to
supply chains, this quality of CAS means that individual actor decisions can cause new
structures to emerge in the supply chain although no single firm can determine the resilience
of the entire supply chain (Geng et al., 2014). CAS have the ability to engage in dynamic
learning as a strategy to attain fit with their environment because learning helps adaptation
(Wycisk et al., 2008). Finally, CAS undergo transformation. Transformation involves radical
change that results in a fundamentally different system. Walker and Salt (2006) defined
transformation as changing the “state of the system,” reflected in changes to such system
characteristics as goals, scale and cross-system connections in space and time. The qualities of
a CAS and the description of a supply chain as a CAS implies that resilience itself may best be
understood as a dynamic and nonlinear concept since resilience is a feature of such dynamic
systems (Nilsson and Gammelgaard, 2012).

SCRES: a multidimensional construct
One of the more frequently cited definitions of SCRES is based on Christopher and Peck
(2004, p. 2) who define resilience as “the ability of a system to return to its original
state or move to a new, more desirable state after being disturbed.” We suggest that at
least three forms of resilience are necessary if supply chains are to accomplish
those goals. Borrowing from Holling’s (1973) seminal work on resilience, we can
identify two forms of resilience: ecological and engineering, each with very distinct design
and management goals. Both concepts of resilience are alike in one respect: both
envision a system that has been pushed off its equilibrium state by a disturbance but they
differ in terms of the mechanisms and strategies the systems use to avoid being pushed so
far as to be functionally restructured (Ruhl, 2011). Related to supply chains,
any disruption to the supply chain stability can be equated with a system being
pushed off its equilibrium.
Engineering resilience
Holling (1973) defined engineering resilience as the ability of a system to return to an
equilibrium or steady state after a disturbance. Resistance to disturbance and the speed at
which the system returns to equilibrium is the measure of engineering resilience. According
to this form of resilience, the faster a system bounces back, the more resilient it is. The
emphasis here, as Holling (1996) puts it, is on return time. “Efficiency, constancy and
predictability-all attributes at the core of the engineer’s sought-after qualities for a fail-safe
engineering design” (p. 63). According to Ruhl (2011, p. 4), “engineering resilience draws
on reliability, efficiency, and quality control and similar strategies to pursue a single
objective- return the system to equilibrium state” after a disturbance making recovery a
design goal. Accomplishing the goals of efficiency and reliability requires supply chain
members to develop some key capabilities.
First, contingency planning (CP) is an effective tool for engineering resilience. CP
involves developing responses in advance for managing disruptions that may impact the
supply chain. CP requires risk analysis and determination of the likelihood of impact of
disruption and the development of response alternatives. A key aspect of CP is the
development of the capacity to develop an early warning system with which to forecast and
monitor possible disruptions to the supply chain before they occur (Sheffi, 2005; Tang, 2006;
Pettit, 2008). Contingency plans can be developed around how to reconfigure the supply
chain in the event of a disruption, recovery and restoration plans in the event of a disruption,
as well as resource and supply chain reconfigurations (Ambulkar et al., 2015; Sheffi, 2005;
Pettit et al., 2010).
Second, firms can use both supply and demand management capability as a strategy for
managing disruptions (Tang, 2006). Strategies such as the use of postponement, using
delayed product differentiation (DPD) strategy to minimize costs by delaying additional
investment into a product until the last possible moment is a way to reduce risk
(AlGeddawy and ElMaraghy, 2012). DPD is a prerequisite for applying postponement
strategies. Postponement strategy involves designing generic products based on total
aggregate demand of all products and delaying customizing the generic product later on
using process design concepts such as standardization, commonality and modular design to
delay the point of differentiation (Tang, 2006; Sheffi, 2005). Postponement can come in
different forms: place, form, time, labeling, packaging, assembly and manufacturing
(Swaminathan and Tayur, 1998). Agents can also use flexible supply bases so that
production can be quickly shifted among suppliers as a robust strategy for minimizing the
impact of disruptions. Benetton, UPS, HP and Nokia have been mentioned as examples of
firms that use these and related approaches to manage resilience in supply chains
(Sheffi, 2005; Tang, 2006).
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Third, firms can use Business Continuity Planning (BCP), as a strategy for managing
supply chain risk and disruptions. BCP is a tool for managing supply risks that are typically
difficult to predict, have a very low probability of occurrence, but nonetheless have a
potentially catastrophic impact on the organization if they happen (Zsidisin and Smith,
2005). BCP involves identifying the critical suppliers in the chain, ascertaining the potential
impact of the loss of such a supplier by conducting a business impact assessment as well as
a risk assessment to understand the potential risk that would affect the supplier. To deal
with risk, a BCP program requires firms to know who the critical suppliers are so that they
can draw up detailed strategies to deal with any disruption affecting them. BCP involves a
continuous process of risk awareness and monitoring of the supplier chain with near misses
and drops in quality promptly investigated. Recognizing early warning signs is a key part
of this approach (www.thebci.org/).
Fourth, building an agile supply chain can increase engineering resilience. Supply chain
agility is the ability of a supply chain to respond quickly to changes in supply and demand
(Christopher and Peck, 2004). An agile supply chain has two characteristics: visibility and
velocity. Visibility enables supply chain actors to be able to see through the entire supply
chain as well as know the system’s environment and its key assets. Visibility also allows the
firms to identify vulnerable suppliers so that they can prepare contingency plans for
reaction in the event of a disruption (Ying et al., 2013). Visibility can be enhanced through
the development of monitoring programs like BCP, information sharing and transparency.
The use of these and similar integrated systems may be an important means for mitigating
the impact of large-scale disruptions (Ponomarov and Holcomb, 2009; Ambulkar et al., 2015).
Sáenz and Revilla (2014) cited the example of Cisco using this capability to improve its
agility and response to the 2011 Japanese tsunami. Supply chain velocity is another
determinant of agility and engineering resilience. Carvalho et al. (2012) defined velocity as
the ability to complete an activity as quickly as possible. For example, the total time it takes
to move products and materials from one end of the supply chain to the other expresses
velocity (Christopher and Lee, 2004). Supply chain velocity itself may determine the
recovery speed of the supply chain from a risk event (Tukamuhabwa et al., 2015).
Finally, other engineering resilience strategies such as lean manufacturing, just-in-time
( JIT) delivery may help short-term response. Indeed, Marchese et al. (2012) noted that supply
chain strategies focused on reducing operational risk depend on lean manufacturing, JIT
inventory and capacity rationalization to boost supply chain efficiency. Qrunflesh and
Tarafdar (2013) suggested that lean supply chain management actually helps supply chain
performance. To the extent that these approaches rely on the notion of planning for risk and
designing a fail-safe system, they are reflective of engineering resilience. Engineering
resilience and the associated capabilities discussed here are clearly assets that would allow
supplier chain actors to react promptly and recover from disruptions. By definition,
recovery is the criterion variable in engineering resilience.
At some level, engineering resilience rests on a traditional Cartesian-Newtonian
worldview of control, efficiency and system optimization. That approach views supply
chains as static systems in which the goal is system optimization (see e.g. Gunasekaran and
Ngai, 2004; Pathak et al., 2007). As Holling and Gunderson (2002) observed, engineering
resilience devotes all its resources to staying near the equilibrium, so that the system can
snap back after a shock. The authors warn, however, that focusing on engineering resilience
exclusively “reinforces the dangerous myth that the variability of systems can be effectively
controlled, that the consequences are predictable.” As Holling (1996, p. 34) observed, the
search for optimal systems implies that systems have global stability and that only one
equilibrium steady state exists, and if others exist, “they need to be avoided.” Accordingly,
engineering resilience strategies such as efficiency would remove, at the design stage,
anything perceived as wasteful redundancy. However, engineering resilience is only useful

in the end if possible, or most inefficiencies are known and removed at the design stage, a
situation that is not always possible. Indeed, engineering resilience strategies can only be
useful when variability is low and future conditions can be predicted over a reasonable
period (Ruhl, 2011).
A system that favors engineering resilience will tend to be highly resistant to change
because of this inherent rigidity. Such a system, however, would be vulnerable to large-scale
disruptions if internal and external shocks break its resistance. Indeed, as Choi and Hong
(2002) observed, firms using universal quality standards such as ISO 9000 and “Six Sigma”
may be trying to impose too rigid control on complex systems. The authors cited the
examples of such notable firms as Motorola, IBM and Daimler Chrysler as examples of firms
who tried, unsuccessfully, to use institutional strategies to achieve efficiency in their supply
chains. The authors noted that popular control-oriented schemes such as JIT may be
substituting short-term efficiency for long-term performance in supply chain networks.
Fisher (2011) similarly reported on one downside of this engineering resilience approach by
some Japanese supply networks. The author noted that some supply networks had a hard
time recovering after the 2011 tsunami disaster because in trying to provide better quality at
lower prices, manufacturers picked very narrow, optimized supply chains, thereby “risking
everything on one endeavor” so to say. Fisher (2011) suggested that a number of Japanese
companies have learned the lessons of focusing on too much efficiency (engineering
resilience) and have already started investing in redundancy with Canon, for example,
reported to be considering a move to diversify its production base by expanding from its
southern Japan sources and increasing production lines at its two factories in China.
The effectiveness of most of the engineering resilience strategies discussed here are
predicated on one key condition: our ability to predict the future, or at least be able to
isolate all the possible risk parameters and then either plan for them or eliminate them at
the planning or design stage. BCM, agility with its visibility dimension, demand and
supply management as part of CP all presuppose that we can somehow be able to envisage
an uncertain future. Yet, we have shown that supply chains as CAS demonstrate nonlinear
behavior, and predictability is limited (Choi et al., 2001, Wycisk et al., 2008). If one can
predict system evolution and future problems of the system with some certainty at the
design stage, then efficiency and engineering resilience strategies would seem
appropriate. If the reverse is true, the long-term stability of a system with high
engineering resilience may be in doubt because such systems tend to be rigid and unable
to adapt making them vulnerable to both internal and external shocks. There are other
reasons to suggest that engineering resilience alone would be insufficient. First, managing
for efficiency may actually breed a culture of short-term thinking. Second and related,
there may be a loss of resiliency because the functional diversity of a system diminishes as
engineering resilience increases.
In the end, engineering resilience can allow agents to recover quickly from a disruption.
This, however, may be at the expense of long-term stability and performance of the supply
chain. Agility promotes quicker response, but reductions of slack in the supply network also
reduces the margin for error, thereby amplifying disruptions, making firms more
susceptible to vulnerability in the long term because the approach substitutes efficiency for
wider recovery options in the event of a shock to the system (Zsidisin and Smith, 2005).
Other resilience forms may therefore be needed to supplement engineering resilience to
cushion some of the limitations of engineering resilience discussed here. Therefore, the
following is proposed:
P1a. Efficiency-based SCRES elements are positively associated with engineering resilience.
P1b. Engineering resilience is positively associated with recovery after a disruption.
P1c. Engineering resilience is a necessary, but not sufficient, condition for SCRES.
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Ecological resilience
Managing system-wide response requires adaptive behaviors and coordination between
members of the network. Behaviors and capabilities relating to adaptive capability are
more consistent with ecological resilience. Ecological resilience is measured by the
“magnitude of disturbance a system can sustain before a change in system control and
structure occurs” (Holling, 1996, p. 33). This form of resilience relies on adjustments to
system processes as a means of managing overall system integrity and favors resistance,
and the engineer’s search for “fail-safe” as the design goal. Unlike engineering resilience,
ecological resilience is defined not by how long it takes a system to bounce back after a
shock, but by how much disturbance the system can take while remaining within some
critical threshold. Ecological resilience is about adaptation. As Davoudi (2012) noted, a
critical difference between ecological and engineering resilience is that while the latter
accepts the existence of a single, stable equilibrium state, the former acknowledges the
existence of multiple equilibria and the possibility of systems to flip into alternate stability
domains. Supply chain actors can use a number of strategies and capabilities to manage
adaptation to promote system-wide recovery.
Ecological resilience can be maintained using functional redundancy and a diversity of
system components. Gunderson and Holling (2002) defined functional redundancy as the
“diversity of the responses to disturbance among the species or actors contributing to the
same function in social-ecological systems.” Functional redundancy implies the presence of
multiple components that can perform the same function so that a failure of one component
is not fatal to the system as other components in the system can compensate for the loss in
the system. Redundancy opens up the response diversity of a system. Response diversity
enhances resilience because it opens up options.
Related to supply chains, redundancy involves the strategic use of spare capacity and
inventory to manage disruptions (Christopher and Peck, 2004). Redundancy duplicates
capacity, which can be used during a disruption, thereby increasing flexibility and
facilitating response during disruptions. Operational slack, a form of excess capacity, has
been found to lower the likelihood that negative stock market reaction will occur during a
disruption (Hendricks et al., 2009). Other researchers have also emphasized flexibility in the
form of safety stock and excess capacity as a strategy for mitigating the negative impact of
supply chain disruptions (Tang, 2006; Azadegan et al., 2013). Sheffi’s (2005) account of the
impact of Hurricane Mitch in 1998 on Chiquita and Dole, two competing firms, is revealing.
His account shows that the impact of Hurricane Mitch on banana supplies for Chiquita and
Dole was different. Dole lost 25 of its global banana suppliers because of the hurricane, but
because Chiquita had more varied suppliers from such far-flung places as Ivory Coast and
Australia, it moved quickly to leverage these other suppliers. Biggs et al. (2015) argued that
redundancy is more valuable when response diversity of a system is higher, especially
where the components providing the redundancy function also react differently to change
and disturbance. As the Chiquita example demonstrated, the hurricane in South America
did not affect banana producers in West Africa and Australia. The lesson here is that firms
can build redundancy into their supply chains to enhance their ecological resilience (Fiksel,
2003; Pettit et al., 2010). Of course, redundancy as a strategic option for increasing
resilience comes at a cost: it may promote some inefficiency and higher transaction costs
because of capacity duplication (Rice and Caniato, 2003) and, unless there are disruptions,
there is underutilization of resources. Sheffi (2005) suggested ways that supply chain
members can build redundancy into supply chains without increasing costs by using
flexible contracts and by using standard, rather than special parts, amongst others.
Despite the inherent costs of using diverse response options, the nature of the dynamic
environment in which supply chain networks as CAS operate makes having these
additional options a good strategic option.

Second, supply chain actors can create the conditions for self-organization in the supply
chain as a means for enhancing ecological resilience. As CAS, supply chains exhibit
self-organization and emergence (Choi et al., 2001; Nilsson and Gammelgaard, 2012).
Self-organization involves the rise of emergent phenomenon. Related to supply chain
networks, ecological resilience emerges when individual decisions made at the firm level by
agents (firms) generate new structures at the system or supply chain level. Clearly, some
agents may have more advantage or power than others may, but the key here is they still
cannot control the supply chain in its entirety. As Geng et al. (2014) noted, no single firm
controls the resilience of the entire supply chain. All firms in the supply chain have the same
goals: produce quality, satisfy demand and make profits. Each tries to achieve these goals
individually and that process produces a collective outcome for the system as a whole.
In complexity theory terms, the common desires may be similar to the concept of
“attractors.” According to Coleman et al. (2007), attractors represent the long-term dynamics
of a system so that whatever the initial conditions, systems over time get “attracted” to the
attractor in their basin.
Although no individual firm can control what happens to resilience as an emergent
aspect of supply chains, emerging research in dynamical systems theory (Coleman et al.,
2007) may offer some guidelines to how the actors can at least facilitate individual actor
behaviors that lead to the emergence of collective outcomes. Two concepts are important
here: attractors and attractor basins. Coleman et al. (2007, p. 1458) defined attractors as “a
state or reliable pattern of change toward which a dynamical system evolves overtime and
to which the system returns after it has changed.” In generic terms, an attractor refers to a
subset of potential states or patterns of change to which a system’s behavior converges
overtime. Robinson (2005) suggested that we can think about an attractor as the starting
point of a system’s dynamic behavior, an equilibrium state. For example, all supply chain
actors are desirous of maintaining stability and performance in the face of disruptions.
Attractors, in effect, represent the long-term dynamics of a system so that whatever the
initial conditions, the system overtime gets “attracted” to the attractor in its basin
(Goldstein, 2008). Basins of attraction can be likened to current system behavioral states.
Attractors develop in dynamical systems in which the state of each element depends on, and
is influenced by, the state of other elements much like CAS and supply chain networks. The
concept of attractors has been used to study the long-term behavior of supply chains
(Holstrom and Hameri, 1999). There are at least three management implications for SCRES
from the properties of attractors.
First, the wider the basin of attraction, the greater the range of capabilities and options
available to the actors. For example, supply chain actors can be encouraged to use flexible
sourcing strategies such as supplier contract flexibility, adaptability strategies such as fast
re-routing (Fiksel, 2003; Sheffi, 2005; Peck, 2005) to remain within a basin. Second, the depth of
the basin of attraction provides an index of how difficult it will be for actors to adapt when
faced with turbulence and supply chain vulnerability. Using a common ball and bowl heuristic
favored in dynamic systems theory (Goldstein, 2008), if one tries to push a ball uphill out of a
narrow basin, the ball will roll back to the basin in as soon as that effort is relaxed. If, however,
there is sufficient push to dislodge the system from its current attractor state in a wider bowl,
the system will gravitate toward another attractor. Finally, it may also be possible to build
“desirable” attractors into the system as well as influence the attractor to which a system
gravitates. As Seel (2008) noted, it may be possible to influence the nature of the attractor
which the system “chooses” in social systems. For example, encouraging supply chain
members to develop capabilities for flexibility, a culture of risk management and a greater
ability for change would be tantamount to influencing the nature of an attractor.
Third, firms can use system-wide flexibility, not just strategic flexibility based on the
choices of individual agents to enhance ecological resilience (Stevenson and Spring, 2007).
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Flexibility reflects the ability of a system to respond rapidly to changes occurring inside and
outside the system (Garavelli, 2003). Flexibility is both similar to, and can be an alternative
to, redundancy. Supply chain actors have built product development, manufacturing,
logistics and information system flexibility (Kumar et al., 2006), common parts and modular
designs (Pettit et al., 2010; Christopher and Holweg, 2011) as means for managing
disruptions. Sheffi (2005) described how Intel used flexibility effectively during the SARS
scare that struck Asia in 2003. By building its fabrication plants to the same exact
specifications, Intel was able to create interchangeable processes and fabrications
throughout the world. Marchese et al. (2012) also reported that after the 2011 Japanese
tsunami, companies with flexible manufacturing and supply chain capabilities generally
recovered more rapidly than their non-flexible counterparts did. For the most part, the
literature on flexibility has emphasized properties of individual actors, rather than systemlevel flexibility. However, both firm and system-wide or supplier network flexibility are
important (Kumar et al., 2006; Krajewski et al., 2005).
Finally, a supply chain’s capacity for ecological resilience can be promoted by building
its adaptive capacity through adaptive management strategies. According to Walker et al.
(2004), adaptive capacity involves “(1) making desirable basins of attraction wider and/or
deeper, and shrinking undesirable basins (2) creating new desirable basins, or eliminating
undesirable ones; and (3) changing the current state of the system so as to move either
deeper into a desirable basin, or closer to the end of an undesirable one.” Adaptive
management provides a framework for learning about a system in a way that enhances the
capacity for identifying and reducing uncertainty and surprise (Garmestani et al., 2008).
The goal of adaptive management is to build the capacity to reorganize the system within
desired states in response to changing conditions and disturbing events (Walker et al., 2004).
A key part of adaptive management involves an iterative process of decision making,
designed to identify and reduce uncertainty and surprise (Benson and Garmestani, 2011).
At some level, adaptive management involves sense making (Weick, 1988), a process that
allows managers to use information they get about the system to adapt to changing
situations as management tries out interventions and learns what works and what does not
(Garmestani et al., 2008). Empowering all firms in a supply chain network to become
co-owners and to make local decisions as they get new knowledge and information about the
supply chain would go a long way in promoting the ecological resilience of the supply chain.
Marchese et al. (2012) suggested that companies with resilient supply chains have clearly
defined governance structures with clear accountability. In sum, ecological resilience
promotes overall system response as it enables agents to adapt their response to
disruptions. Therefore, the following is proposed:
P2a. Adaptive SCRES capabilities are positively associated with ecological resilience.
P2b. Ecological resilience is positively associated with system-wide persistence and
recovery after a disruption.
P2c. Ecological resilience is a necessary, but not sufficient, condition for overall SCRES.
Evolutionary resilience
Once the long-term impact of a disruption has settled in, opportunities exist for supply chain
members to evaluate whether the pre-disruption resilience of the network as a whole was
satisfactory or not. It may become necessary to move the network to a new desirable state
and that requires not just adaptive behavior but transformation. Indeed, adaptive strategies
are relatively conservative, specific and local; they address a potential threat and
vulnerability and adjust the system as a response to that threat. These strategies serve to
maintain or return the system to the previous order or one similar to it (Redman, 2014).

Growth and movement to a better position post-disruption may require renewal and a set of
capabilities more consistent with the third form of resilience: evolutionary resilience (Simmie
and Martin, 2010).
Evolutionary resilience has been defined as the ability of a complex socio-ecological
system to change, adapt and transform in response to stresses and strains, whether external
or internal (Carpenter et al., 2001). Based on that definition, a supply chain with evolutionary
resilience is one that is able to transform to a new and better state after a disruption that
pushes the system beyond its current threshold. Very few systems are likely to revert to
their initial condition after a disruption and renewal may require a fundamental alteration of
a system once the current conditions become untenable and undesirable (Walker et al., 2004).
The presumption here is that such systems may not bounce back to what they were
before an event but rather transform into a new system. Indeed, this conceptualization may
have greater promise for our understanding of supply chain stability because unlike
engineering and ecological resilience, the notion of a single equilibrium is rejected in favor of
uncertainty, adaptability, transformation and how these intertwine in a dance of continuous
change and instability. These descriptions seem more like the realities that supply chains
face today. Evolutionary resilience may be more helpful in accounting for how supply
chains transform into a “newer and improved state” following a disturbance because
moving to an improved and newer position after a disruption entails more than adaptation;
it may require transformation and resource reconfiguration (Ambulkar et al., 2015).
Transformation involves “potentially fundamental change and the strategy is to allow a
system to reconfigure itself by introducing a new set of dynamics that operate within
specified desirable values over a long term” (Redman, 2014, p. 2).
Evolutionary resilience is different from the two prior forms of resilience in three key
respects. First, it challenges the notion of system equilibrium, something both engineering
and ecological resilience accept. Second, and related, it accepts that systems may change
without external disturbance and that change can happen because of internal stresses
within the system itself. This is important given that most of the existing literature on
SCRES seem to ascribe disruptions to external risk and disruption. Finally, in keeping with
our conceptual framework, evolutionary resilience accepts that systems are “complex,
nonlinear, self-organizing; they are permeated by uncertainty and discontinuities.” (Berkes
and Folke, 1998, p. 12). One similarity between ecological and evolutionary resilience is that
human agency plays a key factor in the sense that actors can use purposeful behavior to
manage resilience. Supply chain actors can use several strategies and capabilities to
enhance evolutionary resilience (Olsson et al., 2004).
First, social memory, the area in which captured knowledge about system change and
adaptation is stored and subsequently used to deal with future change (Berkes et al., 2002),
is important. Social memory is important for linking past experiences with present and
future policies (Westley, 2002). Past changes and the responses that were used are stored in
the social memory of individual actors who, if they are in social networks, become
repositories of knowledge that is then used during critical times in the system as a whole.
In a supply chain, this points to the necessity of building multiple layers of relationships
between key boundary people in firms within the supply chain. Second, trust, specifically
goodwill based, among supply chain partners is important. When present, trust reduces
risk, promotes collaboration, creates a sense of community and makes social life predictable
(Cook, 2003). Existing research has shown that trust is an important social factor in
determining agent behavior in CAS (Kim, 2009). Indeed, the presence of environmental
uncertainty makes trust necessary (Iacobucci and Hibbard 1999), and trust has been
mentioned as an important ingredient in supply chain relations (e.g. Ghosh and Fedorowicz,
2008; Sako, 1992). Building trust in networks requires investing in social capital. Social
capital is made up of information, trust and norms of reciprocity inherent within social
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networks (Woolcock, 1998). Both social capital and trust have been identified as a glue for
adaptive capacity (Adger, 2003) and social capital has been shown to strengthen supplier
relationships (Uzzi, 1997).
Third, collaboration, the ability to work effectively with other firms, is another important
tool for building a supply chain’s capacity for growth and renewal (Pettit et al., 2013).
Collaboration allows actors to deal more effectively with major issues that sit within an
inter-organizational domain, which may not be tackled by any organization acting alone
(Vangen and Huxham, 2003). Collaboration builds a system’s adaptive capacity (Folke et al.,
2005), facilitates the creation and sharing of knowledge in a supply chain (Christopher and
Peck, 2004), encourages agents to support each other during a disruption ( Jüttner and
Maklan, 2011) or better avoid disruptions by sharing information, using joint decision
making, aligning incentives and communicating collaboratively (Cao et al., 2010).
Sheffi (2005) reported that SEMATECH, a global consortium of semiconductor makers,
created a Critical Materials Council (CMC) after a 1993 fire at a Sumitomo chemicals factory
threatened 50 percent of the world’s supply of an input used to encase silicon chips.
The CMC has gone on to monitor such things as the impact of political instability in Zaire on
the supply of cobalt. Fourth, and related, is informal networks. The building of informal
networks can prove critical especially during times of rapid change, as networks will have
the flexibility to share novel ideas rather quickly. As Kettl (2000) noted, informal social
networks do not completely replace the accountability that exists within hierarchies, but
complements them.
Fifth, individual and organizational learning is another important requirement for
preparing for transformation (Folke et al., 2005). CAS are capable of learning (Choi et al.,
2001; Pathak et al., 2007). Agents in CAS learn by obtaining information from their
relationships within the system as well as from the environment. The capacity for such
learning allows the agents to modify their capabilities and change their schema to improve
their fitness levels and performance (Tukamuhabwa et al., 2015). Garmestani et al. (2014)
noted that a key area of learning in CAS is to know what constitutes the critical thresholds
of the system with the goal of preparing the system for adaptation and resilience. Learning
on the part of each supply chain member is especially important since effective learning will
improve their organization’s capacity to take corrective action, as learning is important for
dealing with ill-defined problems in dynamic systems (Nonaka and Takeuchi, 1995).
At the system level, learning that questions existing fundamental assumptions will
prepare the system to adapt to new positions after a disruption. Ruhl et al. (2005) observed
that processes that generate learning and knowledge of the dynamics of the system are
useful in developing the social capacity for responding to change. Supply chain actors must
engage in “double-loop learning” (Argyris, 2001) in which basic underlying assumptions,
norms and objectives are questioned to stimulate new learning about the system after a
disruption. Double-loop learning requires a new mental model as old assumptions are
rigorously challenged. It also enables a system to identify whether its mission and principles
are still appropriate under the current circumstances. This should be especially important in
supply chain management since the actors may need to question some of their old models
about resilience. Prior research has, in fact, documented that organizational learning
enhances SCRES by aiding adaptation and through modifying resilience strategies
(Ponomarov and Holcomb, 2009; Pettit et al., 2010).
Leaders can help trust building, system learning and provide the impetus for
system-wide collaboration. Visionary leaders in supply chains networks have the capacity
to overcome contradictions, create new syntheses and change people’s mindsets to be more
in tune with the new reality after a disruption (Westley, 2002). Leaders who adopt what Kim
and Mauborgne (2003) called “tipping point leadership” may be particularly effective when
there is the need for a transformation in the supply chain network after a disruption.

The theory hinges on the insight that in any organization, fundamental changes can
occur quickly when the beliefs and energies of a critical mass of people create an
epidemic movement toward an idea. Tipping point leaders overcome the resource,
cognitive and political hurdles that often frustrate change and renewal. Therefore, the
following is proposed:
P3a. Collaborative SCRES elements will be positively associated with evolutionary resilience.
P3b. Evolutionary resilience will be positively associated with supply chain transformation
and growth.
P3c. Evolutionary resilience is a necessary, but not sufficient, condition for overall SCRES.
Managing resilience: integrating resilience types and supply chain resilience
The three resilience types presented in the conceptual framework are not mutually exclusive
because several of their antecedents are interrelated. For example, constructs such as
efficiency and agility are related, while redundancy and collaboration may be implying
behaviors that are contrary to efficiency and some key capabilities identified may in fact
complement each other. Clearly, there are synergies and tradeoffs as we combine resilience
types to manage the overall resilience of a supply chain.
A resilient supply chain must have the capacity to manage both the pre-disruption and
post-disruption phases, including the possibilities for renewal and growth. In an ideal
situation, it would be best for supply chains to have all the resilience capabilities we
discussed. However, the discussion so far suggests that certain types of resilience may be
achieved at the expense of others. There are some incompatibilities and possibilities for
complementarity among and between the resilience types. For example, redundancy is a tool
for fostering adaptation and ecological resilience but has inefficiencies. The challenge then
is how to negotiate the inevitable tradeoffs inherent in these resilience types as well as
explore the possible synergies in combining them.
First, there may be synergies in combining engineering and ecological resilience.
A supply chain that is efficient and has contingency plans may be better placed to meet
customer demands and reduce loss in the event of a disruption. Recovery is especially
important since customer needs and business demands still need to be met even with a
disruption. For example, the use of buffer stock may be the best way of managing a
disruption. More important, a supply chain that is designed for quick recovery has a better
chance of using adaptive behaviors and system-wide coordination to develop response
strategies in the event of a disruption. A supply chain with a weak recovery capacity and,
by implication, lower business and customer fulfillment during a disruption is less likely to
promote system-wide collaboration and recovery.
Second, we can design supply chains to balance the tradeoff between efficiency and
redundancy (Christopher and Peck, 2004). For example, we can manage SCRES by
determining when each resilience type is most likely to work in promoting recovery and
response. For example, engineering resilience may be a preferred option when the
environment is stable enough for the actors to predict changes in system behavior or when
they can control both internal and external sources of variability. Satisfying both conditions is
challenging but not impossible to do. For example, the CMC of the global semiconductor
manufacturers mentioned earlier monitors all the different facets of semiconductor and
electronic supply chains. The council goes as far as examining shifting patterns of R&D
investment and capital expenditures to understand future material supply needs and works to
develop alternative sources of supply. The council is known to carefully monitor and collect
monitoring data including political instability in supplier countries (Sheffi, 2005). This sort of
intimate and detailed knowledge about a supply chain may favor optimization approaches.
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Of course, there are limits to the adequacy of engineering resilience even under those
circumstances and these have been explained elsewhere in the paper. For, it is not if but when
a disruption that eventually breaks a system’s resistance occurs and engineering resilience
would not be enough. To recap those arguments briefly, supply chains designed to keep costs
low in stable business environments can increase risk during disruptions (Fiksel et al., 2015)
and it is not always easy to do the risk assessments and predictions upon which engineering
resilience depends. Ecological resilience becomes more useful when prediction is low and our
ability to control variable sources of disruption low and building flexibility into such a system
would be helpful. Indeed, applying the ecological strategies discussed earlier, such as
flexibility and system redundancy, allows such a system to safeguard itself against
catastrophic failure when the system’s resistance is broken. Flexibility allows supply chains to
more easily deploy alternatives during a disruption (Pettit et al., 2013) and managing
disruptions in all tiers of a supply chain clearly requires coordinated behavior and the
deployment of adaptive behavior.
Third, there are tradeoffs that need to be made between ecological and engineering
resilience because some aspects of efficiency and ecological resilience are incompatible. For
example, response diversity strategies such as functional redundancy are important
qualities of adaptive behavior. In fact, keeping an inventory buffer may be one of the best
ways of meeting demand during a disruption (Sheffi, 2005). However, redundancy includes
waste as it may involve duplication of capacity. Indeed, redundancy may be an expensive
means for building SCRES (Christopher and Rutherford, 2004). Worse yet, unless there is a
crisis, the transaction cost of response diversity may increase substantially. At the same
time, ecological resilience may also come at the cost of efficiency because ecological
resilience requires inter-organizational coordination with the risk of increasing
interdependence and greater risk to the supply chain. Supply chain collaboration can
cause conflict or lead to increased risk through greater interdependence and the sharing of
sensitive information ( Jüttner and Maklan, 2011). Of course, the risks associated with
interdependence may be mitigated in the presence of trusting relations. Like engineering
resilience, ecological resilience has its limits. Walker et al. (2009) suggested that an overly
strong focus on adaptability can undermine the overall resilience of a complex system by
optimizing the system to adapt to a particular set of disruptions but in so doing decrease
resilience to other unknown sources of disruption, suggesting again that there are limits
when it comes to ecological resilience.
Finally, as Fiksel et al. (2015) observed, supply chains actors need to realize that every
disruption represents a learning opportunity that may suggest shifting to a different state of
operations. However, transformation is only possible when the supply chain is able to
recover and respond to any disruption. Since both ecological and engineering resilience have
some limits and some disruptions may require system-wide change or transformation and
renewal, evolutionary resilience becomes a necessity. Building evolutionary resilience may
require a mindset change because both engineering and ecological resilience accept a single
equilibrium as a desirable state of a system. Practically what that means is that firms which
have invested resources on developing several forms of resilience capabilities may find it
difficult to drastically alter their previous behavior and adopt new behaviors. Yet, no system
ever reverts to its status quo-ante after a disruption. Supply chains that have a capacity for
recovery and adaptive response are more able to engage in transformative behavior than
those unable to maintain their existence long enough to begin the processes of
transformation. Evolutionary resilience broadens engineering and ecological resilience to
incorporate the dynamic interplay of persistence, adaptability and transformation across
multiple scales and timeframes (Holling and Gunderson., 2002; Folke et al., 2010). In the end,
firms need all the three forms of resilience. Engineering resilience enables the actors to
recover quickly from disruptions but sustaining that response requires collective behavior

adjustment by other members in the supply chain and the need to develop collective
decisions that can contain the disruption. No individual actor may be able to contain a
disruption all by himself or herself. Ecological resilience assures that the supply chain can
adjust and manage disruptions so the system can recover. Evolutionary resilience becomes
important in the face of change and renewal. To sum up, an ability to deploy recovery
strategies quickly improves the chances for system-wide adaptation. Even as the agents
engage in adaptive behavior, they still need to meet customer needs and so response
capabilities are important. Unless the agents can respond and recover, it may not be easy for
them to engage in transformation. More importantly, a failure to transform after a severe
disruption means that the supply chain cannot move to a new fitness level. The preceding
discussion is the basis for the following propositions:
P4. SCRES is a multidimensional construct: SCRES is composed of engineering,
ecological and evolutionary resilience.
P5. Engineering resilience strengthens both ecological and evolutionary resilience.
The ability for quick recovery allows for greater system-wide adaptation and
renewal in response to supply chain disruption.
P6. Ecological resilience strengthens both engineering and evolutionary resilience
thereby facilitating recovery, response and transformation after a disruption. Supply
chains with adaptive capacity will show greater recovery and ultimately renewal
capacity since adaptation cushions both recovery and transformative behaviors.
P7. Evolutionary resilience strengthens both engineering and ecological resilience by
linking persistence, adaptability and transformation across periods.
P8. A combination of engineering, ecological and evolutionary resilience enhances
SCRES (defined as the supply chain’s capacity to respond, recover and grow after a
disruption) than either resilience type alone.
Conclusions
A resilient supply chain may be able to withstand one set of disruptions and fall vulnerable
to a different set of disruptions for which it is not prepared. The dynamic and evolutionary
nature of supply chains requires actors to focus on all the three types of resilience:
engineering, ecological and evolutionary. It is important to recognize that efficiency,
adaptation and transformation may all be needed for long-term supply chain performance.
One implication of that recognition is that firms need to develop multiple capabilities to
manage supply chain risk and reduce vulnerability to disruptions. Actors should not rely on
just one resilience form for risk management as each has its own limitations. For example,
engineering resilience approaches that rely on risk assessment, mitigation and monitoring
alone may lure firms into a false sense of security. At the same time, adaptive resilience has
its own limits, and the knowledge that all disruption opens up an opportunity for learning
and transformation is important.
Managerial implications
This research has several implications for managers. First, it is important for managers to
develop new mindsets about how they manage supply chains (Christopher and Holweg,
2011). A CAS perspective shows us that supply chains are dynamic systems that are subject
to continuous change and evolution. Such mindset change amounts to a reframing of
perspectives about supply chain stability. As Westley and Antadze (2010) put it, reframing
involves seeing a situation in a new and different way that often enables new possibilities to
emerge. This mindset change is required in three areas: first, the need to embrace volatility
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as a permanent feature of supply chains because these systems may never be at a standstill,
but rather will be changing in nonlinear ways. Supply chain actors must be prepared for
adaptation by embracing change and surprise. Indeed, strategic adaptation may be more
important than planning for resilience alone. Second, understanding the nature and impact
of turbulence and third, the way actors see crisis needs to change because crisis in CAS often
presents opportunities for renewal and it seems some firms are yet to appreciate the need for
learning these lessons. For example, Sheffi (2005) observed that even after such widereaching disruptive events such as “9/11” and Hurricane Katrina, most companies are still
not thinking systematically about managing supply chain risks and vulnerabilities. Second
and related, there is the need to foster CAS thinking among stakeholders in the supply
chain. Complex adaptive thinking means accepting unpredictability and uncertainty as
realities of supply chain evolution. Walker and Salt (2006) observed that even though CAS
thinking alone would not promote resilience, the recognition that such systems are based on
connectivity, interdependence and uncertainty may be a first critical step toward
management actions that foster system resilience. Finally, the lesson from CAS is that it
would not be easy to design any fail-proof blueprint for performance in supply chains and
actors may be better off carefully monitoring the system and making adaptations if and
when they become necessary (Axelrod and Cohen, 2000).
Implications for research
This research has several theoretical implications. There is a need to explore the
multidimensional nature of resilience further. The idea that resilience may vary across time
and space is intriguing and requires further theoretical and empirical exploration. There are
issues on how we design research to explore supply chains as CAS. Pathak et al. (2007)
summarized the unique research design issues that confront the use of the CAS-based
research in general and those recommendations are still useful. These include the unit of
analysis, measurement and methodologies for studying complex supply chain networks.
With regard to measuring SCRES, there is a need to test broader models of resilience since it
is a multidimensional construct. Level of analysis issues are also important since as a
system, the appropriate level of analysis for studying SCRES is the system, not firm level, if
we are to avoid model misspecifications (Klein et al., 1994). Researchers will do well to use
dynamic theories such as CAS since the structure of supply chains are dynamic by nature.
This paper has provided a multidimensional framework for SCRES and extended our
existing understanding of SCRES. Additional refinements and empirical testing of the
propositional inventory generated here will help extend our understanding of how best to
manage supply chains for their long-term stability and performance.
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