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Section 1. Extraction matrix part 1 of 3.

- Type of Problem Title Abstract Purpose Future work Main results found Limitations of the study
Extend this problem to more than one repair team and more than |Feasible repair programs, where a Coordination of two or more
Every year, hundreds of thousands of people are affected by natural disasters. The number of casualties is usually one depot node. Model real-life situations where different relief 'damaged node cannot be repaired teams in the repair of a single
increased by lack of clean water, food, shelter, and adequate medical care during the aftermath. One of the main f;g::gim:tn jnu‘; eﬂ;‘:?ﬂ:gm:w;;,szﬁ::ga « Consider ggﬂmee;e:g;::if:a;?::;‘ na g::‘;g:d;c:? I: Z:ur::lstun
Network repair problems influencing relief distribution is the state of the post-disaster road network. In this paper, we consider the LUty perat g ) ! ag P ider multip! pots i
N N the limited amount of resources available at each depot, and node and the repository. distribution allocation
crew scheduling |problem of scheduling the emergency repair of a rural road network that has been damaged by the occurrence of a natural An th b i f d trained by the need {  the d " d ! h th
Maya-Dugue ) and routing for disaster. This problem, which we call the Network Repair Crew Scheduling and Routing Problem addresses the alyze the problem of emergency repair of |repair decisions are constrained by the need lo meet the deman ecisions. 'n such cases, the
Access Restoration . . 3 ___ |a rural road network that has been damaged |for relief from the cities that become accessible. limited amount of resources
etal., (2018) emergency relief | scheduling and routing of a repair crew optimizing accessibility to the towns and villages that demand humanitarian relief

by the occurrence of a natural disaster

available at each depot must

distribution by repairing roads. We develop both an exact dynamic programming (DP) algorithm and an iterated greedy-randomized be considered, and repair
problem constructive procedure to solve the problem and compare the performance of both approaches on small- to medium- i N
_ _ decisions are constrained by
scale instances. Our numerical analysis of the solution structure validates the optimization model and provides
managerial insights into the problem and its solutions. the need ta meet refief demand
ifrom accessible cities.
Propose the first dynamic response model |Future challenges and opportunities include introducing a routing (Ignoring interdependency between Not considering the hierarchy
The logistical deployment of resources to provide relief to disaster victims and the appropriate planning of these activities |for resource allocation and relief distribution |and scheduling plan, managing the hierarchy of organizations organizations can result in suboptimal |of the organizations involved
are critical to reduce the suffering caused. Disaster management attracts many organisations working alongside each  [that also considers optimization of the involved, and expanding this system to introduce casualty solutions, even using optimization and not extending this system
other and sharing resources fo cope with an emergency. Consequently, successful operations rely heavily on the number of organizations involved. This transport. Integrating the response phase with recovery. models. Gomparison of individual 'to intreduce victim transport.
Dynamic collaboration of different urgamsallons_ Despite this, the{e !s_li“le research considering the app e management of |research contributes l(_J a larger body of agency performance with coordinated [Another aspect is the
formulation for resources frnm multiple organisations, and none optimising the number of actors requlreq to _avmd shnr.taggs or research .|hat emphaslze_s the importance of response perform_ance shows a high adaplal_lom nfth.e model to _
humanitarian convergence. This research introduces a disaster preparedness system based on a combination of multi-objective coordination. The analysis presented here level of noncompliance and excessive (work with real-time information
Rodriguez et respanse optimisation and geographical information systems to aid multi-organisational decision-making. A cartographic model is [demanstrates the impertance of improving cost. Interoperability in the actual and modifying it to provide real-|
Relief Distribution used to avoid the selection of floodable facilities, informing a bi-objective optimisation model used to determine the location|the 1t of different D to activities was critical in reducing the  [time results. The introduction
al., (2018) operations ; P - .
incorporating of emergency facilities, stock prepositioning, resource allocation and relief distribution, along with the number of actors  |provide better support, as no one agency level of noncompliance compared to |of collaborative models for
multiple required to perform these activities. The real conditions of the flood of 2013 in Acapulco, Mexico, provided evidence of the |has the resources to cump\etelyj handle therlndependeht agency cases. The |[disaster recovery and the
organisations inability of any single organisation to cope with the situation ir data showed the disaster situations alone. Dpnmlza_tlon can ability to decide which ms‘_tllmmns are |development of integrated
unavailability of enough resources to manage a disaster of that magnitude at the time. The results highlighted that the |be a valuable tool to create an environment required rather than sending all systems for disaster response
number of government organisations deployed to handle the situation was excessive, leading to high cost without that allows different participants to work potential participants to the affected  |and recovery.
achieving the best possible level of satisfaction. The system proposed showed the potential to achieve better performance|together and achieve better results. area can drive efficient use of
in terms of cost and level of service than the approach currently employed by the authorities. resources and improve operations.
We consider scheduling problems with the new concept of flexible release dates under an online optimization framework. |Select and schedule the restoration of
A flexible release date is one where the traditional release date of a specific operation can be moved earlier in time, [damaged network components over time to
specifically to the completion time of an associated supplementary operation. In this context, we examine two classes of [increase peak flow in the network or,
parallel identical machines: those that perform supplementary operations to alter release dates and those that perfform  [equivalently, satisfied demand. Model when Release dates associated with tasks
Online scheduling installation operations to change the nmnm characteristics. We further consider mumtlunr,nun machlpes that can exterpa\ factors, such as debris and represenlrthe earliest time at whlch
" ’ problems with p;rfo:ﬂ"t:aT sup‘g:jemer;u:y :ndrlnsta\lau:n ugiran?ns. The relea;e dati:; aln upere;t‘lun is often de‘lerrnln:d by eve(ultsl flooding, pmhlbr:lhaccelss to réetwork pr:)cesslnti; canr:)egm By add}r:g " Dev;lo% g;en:‘fl 1:11(30';enca:1
urre an outside the knowledge of the decision-maker. Therefore, we consider scheduling problems in an online setting to model [components with a release date . supplemental machines or specializ, results, distribution rules an
Sharkey, Access Restoration dz:t‘::lb:;;;?ce;?:ns the lack of- and evolution of information about the release dates of tasks. Motivated by infrastructure restoration after an Further examine the mte:;p;;;::t nature of infrastructure multifunctional machines, release policy knowledge for a wide
(2018) to inf extreme event, we consider flexible release dates for an integrated network design and scheduling problem that seeks to B dates are relaxed or become flexible range of programming
o infrastructure
restoration improve m:-:rperformance of a network over time by selecting find scheduling operations that \»flll change the network and can be moved earhgr, specifically problems.
characteristics. To solve these problems, we propose heuristic dispatching rules whose solutions are benchmarked to the completion time of a
against the solutions of a mixed integer programming formulation. Using a realistic infrastructure network, we perform supplemental operation
computational tests; the results of these tests demonstrate the ability of the dispatching rule to find high-quality solutions in
real time and quickly adapt to the arrival of new information. From the analysis of these results, we deduce policy insights
regarding the role of flexible release dates and the machine fleet configuration.
The recovery of physically damaged infrastructure after disasters is critical to efficiently deliver disaster relief supplies and
emergency services. The physical damage to road infrastructure from disasters can result in decreased road link
capacities and an inability to meet the community's emergency demand. This paper provides an infrastructure restoration Computational experiments suggest | While solutions to the problem
plan for delivering critical services after disasters. We present a maximal multiple coverage and network recovery problem that the best recovery strategy isto | provide a plan to restore the
A maximal multiple for the recovery and restoration of infrastructure systems after disasters. In the model, recovery crews make damaged install cnmponent; that are cnnqected most critical components of
coverage and arcs available by repairing components over a time horizon in a disrupted network. The model relocates emergency | Contribute to the effective coverage of the ) ) to the most critical open facility the network, the problem also
lloglu and Access Restoration | network restoration responders using the available arcs in the network to maximize multiple coverage of emergency service demand over the [demand for emergency services and the Consider the interdependence between road infrastructure and locations. Contribute to decision relocates emergency
Albert, (2020) problem for time horizon. We present two heuristics for the model. The first uses the Lagrangian and the linear programming recovery of the network after a sudden emergency services makers in the relocation of emergency| responders using available
disaster recovery relaxation solutions of the problem, and the second uses an integer rounding procedure applied to the linear programming |natural disaster. services and the timing of recovery arcs to improve cumulative
relaxation solution. We test the model using a real-world example representing the road infrastructure and emergency equipment to improve coverage of multiple coverage of the
services of the Bronx Borough in New York, NY during Hurricane Sandy. The results demonstrate that the integer rounding emergency service demand during the demand for emergency
heuristic is effective in identifying near-optimal solutions. Our computational study suggests that our model can aid disaster recovery process senvices
emergency managers in achieving their goals by scheduling effective restoration activities for real-time disaster recovery
and long-term recovery planning.
The accessibility arc upgrading problem (AAUP) is a network upgrading problem that arises in real-life decision processes
such as rural network planning. In this paper, we propose a linear integer programming formulation and two solution
M. The accessibility approaches for this problem. The first approach is based on the knapsack problem and uses the knowledge gathered Major improvements in accessibility , _— "
laya-Duque Little flexibility to deal with
etal, (2013) Access Restoration arc upgrading from an analytical study of some special cases of the AAUP. The second approach is a variable neighbourhood search [ Define the arc accessibility update problem Adequate allocation of scarce resources can be achieved by allocating scarce ‘additional restrictions.

problem

with strategic oscillation. The excellent performance of both approaches is demonstrated using a large set of randomly
generated instances. Finally, we stress the importance of a proper allocation of scarce resources in accessibility

improvement.

resources appropriately.
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Type of

ar Abstract Purpose Future work Main results found Limitations of the study
We provide a comprehensive
In the aftermath of large-scale events requiring humanitarian action, critical infrastructure networks in the affected areas, The main emphasls of the work is on overview of the Iiterature on ngtwurk
. - N network restoration and recovery. Inthe restoration and recovery in
Network restoration| such as electrical power, transportation, telecommunications, water supply, and waste water networks, may be disrupted | . " | long term post-event, activities to humanitarian operations, and provide New developments for
and recovery in | by the devastating impact of the event. In the short and long term following the event, activities to return these networks to retur these networks to prédlsasler a framework for conswde;'ing this body seemingly unrelated problems
humanitarian the pre-d\sas{e( yvurkmg state include debris clearance and dispu‘sal‘ infrastructure repair, ng?work reconstruction, road working order include debris removal and Inverjtury pre_pusrtluning problem, whelrg pre-disaster decisions of of lterature. We categorize the studie: and methods (pqrticular\y in
Celik, (2018)| Access Restoration operations: repair and rehabilitation, anq Snow Femoval The costly and complicated nature of mege activities has led to an increased disposal, infrastructure repair, network fa:\\y location and inventory prepnsmnmng may be affected by according to the probl d network : that can
v Framework, level of interest regarding this field in the OR/MS literature over the recent years. In this study, we present the results of a recuhsxml:lian road repair and post-disaster network vulnerability and repair, as this also affects major decismnsrobjectives models ’| be applied directly or with
literature review, | comprehensive overview of the literature on network restoration and recovery in humanitarian operations, and provide a rehabilitation and snow removal A relief transportation decisions and methods of solving these  |miner modifications to network
and research  |framework to consider this body of literature. We classify the studies in terms of the problems addressed, main decisions, comprehensive r‘ewew of recent papers on problems. Possible directions for restoration problems in
directions objectives, models, and solution methods for these problems. Based on angoing work, we also underline potential Petwork restoration and recovery in the future research by peinting out gaps | MUmanitarian operations
directions for future research by pointing to the gaps between the needs in the field and the existing body of literature. context of humanitarian operations. between needs in the field and the
existing body of literature
Lack of documents that: consider demand-side costs in their
proposed model objectives; deal with uncertainty in funding,
budget, asset and supply quantities, and infrastructure; consider
prepositioning as a risk mitigation strategy, consider reliability to
Prepositioning of assets and supplies prior to a disaster strike accelerates the response activities as it reduces the supply m:ﬁ: 2:: Of:f:’ ::E‘E":‘e;ﬁrzf’sf:;n::g ;;;T::f‘[febf;igne'
chain burden associated with humanitarian relief items. Unlike prior survey papers on pre-disaster and post-disaster preposm::l?ng snpplm: and ;assels to address an anticipated
humanitarian logistics, our paper has a specific focus on prepositioning of assets and supplies in the domain of natural disaster. Tailored madels for specific disasters, consider Consider demand-side costs
Prepositioning of disasters. The first aim of our paper is to review the main Operations Research and Management Science (OR/MS) priorities among supplies for different types of disasters. Lack of in the model's objectives.
assets and Jjournal papers published between 2000 and 2018 on this topic. We have statistically analyzed these papers based on Prepositioning assets and supplies prior to a| papers that consider demand-side costs, i e, a signiﬂcénl gap Considering supply priorities
Sabbaghtork supplies in disaster| contributions in _drfferemjuum_a\s number of papers per year, and type of disaster. We have also categorized the papers disaster attack accelerates response we note is that most model objectives are hulll from supply-side Prepositioning of assets and supplies | can help local and national
anetal Relief Distribution operations bas?d on their d"eclsmn variables into three categories: Allocation papers (“A"), Location papers (“L"), and L?cal_\un— activities by reducing the supply chain costs and rarel include demand-side costs (unmet demand prior Iu_a dl_saster Specific review for | agencies manage l{]ewr time
(2020) management: | Allocation papers ("LA"). After that, we have assessed our current literature based on some of the methodological issues burden associated with humanitarian relief | penalty, deprivation, uliity social welfare). Very few reviewed prepositioning of assets and supplies and budget effectively to
Review and in Humanitarian Operations that gathered by Kovacs and Moshtari (2018). The second aim of our paper is research gap tems arliclés address feliabilny by resorting to risk measures inLH. achieve better results for both
research gap identification. Qur key findings in this domain are that there is a lack of papers that: consider demand-side costs in their B Prepositioning of medical personnel and emergency crewsrws a demand and supply. Consider
identification proposed model objectives; deal with uncertainty in funding, budget, asset and supply quantities, and infrastructure; common practice in severe humicane events, however, to our the limitation on the quantity of
cnngldgr\ng plesos:‘;nmr‘lg a;a ndsk mitigation strateg;, take re:::!:;\eﬁy into account for redlfc_lng lhe'nskofrloss ‘;nnslder knowledge, there is no study of this in the CL:IITEI'It revi;awed products that can be procured
prepositioning of medical staff and emergency crew; discuss t st time to start prepositioning of supplies and assets N .
in confronting a foreseen disaster, use social media to better prepare for upcoming disasters. pf:;:;r:‘;:e;:;u;: gzzﬁ:gg l‘::g:‘f;ﬁ?eo;::: nr;#nnébfsr:c'h
as uncertainty in the availability of the transportation network and
uncertainty in the level of damage to facilities). Finding the best
time to begin placing supplies is a challenge for emergency
managers when dealing with a predicted disaster.
In practice work crews do not
The completion of every disaster rescue task performed by repair work teams relies on the in-time supply of materials to ;er‘t;jr:e;itu:e:;::;:‘ :t;n?x:]
the rescue workers. Up to now, logistical support planning for emergency repair work in Taiwan has been done manually, The integration of the work team and the scheduling of logistical and other resources ére
Optimal scheduling| which is neither effective nor efficient. To remedy the problem, this study presents a logistical support scheduling model support can be investigated in the future. Certainly, if more than supplied o work crews by
Yan & Shih. | Access Restoration and| © €Mergency [ for the given emergency repair work schedule. The objective is to minimize the short-term operating cost subject to time | Simuttaneously plan emergency road repair | - one mode of trar Vis to be i  a multi Planning for emergency road repair | .- support units: therefore.
(2009) " Relief Distribution roadway repair and| constraints and other related operating constraints. Thl? medel is formulated as an integer multiple- n y network | for st quent relief distribution on a road |network may be investigated in the future. In practice, wgrk crews| and relief distribution after a natural such logistical support is m)l’
subsequent relief | flow problem which is characterized as NP-hard. A heuristic algorithm, based on the problem deCUlTIDDSI‘IC!I‘I and variable network. do not return to their work stations and other support units supply disaster. included in our model.
distribution fixing techniques, is also proposed to efficiently solve this problem. Computational tests are performed using data from rescue machinery, fuel, and other resources to the work crews; Consider more than one mode
Taiwan's 1999 Chi-Chi earthquake. The results show that the model and the solution algorithm would be useful for the therefore, this logistical support is not included of transportation, then a mult-
logistical support scheduling mode network may be
investigated in the future
A mathematical Thi . 5 .
model for post- is paper focuses on the planning af road restoration eﬁa!'ls during dlsagler response and recovery. The primary Planning for raad restoration efforts during Make all locations in the affected area | They do not include detailed
Tuzun & disaster road objective is to maximize network accessibility for all locations in the area during the restoration process so that survivors disaster response and recovery The | It does not include detailed travel routes for the restoration teams accessible for relief and evacuation. |travel routes for the restoration
Ozdamar Access Restoration restoration: are evacuated and ma.d sn_ie debris is removed as soon as pnisswb\g, We propose a dynamic path based mathemat\c_al primary goal is to maximize network in each district, thus avoiding the solution of the multiple vehicle The regﬂ.mlmn process is carried out 1eam§ in each d\5.tnt1, thus
(2014) N Enabling B model that identifies criticality of blockages and clears them with limited resources. This model is more efficient than link accessibilty for all locations in the area N routing problem with a limited number of teams during |  avoiding the solution of the
N based models and can solve restoration problems for realistic size networks within reasonable time. Algorithm N the first 3 days of response to multiple vehicle routing
au;ii‘s:ﬁ;:m performance is demonstrated using two instances based on districts in Istanbul. during the restoration process. maximize the survival rate. problem
After a disaster, supplies must be efficiently and equitably distributed to those in need, wounded persons must be
Vehicle routing and | evacuated to triage centers, and relief workers must be transported to affected areas. This complex humanitarian relief Coordination of multiple
Alted & resource problem requires the coordination of numerous vehicles of varying capacities to transport goods, disaster victims, and  |Coordination of heterogeneous type vehicles Incorporate additional practical logistical operations, such as the heterogeneous vehicles to facilitate Assignment of vehicles and
Muiray Relief Distribution dislriblulion in volunteer workers through a netwnr}( of roads, some of which may be \mpass;b\e To address this problem, a detailed to facilitate three \ngisticla\ operations, allocation of vehicles and work crews for debris’ removal three logistical operations, ir\cluding work equipment for debris
(2017) postdisaster mathematical programming model is presenledr Owing to the complexity of this fnrmulallpn, only small-;ca\e problem including commodity delivery, casualty Evaluate the stochastic nature of relief operations. ) the delivery of commodities, removal
humanitarian relief | instances may be solved optimally via commercial solver software. Therefore, a new heuristic app is prop to 1 and personnel transfer. evacuation of the wounded, and
operations solve problems of practical size within acceptable time restrictions. The performance of the heuristic is evaluated for

NUMErous representative test instances.

transfer of personnel
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o Type of Problem Title Abstract Purpose Future work Main results found Limitations of the study
This paper presents a novel Capacitated Vehicle Routing Problem with Time-Dependent Demand (CVRP-TDD) applied to
humanitarian logistics. This is a problem where the demand is time dependent and the objective is to maximize the total
Column Generation| satisfied demand. When a disaster strikes a territory, the people go directly to shefters. If they do not receive the first aid, | Presents a new capacitated vehicle routing
based heuristic for | water, food, etc. They tend to flee out of the shelters looking for the aid outside of the affected area. This mobilization of problem with time-dependent demand A novel problem in hi ! fleet of
Victoria et al., Relief Distribution the Vehicle Routing| people generates an increase in the chaos already caused by the disaster. The aid must arrive at shelters as quickly as (CVRP-TDD) applied to humanitarian Limited resources logistics is proposed where demand is vehicles and elements of
(2016) Problem with Time{ possible to stop this mobilization. We developed a mixed integer linear program (MILP) and a column generation (CG) logistics. This is a problem where the time- due to the v inty in the model.
Dependent algorithm where the promising columns are generated using dynamic programming (DP). In CG algorithm, two demand is time-dependent and the objective of people trying to flee the nodes. )
Demand dominance rules and one heuristic are proposed to solve the problem. The algorithm is tested on small and medium is to maximize the total satisfied demand
instances. CG gives good bounds and find more optimal solutions than those reported by MILP in less than one hour.
Also, we show that the heuristic improves significantly the solution time.
This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits
i use, , and rep in any medium, provided the original author and source are credited. The
schedule of urban road network recovery caused by rainstorms, snow, and other bad weather conditions, traffic incidents, Propose:an optiral schedule f?’ ghe [enow
and other daily events is essential. However, limited studies have been conducted to investigate this problem. We fill this 9 the yban foad betwork with ivicd repalr
= 0 P resources. The classification of critical links Allocation of limited resources to
gap by proposing an optimal for urban road network repair with limited repair resources based on the will be changed along with the repair rminimize the cumulative travel cost of
An optimal greedy algorithm. Critical links will be given priority in repair according to the basic concept of the greedy algorithm. In this e P 5 The specific repair time of the
% 5 process due to the interaction between the entire road network along with the | * .
schedule for urban | study, the link whose restoration produces the ratio of the system-wide travel time of the current network to the worst & different damaged links and
Luetal, ? B 2 = . i Lo . links. We repair the most critical link for the oy restoration of the damaged link- %
Access Restoration |road network repair network is the minimum. We define such a link as the critical link for the current network. We will re-evaluate the 4 Use more than one repair kit. the time the crew travels from
(2016) 4 specific network state based on the greedy Timing of urban road network recovery
based onthe  |importance of damaged links after each repair process is completed. That is, the critical link ranking will be changed along . one damaged link to another is
algorithm to obtain the optimal schedule. caused by storms, snow and other
greedy algorithm with the repair process because of the interaction among links. We repair the most critical link for the specific network % ., not considered.
5 i : 5 The research focuses on how much link adverse weather conditions, traffic
state based on the greedy algorithm to obtain the optimal schedule. The algorithm can still quickly obtain an optimal
restoration can contribute to the road incidents and other daily events
schedule even if the scale of the road network is large because the greedy algorithm can reduce computational ok DaTOrmance by vkt the
complexity. We prove that the problem can obtain the optimal solution using the greedy algorithm in theory. The algorithm pel critical Ilnz g
is also demonstrated in the Sioux Falls network. The problem discussed in this paper is highly significant in dealing with )
urban road network restoration.
They propose a multiple depot location
routing model considering network failure,
multiple vehicle uses, and standard relief
time. The model determines local depot
A humanitarian locations and routes for last mile distribution
logistics model for after an earthquake. Consider the possibility
disaster relief |We propose a multi-depot location-routing model considering network failure, multiple uses of vehicles, and standard relief| of road destruction in a real transportation
operation time. The model determines the locations of local depots and routing for last mile distribution after an earthquake. The network using GIS data, multiple vehicle Detesrimistion of ol desict locaBions: | 1:does niok e opesiions
Ahmadi et al., Relief Distribution considering model is extended to a two-stage stochastic program with random travel time to ascertain the locations of distribution uses, and some penalty costs for unmet NewaTk s ot for bk mil:‘:i) stribution e estp:re e
(2015) network failure and | centers. Small instances have been solved to optimality in GAMS. A variable neighborhood search algorithm is devised to | demand. The contribution of this paper is to L aﬂegr g 55 g i e S o
standard relief solve the ic model. Cor results of our case study show that the unsatisfied demands can be provide a mathematical model for o P
time: A case study significantly reduced at the cost of higher number of local depots and vehicles. humanitarian logistics operations
on San Francisco considering the possibility of road
district destruction in a real transportation network
using GIS data, standard relief time
constraints, and a standard quantity of relief
items needed for each person and a penalty
cost for unmet demand.
Effective recovery and restoration of infrastructure systems play a crucial role in recovery after disasters. This issue is
particularly critical when time-sensitive services and . Damage to infrastructure can lead to
disruptions and diminished capacity to respond to emergencies. We model the interdependencies between infrastructure
systems and service providers as a network model, where emergency responders deliver critical services while network No consideration of
Anintegrated  |recovery crews repair damage to critical infrastructure. We present a novel extension to the P-median problem, where the 5 :
3 A > § g " & transportation restrictions,
network design and| objective is to minimize the cumulative weighted distance between the emergency responders and the calls for service | They present an integrated restoration and ‘Where both eferaenc
ockiaid scheduling over the time horizon by coordinating the activities of two types of service iders. We locate gency problem, modeling the Ci ion of 1 ¢ where emergency Minimize the cumulative weighted responidersiand regiv y
Albzgt (2018) Access Restoration problem for (facilties) on a network over a finite time horizon while network recovery crews install arcs. The installation part of the interdependencies between critical responders and recovery teams can only move to "adjacent” |distance between first responders and t eapn?\s B baRriia veelfoy
! network recovery | models is modeled as a scheduling problem with identical parallel servers (the repair crews) whefe an arc can be used infrastructure systems and service facilities or components in sequential time periods. demand nodes over a time horizon. “adiacent” facyil ities or
and by the emery when & hon b We propose | ons ol fhe Pruvders, ccmpov:ents in sequential time
response models, which we solve using subgradient optimization. A feasible solution is obtained using the Lagrangian relaxation, vioda
which provides an upper bound to the original models. We test our models with both real-world data and data sets from pe
Beasley's OR Library to demonstrate the effectiveness of the algorithm in solving large-scale models. The results give
insight into the optimal schedule for restoring critical arcs in a network when delivering critical services and commodities
after a disruptive event
Consider partial outages, so that the system can operate with
reduced capabilities. In addition, partial physical dependencies
could be included in the proposed model, where a component Partial physical dependencies,
e = e could be partially functional, if the components on which it where a component could be
Critical pendent ire such as water distribution, natural gas| pipeline, electricity power, Restoration planning of cotioal depends are partially operational. The dynamic nature of partially functional, if the
- ir p 1t infrastructure after .
communication and transportation systems provide the for and their isthe a potential di oo et i and along components on which it
backbone of everyday processes such as production, health, convenience and many more. Often cascading p‘;omanly the vulnerability i'n Bees i ihe with unc related to their varying existing levels, could depends are partially
Community dysfunctionality or disruption in these critical infrastructure networks triggers chain of or interacting society (commun ity im act), as also be mcluded in fulure studies. The dynamn: nature of Planning for the restoration of critical operational. Other
resilience-driven | through the system of highly interconnected infrastructure networks, and the disruption of surrounding societies. For the g pa nd ct and ities, together of i infrastructure
Karakoc et Access Restoration restoration model | planning of restoration processes and resilience of these, social aspects and demographics should also be considered to demographlc mzmm ation describing the with uncertainties related to their varying existing levels, could infrastructure after a possible networks that are important for
al, (2019) for interdependent |  assign and mitigate the possnbie social risks associated with these disruptions. In this work, we study the restoration also be included in future studies. Naturally, a centralized event, izing mainly ing and coordinating
X affected communities. They make use of 25 3 % e
infrastructure planning of critical e after a possible disruptive event by mainly emphasizing on the social vulnerabilty indices and ulation decision-making environment is assumed here, where a lone, on (he vulnerabillty indexes of the recovery activities (e.g.,
networks wvulnerability indices of interacting society. We integrate (i) a resilience-driven multi-objective mixed-integer programming fop Central Decision Maker determines schedules across all interacting society. transportation,

to the process of pted network in each network with (ii) an index of
social vulnerability that is geographically distributed. We present an illustrative example of the proposed integrated model
that focuses on studying the community resilience in Shelby County, TN, United States

densities of service areas to represent
community impact, thus guiding the
restoration process to areas of potential
community need

networks, and future work will address a decentralized decision-
making process where network utilities make restoration
decisions with their own information. In addition, the proposed
community resilience-based prioritization and scheduling
process could be combined with geographic hazard metrics to
account for spatial risks associated with the specific location of

grid components.

communications) could be
included. The dynamic nature
of socioeconomic
characteristics and population
densities.
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integer linear program in solution time, without sacrificing solution quality.

each group. The supplier's objective is to
minimize the total transportation cost by
minimizing the number of vehicles
purchased and the total empty trip distance.

of vehicle GPS location data with the model; re-solving the model
with current vehicle positions and states will provide more
efficient and time-effective decisions.

Autor(EINe| - 1ype of Problem Title Abstract Purpose Future work Main results found Limitations of the study
A fuzzy rule-based system for repair
time estimation considering the
Distribution systems are inevitably vulnerable to natural disasters, which causes multiple damages within or outside the available linguistic information about
Fuzzy Based system. The ption of supply grid formation, where the objective is to maximize the restoration of the severity of the system damage.
Approach for critical loads. The complete restoration requires repair of damaged regions which brings the need for an efficient crew The ability of the crew to repair a
Heiakiiae Restoration of | selection, repair time estimation, and crew dispatch. Ranking of load points and location are important considerations for |Prioritize damaged regions for efficient crew| damage is determined by considering T —_—
etal, (2017) Access Restoration Distribution strategic t of units. Pri of regions is required for efficient crew dispatch. This ranking depends on multiple Involve various repair resources the repair skills of the crew, the oty
® System during dispatch. These ranking depends on mulllple criteria based on subjective opinions of the experts. However, the existing | criteria based on subjective expert opinions. required resources and the resource )
Post Natural methods fail to take account of the same. This paper presents fuzzy approaches which fill the 9ap present in the existing management capability of the crew.
Disasters methods by explaining the theoretical solutions to ranking of load points, crew of repair The severity of diffuse damage in a
times, and prioritization of the damaged regions damaged region is assessed
considering the damage severity
information.
Ci and caused by occur every year. To reduce further damages in the post disaster period,
many types of research have been conducted. The repair crew problem is one of these efforts, and it is used for deciding
ways to manage repairs to destroyed roads that connect members of supply chain networks. Especially in rural areas 2
Z where road networks are sparse and supply chains are limited, road-network repair is particularly important because road W_e considered a fepak team problem |_n y = o = o e o : kiis a_ssumed fhik & Singfe
Network repair destriiction can contribute to. high ratis of rural isolation in addition, the unprediciable: nature of disasters crestes which the damage aspects vary at certain | This study was based on dynamic conditions in isolated areas, | Minimization of the weighted sum of repair team starts from a
Kimelal, crew scheduling "9 o times. To describe the dynamic damage but did not take into account aspects that may worsen in non- | total damage caused by isolation and |single node of origin. It was not
Access ) concems for those effecting post-disaster management. Especially in the short-term after a disaster, damage 5 2
(2018) for short-te an 3 change. Therefore, we considered a repair crew problem in which aspects of damage aspects over time, we considered the timing|  isolated areas during a post-disaster period. For example, a direct (and ) and | cor that a repaired
disasters g P P e ag of additional disasters caused by the initial | repaired node may be yed again by i the ¢ time of a repair team. | node may be destroyed again
vary at certain times. A mathematical formulation on the basis of mixed integer programming is introduced to minimize the 4 5
5 e event and changes in the damage rate. by additional disasters.
weighted sum of total damages caused in isolated areas and completion time of a repair crew. To overcome the
complexity issue, an ant colony system algorithm was developed. It can be used to solve a multiple repair crew problem.
Our study gives new insights into ways to manage problems in the post-disaster period.
An integrated . .
focation-inventory- EffleleﬂCY is a key su;cess factor |n‘ complex supply chalp networks. HYIS imperative to ensure proper flow of good; apd Propose a new multilevel logistics ork ) 3
i services in humanitarian supply chains in response to a disaster. To this end, we propose a multi-echelon humanitarian whic i warshoise beaiomscosli Relief commodities are not
humannr;gnan logistic network that considers the location of central 4 ging the inventory of peri productsinthe | o ems oE Ianninu il Sonkeol irc1 mengre Pre-disaster planning to prevent or | prioritized and consider these
Tavanaetal, Relief Distribution e pre-disaster phase, and routing the relief vehicles in the post-disaster phase. An epsilon-constraint method, a non- i ;‘; ;’e % ‘S ol T rel:Zf i obtain optimal pi of and | reduce the effects of these events, as | priorities when planning the
(2018) u ethrpky with pre- dominated sorting genetic algorithm (NSGA-l), and a modified NSGA-l called reference point based non-dominated s prtv eh;cies toiproviis dn:m ed storage and costs of relief goods well as post-disaster planning for relief| transportation of commodities
i haat -dlsaps1ef sorting genetic algorithm-Il (RPBNSGA-Il) are proposed to solve this mixed integer linear programming (MILP) problem areaspv:[h eadad b opducts % theag G actions. to hospitals and damaged
m::a i The analysis of variance (ANOVA) is used to analyze the results showing that NSGA-ll performs better than the other disa: sTel: fiasa Posts areas.
9 algorithms with small size problems while RPBNSGA-Il outperforms the other algorithms with large size problems P
considerations
Fuzzy programmlng could be an alternative for modeling
cannot be easily
obtained. This is often the case m emergency situations where
In the humanitarian context, two-stage expert knowledge, experience and data may not be sufficient to
stochastic programming is of particulal deve appropriale peobabiics of oc CUTENCe: ASSUpions; This paj rovides an overview of the
In the humanitarian context, two-stage stochastic programming is of special interest as it allows for modeling uncertainties| lavast asc‘uzlzgws = odrgil unpce n:::m;s such as the integrity of transport links, are often made to simplify st;!:oma i liralive on faaelia
and ti i Since natural are highly unp the m of the damage that will % i) % the complexity of the model, leading at the same time to limited 9
TR & PSR 3 z LS and time-dependent decisions. Since , = Q! ning models in
Two-stage result cannot be determined in advance and hence, ur is a major in the humanitarian natural disasters are highly unpredictable utility of the proposed model. Due to the P disaster man ement of the last
stochastic decision making process. Two-stage programming is an issue, as some decisions have to be made before uncertainty is ‘ghly unp! v resulting from disasters, Assuming undamaged links and ag Consideration of multi-
Grass and eed = d the magnitude of the damage that will resuit S = 5 & decade, highlighting their speclal 2
Eisch Relief Distribution programming in | realized, and some can be made only afterwards. This paper reviews the state-of-the-art literature of the last decade on Finok e daberrminad iy advance and facilities is rather unrealistic. Taking into account multiple Toslires and practical [
Behe a 0 disaster this topic with a special emphasis on modeling and solution approaches. In { , the survey p and i oy ? 2 ce.and, disasters and multiple periods represents another avenue of SaAES Al ecticH: p and multi-objective
(2016) 5 : 4 B : 3 3 therefore, modeling uncertainties is a major | . S : s 2 and the
management: A the respective models according to the disaster phase in which they are applied and to their objectives, ying hihe b decision investigation. Conflicting objectives, such as minimizing costs on Jestective models actording fottic approaches.
literature survey | assumptions and special features. A variety of solution techniques are presented in the relevant literature; also these are " | the one hand and maximizing satisfied demand on the other, are P 9
o 3 2 3 making process. Two-stage programming is| % v disaster phase in which they are
and critically in this work. - future with respect to modeling and solution aproblen as Some daciins mustbe common in disaster management and deserve special attention. applied and their objectives, underlyin
approaches, especially for large-scale problems, are recommended maSe befoia reaksing fhe Uice rtan: ad Since relief chains generally contain more than two participants, passum Boas: nd”:c cial fe m::gs 9
Stine canonly beg Tade aﬂerwa%s more realistic models can be achieved by considering multilevel G pef
supply chains. Aimost no work within the context of two-stage
stochastic programming has been devoted to integrating different
actors in humanitarian supply chains into the model building and
decision making process.
A vehicle scheduling and routing problem of
truckloads with target delivery times is Priority consideration in route development (task combinations),
studied from the perspective of a central delivery times have been used as the driving factor in route 3 A
resource coordinator. They consider (i) | generation, but can easily be replaced by other priority rules: for Ce""s'g‘::;"; ‘;'f’zz;’;f"a’r‘:::
In this paper, we consider a variant of a truckload open vehicle routing problem with time windows, which is suitable for | vehicle acquisition decisions : how many example, disaster-affected areas with a higher percentage of A variant of the open vehicle pickup w%h ati her- e o
A column modeling vehicle routing operations during a humanitarian crisis. We present two integer linear programming models to vehicles to acquire from dedicated children, elderly and injured people may have higher priorities, | and delivery problem is solved from chil dren@ eldex and |?|gur od
generation formulate the problem. The first one is an arc-based mixed integer linear programming model that can be solved using a | contracted carriers and for how long each and vehicles may be routed through these areas first. The the perspective of a resource provider. le crry b 1 Jher
Faizetal, Relief Distribution algorithm for general purpose solver. For the second formulation, we first devise a task adjacency graph, that we use to develop a path-|  truck should be leased , (i) scheduling inclusion of uncertainty in (i) vehicle availability, (ii) vehicle travel |The supplier must rent vehicles from a| . m‘; and zehlcles'g\a be
(2019) oy : vehicle scheduling [based integer linear program. We then propose a column generation framework to solve large-scale instances. Finally, we|decisions : at what time each acquired truck |time, and (iii) target delivery time in the decision model is another comracted suppher with rental period " Y
5 5 3 : routed through these areas
and routing perform r to compare the per of the two models. Our computational results show that the |should start its trip and when it should return potential extension of our model. To this r a set of pickup first. Include uncertainty in i)
problems path-based formulauon solved using our proposed column generation framework outperforms the arc-based mixed to the carrier, and (iii) routing decisions uncertainty, we will have it redesign our route generation and dehvery tasks within a target vehicle availability, (i) vehicle
grouping orders and assigning a truck to  |algorithms to obtain routes with probabilistic durations. integration delivery time. Y,

travel time, and (iii) delivery
time.

Page 6



u‘_"' Type of Title Abstract Purpose Future work Main results found Limitations of the study
. 5 3 i " = Crew planning and routing, in the
Extreme events such as disasters cause partial or total disruption of basic services such as water, energy,
communication and transportation. In particular, roads can be damaged or blocked by debris, thereby nbwuczfr?g access The fmegratfon o crew roul{ng and cume)Fl of road restoration. As a key
5 2 S = scheduling decisions makes this problem contribution, he developed the first
A branch-and- 10 Cetiam aifecied aras. [hos, okihe s & y to Vit ard dsnbute too complicated to solve effectively in exact solution approach that is able to
Benders-cut oGy, comm_oditu‘as B rel;gf center§ = ﬁﬂeclef! aeas The C'.e?" sghedmlng a0 Roifing broblem (CSRP) practical cases using mixed-integer p;mcular i a'.‘.d = of the obtain feasible solutions and lower
alorthin fos the addresses decisions in post-disaster situations with the aim of minimizing the time that affected areas remain ramming (MIP) et problem to derive new valid inequalities and different ways to botide for ail catea 1 tha taratine
Moreno et al., . 9 The ) of crew and routing makes this problem too complicated to be prog ing Y the IPM formulation. Finally, it would be interesting to : )
Relief Di Crew : G 3 . proposed in the literature. Therefore, we s including large-scale cases. The Mono-objective nature
(2019) and Routing solved for practical instances using mixed integer p g (MIP) forr recently prop inthe propose a Benders branch-and-cut (BBC) improve the lower bounds of the current solutions and to develop problem addressed s typically
Problerin foad literature. Therefore, we propose a branch-and-Benders-cut (BBC) algorithm that decomposes the integrated problem into| thm that hybrid methods combining exact and metaheuristic strategies to encountered in post-disaster
o a master problem (MP) with and subpi with routing decisions. Computational tests based on p:oblem ioa master problem (MP) with obtain tighter solutions situations where the damaged network
instances from the literature show that the proposed exact method improves the results of MIP forr and other
exact and metaheuristic methods proposed in literature. The BBC algorithm provides feasible solutions and optimality and ¥ with must be repaired as quickly as
gaps for instances that thus far have not been possible to solve by exact methods in the literature. fouting gecislons, possible fo promote an‘effective
response.
Location of temporary relief centers and
dynamic routing of air rescue vehicles
distributing basic supplies in relief
operations. The proposed model seeks to
locate temporary relief centers so that all
This paper presents a new mathematical model for location of temporary relief centers and dynamic routing of aerial affected areas are covered by at least one
rescue vehicles distributing basic supplies in relief operations. The objective function of the proposed model minimizes the| temporary relief center. Considering the
A mathematical arrival time at the last designated temporary relief center. The proposed model seeks to locate the temporary relief importance of rapid action in the midst of a
model for location | centers in a way that all affected areas get covered by at least one y relief center. Considering the importance of post-disaster environment with Location of temporary relief centers
of temporary relief quick action amid a post-disaster with such as demand for relief supplies, characteristics such as uncertain demand 5 and dynamic routing of air rescue 2
A'a'?a?;(')a";)e : Relief Distribution centers and inaccurate information regarding victims, aft ks, and d road , in the p model, for relief supplies, inaccurate casualty f:::ﬂgt;?:ﬁ:nv:;:c‘:&a;ﬁ;:] m‘gs ;:::::m‘l:: vehicles that distribute basic supplies L n:;:‘ iiseu:sem;nsumme
N dynamic routing of | location and level of demand are considered to be dynamlc and relled supplies are assumed to be dlstnbuted by aerial information, aftershocks, and heavily in relief operations while minimizing )
aerial rescue transport vehicles. According to NP-Hardness of proposed problem, in this paper an improved hybrid metaheuristic damaged road networks, in the proposed overall travel time.
vehicles algorithm based on scatter search combined with variable neighborhood search is presented. To evaluate the model, the location and level of demand are
performance of the proposed algorithm, it is tested and compared with an exact method, basic scatter search and genetic i dynamic. In the proposed model,
algorithm. Results show the good performance of the proposed algorithm the location and level of demand are
considered dynamic, and relief supplies are
assumed to be distributed by air transport
vehicles. In the proposed model, the location
and level of demand were considered
dynamic
Due to the severity of natural disasters, multiple areas can be affected simultaneously. Thus, the rescuers need to be
assigned to multiple disaster areas to carry out the relief effort. In the process of the assignment of the rescuers, the
rescuers usually have different p 1al skills and subj p es for the rescue tasks. Because of the
differences of disaster situations, each disaster area has its rescue time requirement for the rescue tasks. This paper Develop a model for the assignment of
Ariiodel for develops a model for the assignment of the rescuers considering multiple disaster areas in which the task fitness degrees| rescuers considering multiple disaster
assignment of aqd the tlmg fitness degrees are introduced. Firstly, the satisfaction degree of each rescuer is calculated agcordlng to the | areas in which !ask‘mness grades} and time Consider the complexity of rescue tasks and the collaborative
Lietal feaciare intention list provided by each rescuer for the rescue tasks, and the competence degree of each rescuer is calculated | fitness grades are introduced. Build a new effect between rescuers. In addition, the problem of rescuer Assignment of rescue crews based on| Do not consider collaboration
2 Relief Distribution % according to the evaluation values of the rescuer with respect to the capability evaluation criteria. Then, according to model for the assignment of rescuers with 5 d the degree of competence of the
(2019) considering 5 3 2 z » assignment should also be considered when the total number of between rescuers.
3 satisfaction degrees and competence degrees of the rescuers, the task fitness degrees between the rescuers and the multiple disaster areas in the case of rescuers for rescue tasks.
miltiple cieaster rescue tasks are obtained. Further, the time fitness degrees of the travel times are calculated based on the actual travel rescue time, rescuers fs fiok sufticlen
s times and the time requirements of different disaster areas, and the matching degrees between each rescuer and the preferences, and rescuers' degrees of
rescue tasks of different disaster areas are obtained by aggregating the task fitness degrees and the time fitness degrees. competence.
. to maximize the sum of the ing degrees between the rescuers and the rescue tasks, an optimization
model is constructed, and the optimal assignment result can be obtained by solving the model. Finally, an example on the
assignment of the rescuers after earthquake is given to illustrate the use of the proposed model.
Developed a multi-objective optimization
model for multi-period dynamic ERS
2 with in road
A multi-objective I
i Y The istribution in post-disaster is an imp part of gency In this paper, we first MuXole period dynamic EXt wit The rational arrangement of limited emergency trucks can also A
& uncertainty in road availability. The first Set of resource distribution schemes
algorithm for multi- | design a multi-objective optimization model for multi-period dynamic y resource (ERS) p b is to mini the be analyzed according to the obtained scheduling schemes for emergency rescue, and we There are enough trucks
Zhouetal, Relief Distributi period dynamic Then, using the framework of multi-objective evolutionary algorithm based on decomposition (MOEA/D), an MOEAis They assume that the demand and resource storage in each 2 available. There is only one
elief Distribution = demand of the affected points with the e A assume that the number of trucks and
(2017) emergency proposed to solve this model. In the , new are with the intrinsic f satisfying the demand of le period are known in advance and many factors in multi-period the transport capacity of each truck service from each emergency
resource properties of multi-period dynamic ERS problems in mind The experimental resulls show that the proposed algorithm can pu(r‘pose 0] sawevng h ’bm dynamic ERS pi have not been in this paper, PO 9[ ed supply point to each affected
scheduling get a set of better candidate solutions than the non-dominated sorting genetic algorithm Il (NSGA-II). il z_iregs a_s . as_possl Z 5 such as actual road networks S unmited: area in each rescue period.
second objective is to minimize the risk of
problems choosing the damaged road. They assume
that the number of trucks and the carrying
capacity of each truck are unlimited
Distribution of humanitarian supplies is vital in saving lives during disasters in critical This paper;presents a new rekabiity
Transportation links reduces casualties as intact links improve flow of relief supplies. In finding critical links, link importance values are iutd based onthe efﬁc:incy rfo' TESCUE | 11 ¢ lude the joint failure probability of multiple links. Integrating the |A new reliability measure based on the Nohpr&l?b':lsny o.' Jo;:tdglure of
Edrissietal., Relief Distribution network reliability in| derived using the concept of network reliability. A network improvement problem is then solved to minimize death toll. To owr?x:i:‘:ssi?; m ox:n:’::;"ce‘ facility location problem and the reliable transport network efficiency of relief operations is ":cjtre Ial:ns :: rncea nh&j'a':(c:
(2015) emergency increase practicalty, a heuristic algorithm is proposed to solve real size problems. Results show that initial incremental P improvement problem would also improve the applicability of the presented to evaluate network

in network imp 1ent are more profound in reducing the death toll than higher budget increments.
Moreover, higher relief inventories reduce the death toll when the network is reliable.

meaningful performance index as itis a
direct indication of the efficiency of rescue

OEfa‘]OnS.

model

performance.

can affect multiple links
simultaneously.
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They propose a two-stage stochastic
- ; . - 5 . i odel to locate
Prepositioning emergency relief items in emergency response facilities before an anticipated disaster is a common programming model to locate emergency
B N response facilities and road restoration
strategy to increase the effectiveness of relief distribution. In this paper, we assume that relief distribution activities are
. . equipment prior to a disaster. They assume
hampered due to damaged roads, which can be restored by repair teams using restoration equipment. We propose a two N N
stage stochastic programming model integrating facility location and network i Ouri d model fhat demand occurs only once immediately Locating emergency response
Integrating location | '3 prog 9 egrating facilty ' after the disaster. They assume that the facilities and road restoration
and network decides on the location of restoration equipment prior to the disaster in addition to the facility location decisions. Moreover, ime to repair a damaged arch is the time equipment prior (o a disaster
Sanci and Ac R N d . decisions related to relief item distribution and network restoration are made jointly after the disaster for each disaster ed ke i ilable An important extension could be to recognize that the timing of | f facilty | ion deci Condi of d
Daskin, cess Restorafion an restoration | scenario. We capture uncertainty in the network availability by incorporating the repair times required o restore the | 'cauIred to make il avaiiable for emergency | o oo ie also uncertain. Analyze food distribution by mobile | MCO"alion of facilty location decisions | - Condiions of transport an
N Relief Distribution decisions in relief : response activities. They assume that , - with network restoration decisions so storage of food aids.
(2019) damaged roads. To solve our integrated model efficiently, we develop a sample average approximation method with N kitchens after disasters. .
networks under trati " tivated by R d ReVele's (1997) Heuristic C tration. The: trati ot operating arcs can carry flow in both that routes between facilities and
uncertainty concentration Sets mol Y ROSIng anc Revelle's eunstic Loncentration SE€ concentration sels are directions. They assume that the flow of inaccessible demand nodes are
comprised of promising locations identified by information obtained from disaster scenarios. We limit our solution space in N ~ N N
N " N N B relief elements (also the flow of restoration available throughout the time herizon.
the first stage to concentration sets to reduce the problem size without sacrificing the solution quality significantly. Our
3 - . equipment) from a source node to a
computational results show significant improvement in unmet demand and cost measures by integrating location and - N
y destination node arrives within the same
network restoration models " . "
time period since transport times are
negligible compared to repair times.
In the past decade the humanitarian supply chain (HSC) has attracted the attention of researchers due to the increasing
frequency of disasters. The uncertainty in time, location, and severity of disaster during predisaster phase and poor
Mathematical conditions qf gvallab\e infrastructure during postdisaster phase make HSC operations dlfﬂcluntu handle. \.n order to They conducted a systemalic review of the Optimizing the scheduling and routing
N overcome the difficulties during these phases, we need to assure that HSC operations are designed in an efficient manner " . -~ . of vehicles during each period to
Models in , y 3 literature in order to describe the different Emergency operations involve different aid organizations or
P to minimize human and economic losses. In the recent times, several mathematical optimization techniques and N N " N . improve accessibility of the road . N
Habib et al Humanitarian Jgorithms been devel loin the effi THSC al These tech d algorithy developments in terms of mathematical | entities. In addition, collaboration and coordination aspects must wwork. m the satisfact Failure to consider
bl al, Relief Distribution Supply Chain algorthms have n developed Lo increase the efficiency o operations. se techniques and aigorithms modeling applied in the context of also be taken into account, such as how to deal with the situation network, maximizing the satisfaction collaborative aspects in
(2016) N developed for the field of HSC motivate the need of a systematic literature review. Owing to the importance of N i of relief matenal allocation and N
Management: A N " . _ N humanitarian logistics, highlighting elements| when two or more vehicles may be working simultaneously to P N humanitarian operations.
mathematical modelling techniques, this paper presents the review of the mathematical contributions made in the last . minimizing the total time required to
Systematic Y . such as objective functions, constraints, serve the same destination :
Literature Review decade in the field of HS(;, A systematic literature review methodology is used for this paper due to its transparent nature of the model and solution algorithms transfer relief materials to affected
procedure. There are two objectives of this study: the first one is to conduct an up-to-date survey of mathematical models areas.
developed in HSC area and the second one is to highlight the potential research areas which require attention of the
researchers.
When catastrophes occur, certain areas could be isolated and have more hardship in being provided with the relief goods | Determine the order of repairing destroyed
because of the destruction of roads. Additional damages will occur if isolated areas cannot be supplied relief goods roads and transporting relief items to
quickly. Therefore, to provide adequate relief goods to the demand area in time, it is essential to recover the destroyed | demand areas after a disaster occursin a
Integrated optimal roads and make the isolated areas accessible. In addition, relief goods should be distributed on the basis of optimal rural area with a limited number of
n eghraw ‘up |rrfva scheduling. If the order for repairing destroyed roads and supplying relief goods to an isolated area is established fromthe | connected roads. It is assumed that the Uncertainties, driven by various factors, such as the amount of Failure to consider several
Shin et al., |Access Restoration and rscau c:;agaurwd respective viewpoints, a delay will occur compared to optimal schedule considering both of them simultaneously. Thus, | repair team and relief vehicle start from the | demand and supply goods, would be worthwhile in a disaster Timeline that simultaneously repair teams and relief
(2019) Relief Distribution Tgf hicle afts this study proposes a mathematical model based on Mixed Integer Linear Programming (MILP) and an Ant Colony same depot. A relief vehicle has sufficient | study. Model with multiple repair teams and relief vehicles would |  integrates repair and relief efforts. vehicles would adequately
rel ‘;:E:t:ra " | Optimization (ACO) algorithm providing optimal scheduling by taking into account both reconstruction and delivery. By | capacity for the supply of goods during a adequately expand the study expand the study
conducting various numerical experiments, the solution from the MILP and ACO could lead to more effective results than | single run. The demands for relief goods at
decisions based on two points of view that are not synchronized. Some meaningful findings are also found by numerous | the nodes are deterministic. A relief vehicle
computational experiments. This research can help to make the optimal decision for scheduling of recovery and supply | can visit the nodes and traverse the edges
that thus reduces any additional damage after a major disaster. several times
The completion of every disaster rescue task performed by repair work teams relies on the in-time supply of materials to Thegdpr‘efsem a logistical support st;hedu\mg
the rescue workers. Up to now, logistical support planning for emergency repair work in Taiwan has been done manually, [ ™0¢€ 10" @ Given emergency road repair
N N work schedule, as well as a solution
Optimal scheduling| which is neither effective nor efficient. To remedy the problem, this study presents a logistical support scheduling model N N . . .
- . - g algorithm to solve the model for large . . Efficiently and effectively plan a good | Stochastic vehicle travel times
Yan et al of logistical support| for the given emergency repair work schedule. The objective is to minimize the short-term operating cost subject to time realistic problems. The objective of the Future research can investigate how to incorporate stochastic logistical support program for an need to be incorporated into
’ Access Restoration | for an emergency | constraints and other related operating constraints. This model is formulated as an integer multiple-commodity network P Je vehicle travel times into the logistics support scheduling model to 9 pport prog P
(2012) - ) N . . proposed model is to minimize the total N lemergency repair program prepared in the logistical support
roadway repair | flow problem which is characterized as NP-hard. A heuristic algorithm, based on the problem decomposition and variable hort4 " t for logistical make the schedule more reliable. the aft th of disast heduii del
work schedule fixing techniques, is also proposed to efficiently solve this problem. Computational tests are performed using data from Sus % n z:g;cpﬁ?['ﬁ:;’:ns‘:m;f‘s t:;:ed © altermal amajor disaster scheduling model.
Taiwan's 1999 Chi-Chi earthquake. The results show that the model and the solution algorithm would be useful for the pport, SUb N
logistical support scheduling on an emergency repair schedule, as well
as other related operational constraints.
Planning for response Fu sudden-onset disasters such as earthquakes, hurricanes, or floods needs to take .\mcr account They assume that a sufficient number of repair resources exist, Assume that there is &
the inherent uncertainties regarding the disaster and its impacts on the affected people as well as the logistics network
3 N ) N thus ignoring any potential scheduling issues. Second, they sufficient amount of repair
= This article focuses on the design of a multi-ech- elon humanitarian response network, where the pre-disaster decisions _ _ ~ B N
Pre-positioning of of warehouse location and itern pre-positioning are subject to uncertainties in relief itern demand and vulnerability of roads This article focuses on the design of a multi-| assume that resources can initiate repair activities at the same Design a humanitarian inventory resources, thus ignoring any
relief items under W u tem pre-p ing Uy u ! v ity tiered humanitarian response network, time. Although significantly increasing the lexity of the itis network in vulnerable | potential scheduling issues.
N and facilities following the disaster. Once the disaster strikes, relief transportation is accompanied by simultaneous repair . N N N N N -
Asl 4 |Ac Restorai d road/facility f blocked roads, which delays the & tati but gradual the " f the network at th where pre-disaster decisions of warehouse | problem environment, relaxing these assumptions is important | situations by considering pre-disaster Second, assuming that
Ce“ka?;‘; a Er‘?:f of ;lsslumrm::::" vulnerability with ZamueclimemA mfn o 'Ce ;:g‘sa st:: rigs:’:m?:::rp;:?:éa o r?"r: d;?g;::fﬂ:z nd ;;:;ei:x;a : A”; mximaatin: location and pre-positioning of items are for future work to better represent the real-life situation decisions of facility location and pre- | resources can initiate repair
' concurrent -stag prog - ¥ P 9 P subject to uncertainties in the demand for | Coordination between repair and relief transportation entities is | positioning of items, as well as post- | activities at the same time.

restoration and
relief transportation

(SAA) scheme is proposed for its heuristic solution. To enhance the efficiency of the SAA algorithm, we introduce a
number of valid inequalities and bounds on the objective value. Computational experiments on a potential earthquake
scenario in Istanbul, Turkey show that the SAA scheme is able to provide an accurate approximation of the objective

function in reasonable time, and can help drive policy-based impli- cations that may be applicable in preparation for similar
potential disasters.

refief items and the vulnerability of roads and
facilities post-disaster.

another challenge, which points to a separate area for future
research. Finally, the assumption of deterministic repair times
can also be relaxed without substantial changes to the modeling
and solution approach.

disaster relief transport and road
repair activities simultaneously.

Failure to consider
coordination between repair
and relief transportation
entities is another challenge.
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They focused on the DSUN problem which
consists of scheduling a set of planned
In the last decades, the urban mobility has become a critical issue with several social, economic and ecological outages in an urban road neh\:lurk Wh"ef
challenges. This is a consequence of the fast and unplanned cities growth and of the high population density in urban 3;':’:;;:?) 'llg(;ﬁ:‘g Em:%?:;ﬂr:;h
Modeiing and areas. In this context, we focus on the Disruption Scheduling problem on Urban Networks (DSUN) which consists in theory). Intefruptions can break the urban
scheduling a set of planned disruptions in an urban road network while ensuring a path between all points of this network
solving the multi- s N . network connection, which requires ot Schedule a set of planned
Cocoetal, petiod disrupbions (strong conpecnvlty in graph theory). Dlgmptwons can break the urban Tetwgrk connection, requiring then to modify the modifying the direction of the routes (arc Consider ur outages. Ur outages can have inkemuptions:in an uban road network No consideration of
(2020) Relief Distribution scheduling routes direction (arcs reversals). Such situations may disturb the users' hat!lls The goal of DSUN is (I)Vlo minimize the reversal). This problem combines features cascading effects on planned decisions, requiring modifications while ensuring a path between 3l unpredictable interruptions:
problem on urban number of arcs reversals and (2) the sum of the starting times to all d!srumqns simultaneously. DSUN is formalized in of the resource constraint scheduling to the solution currently in use. paints on the road network.
networks this study by means of a mathematical formulation. Moreover, since it is a bi-objective problem, we propose an exact problem and a network design problem
algorithm based on the e-constraint method. Computational experiments are performed on theoretical instances, as well N
as on realistic instances built from the road network map of Troyes city in France. The numerical results show that the c'zﬁx;?ﬁz};gmﬁx‘; Eﬁ%c:: a
exact algorithm can prove optimality for instances with up to 100 vertices and 20 disruptions. ion and an DSUN-P_ which
includes precedence constraints between
interruptions.
Delivering relief supplies fo victims of natural disasters is a very complicated process faced with many challenges:
Supply allecation: | damaged road network, high demand for various materials, scarcity of resources, multi-supply and multi-demand sites, Incorporate dynamic information of victims and trapped victims in
bi-level limited transport capacity, etc. Traditionally, outreach maximization is the focus of emergency relief. In this research, we | They derive a two-level programming model | real time. We would continue our research and study dynamic Twa-tier scheduling that fully
Chen et al programming and | propose a bi-level programming model which takes lr!e aforementioned challenges into full account. We consider two Vthat fully considers post-catastrophe optimization of the relief material allocation problem. Finally, considers post-disaster situations Imer-orgamzalinna\
(2020) ' Relief Distribution dr!leremlal objectives: minimizing the dl@r\hl.llmh time, and maximizing the aan:almh fairess VBecause the problem is NP-hard, we situations, e.g., congested road network, distribution units and emergency centers are often owned and 4. cangested road network supp\‘yf coordination qspects are not
evolution algorithm | design an improved differential evolution (IDE) algorithm and numerically compare it with several conventional differential | supply and demand imbalance, and mode | operated by different agencies, the best possible disaster relief ‘demand imbalance, and mc;}e mix. considered.
for Natural Disaster| evolution algorithms, including CoDE, SaDE, JADE and JDE. We found that the proposed IDE outperforms the existing mix outcome can only be achieved through effective and efficient N .
Relief algorithms. The feasibility and validity of the proposed model and the IDE algorithm are verified by applying them to the coordination.
2008 Wenchuan earthquake in western China
This paper infroduces a synchronized routing problem for planning and scheduling restorative efforts for infrastructure
networks in the aftermath of a disruptive event. In this problem, a set of restoration crews are dispatched from depotsto a
road network to restore the disrupted infrastructure network. Two mathematical formulations are presented to scheduling An important (and realistic) direction for future work is to consider
and sequencing disrupted network components to restoration crews and route the crews towards disrupted components the effects of outages (and subsequent recovery) on the routing
ito maximize network resilience progress in any given time horizon. In the first formulation, the number of restoration crews network itself and to analyze the behavior of both infrastructure
assigned to each disrupted component, the arrival time of each assigned crew to each disrupted component and and routing networks in terms of restoration equipment sharing
Work crew routing | consequently the restoration rate associated with each disrupted component are considered as variables to increase the |An integration of a vehicle routing generation| uting, and restoration interdependencies.  Another releva t Integrate routing and restoration No consideration of the effects
Morshedlou Access Restoration problem for flexibility of the model in the presence of different disruptive events. Along with the contributions applies in the first problem and an infrastructure network d\reclinr’1 in this area s to consider multiple restoration tasks problems by formulating restoration of disruptions in the routing
etal, (2018) infrastructure | formulation, in the second formulation, each disrupted component can be partially active during its r 1 process. To equipment scheduling problem is associated with each companent, In this case, crews that were equipment routing problems. network and analysis of
network restoration find the coordinated routes, we propose a relaxed mixed integer program as well as a set of valid inequalities which proposed assigned to a given disrupted component n:lay finish their infrastructure behavior.
relates the planning and scheduling efforts to decision makers policies. The integration of the relaxed formulation and valid
inequalities results in a lower bound for the original formulations. We further introduce a feasibility algorithm to derive a ws;z?‘?gﬁ‘:*:é:ﬂ”;?“é I:V:g:fe:::g;:r;;‘w:x::f nt
strong initial solution for the routing restorative capacity problem. Computational results on gas, water, and electric power ) eqlesmsl"‘almnvpmcess is completed P
infrastructure network instances from Shelby County, TN data, demonstrates both the effectiveness of the proposed
model formulation, in solving small to medium scale problems, the strength of the initial solution procedure, especially for
large scale problems.
This paper proposes an integrated network
design and scheduling problem that can be
applied to restoration efforts for a variety of
infrastructure systems. This problem
focuses on selecting a set of nodes and
We consider the problem of restoring services provided by infrastructure systems after an extreme event disrupts them. arcs for |r_15‘tallat|on na netwonf and_meﬂ
This research proposes a novel integrated network design and scheduiing problem that models these restoration efforts., | _Sceduing them into a set of dentical |- ¢, o1 1yne the effects of infrastructure restoration efforts when
Restoring In this problem, work groups must be allocated to build nodes and arcs into a network in order to maximize the cumulative paraiel weodr?mups fc‘)fr]n:e a nn:(e orarc s aligned with county emergency manager priorities. Determine
infrastructure weighted flow in the network over a horizon. We develop a novel heuristic dispatching rule that selects the next set of pbr:zirsr?es o ¥ a::;_lal Iis‘ﬁ:: ew%;[::l;sr" dﬁ customized large-scale integer programming methods that can
Nurre et al 7 systems: An tasks to be processed by the work groups. We further propose families of valid inequalities for arnrlnteger programming flow can be mp:red through or over it In each be used to determine the optimal solution for large case studies. | Programming that can be applied to No consideration of
(2012) " | Access Restoration |integrated network | formulation of the problem, one of which specifically links the network design and scheduling decisions. Our methods are time period, network perforrnanée s Examine different methods for evaluating network performance to| the restoration efforts of a variety of coordinaion aspects
design and tested on realistic data sets representing the infrastructure systems of New Hanover County, North Carolina in the United evaluated by, determining the maximum capture different infrastructure considerations. For example, it infrastructure systems
scheduling (INDS) States and lower Manhattan in New York City. These results indicate that our methods can be used in both real-time amouni of {weighted) demand that can be may be more appropriate to model the operations of a road
problem restoration activities and long-term scenario planning activities. Our models are also applied to explore the effects on the sent from a set of Supply nodes 1o a set of network by determining the shortest routes from a set of critical
restoration activities of aligning them with the goals of an emergency manager and to benchmark existing restoration N origin nodes to a set of critical destination nodes.
procedures demand nodes through the operational
network (i.e., the original network plus those
nodes and arcs completed by the
workgroups at this time). The objective
function of this problem focuses on
maximizing the cumulative network
throughput over a finite horizon.
Collaborative
o pﬁi:r‘zaz-z?tl)?l on Earthquakes often cause road damage, so the earthquake relief needs cooperative road rehabilitation and postearthquake Resun;;i:r$::§aﬁn§ be
post-earthquake emergency supply In the thesis, the definition of connectivity degrlee on post-earthquake road network s proposed, a_nd Dynamic integration beF\fleen post- ) ) The connectivity of (hg ruaq network completion times of each
Shanshan et Access Restoration | emergency supply the rehabilitation order for road network is resolved according to its extended meaning. Then, the multistage dynamic earthquake road rehabilitation and Enrich the connotation of theoretical research through access to |  after the earthquake is defined, and restoration operation are not
al, (2015) and road problem is decomposed to multiple single phase problems. For each single one, the mathematical model, which balances| emergency material distribution, from the real data, to make it more realistic the rehabilitation order is solved by taken into account. Resources
rehabilitation based| 2etween efficiency and faimess, is established, and a simulated annealing algorithm is adopted for solving the model, at | perspective of road network connectivity. extending the average connectivity. | " oot come from a
on road network last its feasibility is verified by a numerical example. single centralized agency.
connectivity
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.‘: "% Type of Problem Title Abstract Purpose Future work Main results found Limitations of the study
In this study, we propose a post-disaster assessment strategy as part of response operations in which effective and fast
relief routing are of utmost importance. In particular, the road segments and the population points to perform assessment
activities on are selected based on the value they add to the consecutive response operations. To this end, we develop a
bi-objective mathematical model that provides damage information in the affected region by considering both the Develop a biobjective mathematical model Computational experiments show that
importance of population centers and road segments on the transportation network through using aerial and ground that provides information on damage in the P! e %
. the use of drones in post-disaster
Post-disaster | vehicles (drones and motorcycles). The first objective aims to maximize the total value added by the assessment of the affected region considering both the ¢
Oruc etal., 2 s assessment contributes to the Unlimited resources are
Relief Di road (arcs) whereas the second maximizes the total profit generated by assessing points of interests (nodes). | importance of population centers and road Consider vehicle and P costs.
(2018) = SPaEs B z z 2 3 % o 3 S : : assessment of a larger area due to assumed.
routing problem | Bi-objectivity of the problem is studied with the e-constraint method. Since obtaining solutions as fast as possible is crucial| ~ sections in the transportation network
i their angled viewpoint. Post-disaster
in the post-disaster condition, heuristic methods are also prop: . To test the model and the heuristic through the use of aerial and ground drioe st
methods, a data set belonging to Kartal district of Istanbul is used. Computational experiments demonstrate that the use vehicles (drones and motorcycles). 9 )
of drones in post-disaster assessment contributes to the assessment of a larger area due to its angular point of view.
Also, the proposed heuristic methods not only can find a high-quality approximation of the Pareto front but also mitigates
the solution time difficulties of the mathematical model
A brac R andsHce This paper addresses the solution methods for the stochastic home-caregiver scheduling and routing problem which
alcsithen forlt’he arises in many service industries such as home care and home health care. In the problem, the caregiver's travel times
hogme i i and service times for customers are stochastic. A chance constraint is introduced to ensure the on-time service
Liuetal scheéullr:egan d probability for the customers. Such stochastic travelling and service time and the chance further the a chance- home Unlimited resources will be
d Relief Distribution 9 problem. In this paper, a route-based mathematical model is introduced. A branch-and-price (B&P) algomhm and a caregiver scheduling and routing problem | Consider accessibility constraints in humanitarian assistance. Generation of optimal care routes. 5
(2019) routing problem iz R 3 4 < considered.
3 discrete approximation method are combined to solve the problem. Herein, effective label alg are to with service and travel times.
with stochastic
Tt el generate negative reduced cost routes. The efficiency of the are imp by three
g strategies. The experiments on test validate the perf of the prop B&P algorithm and demonstrate
the of the of travel times of home-caregiver and service times to the customers
In this paper, a post-disaster restoration planning (PDRP) model for critical power system infrastructure is proposed. The
model intends to find the optimal repair and for g so that the system load
accommodation is and ther of ion process is minimized. The model takes into
Post-disaster | account the effect of adverse weather on the component repair process and a time-varying repair velocity function model
power system is proposed to obtain the time-varying repair duration (TVRD) of the damaged The sequenc:
restoration repairing period (SDRP) of damaged components can be formed by combining TVRD and the transportation time of Proposcd power systerm A moael D repair period can be in Ahe 5 of the diration.of
Y with a sequence-dependent repair period, € repairs on the repair schedule
anetal, - planning resources, and embedded into the PDRP model. The proposed model also allows the repair units to perform repair work 2 5 care in P D of a dispatching Lack of consideration of
Access Restoration R 5 o 3 2 % S 50 as to maximize the load accommodation (sequence) itself, caused by several £
(2020) considering on arbitrary damage component, not just the damage components in their routine service area. As a result, the - S rule that can guarantee robust performance under sequence multiple resources.
capacity of the system and minimize the < factors, such as adverse weather
efficiency is A two-stage bi-pl heuristic method is developed to efficiently solve the duration of the restoration process dependency and stochastic nature of the repair period. conditions and crew en-route logistics
dependent proposed PDRP model. The sequence position adherence information of each repair task and the relationship between
repairing period two adjacent tasks are used in the search so that the solution time of the PDRP model is avoided from increasing
exponentially with the problem size. The IEEE-118 and IEEE-30 bus test system are used for case studies to validate the
proposed model and method. In addition, of the P repairing period are
presented
A network-based
approachtothe [, introduces the multi-activity combined bling and hedul blem. The goal of this problem i
mult-activity is paper introduces the multi-ac combined timetabling and crew scheduling problem. The goa of this problem is to
corbined schedule the minimum number of workers required in order to fully visit a set of by Masiiiizs netivork accassinty toa
. services needed matched against schedule availability. Two solution strategies are proposed The firstis based on % % .
timetabling and locations in the area during the restoration Route-based tactical resource It assumes the participation of
Barreraetal., Ao Restoration rew schedulin mathematical programming whilst the second uses a heuristic procedure in order to reduce computational time. The b that P wacusted Consider transportation of humanitarian aid lanning introduced for post-disaster ingle organization plyi
(2012) cossnesom e ::t::lemu 9 proposed model combines timetabling with crew scheduling decisions in one mixed integer programming model which pa :;:::ds:ebns?: remo::drease :::n P Sl pdlc s skl Lo b s anroagd res‘:o?:tlon :ct‘::du’ll gl ?m?egaairlzrgs?)ursci‘; g
V‘\;orkforce considers muitiple activities. The algorithms are tested on randomly generated and real instances provided by the Health ssible g P 3
scheduling for to School Initiative, a program based at Bogota's local Health Department. The results show that the Initiative can increase po
public health policy its coverage by up to 68% using the proposed heuristic approach as a planning process tool.
implementation
Evaluation model A low-altitude remote sensing data-based evaluation model for damage extent of roads was proposed for rapid
of port facilities in V stricken areas. Spatial information about roads, bridges,
for damage extent 3 % :
o roads tunnel portals and spatial about and barrier lakes were extracted from large-|
Wenchuan scale true-color images of Wenchuan earthquake-stricken areas gained from low-altitude remote sensing platforms, and | Scheduling of road repair work troops in For future works, optimizations will be considered in terms of
Qinetal, the corresponding thematic maps were drawn. Spatial coupling of a road and disaster bodies was taken as the criterion to order to increase accessibility to the algorithm complexity, together with smart ways to improve =
tof0), | ‘AEcessRestoraion sf:c"k"e‘:]”::‘:as judge whether this road is damaged. The road damage coefficient was get from the damage level of road structures due | population as quickly as possible aftera | solutions for real instances within a reasonable computational Qetimalrepai peogram (Congiderston’of & smolelacor
to individual disaster body, and the damage scale factor was obtained from the length of individual damaged road. Based major earthquake. time.
based on remote
oeris on the above s, an model was for the damage extent of roads in Wenchuan earthquake-
i nforma?;m stricken areas. The damage extent of Baish: jiaping section of D huan highway was obtained using this
evaluation model. The obtained result is consistent with the actual situation
A hierarchical
ise model
. The of y goods to a pop ) affected by a disaster is one of the most fundamental operations in :
& f‘::g;‘;';tof Humanitarian Logistics. In the case of a particularly disruptive event, parts of the distribution infrastructure (e.g., bridges, M&?sxé?:ifmg::: :::‘v’:::n First, other objectives, such as coverage, are often used to Generate a plan to restore the most
Liberatore et mreco roads) can be damaged. This damage would make it impossible and/or unsafe for the vehicles to reach all the centers of rovilers as e nZ:’t otk odel: wheré model quality of service in disaster situations. Second, consider |  critical network components in the Consideration of uniimited
Access Restoration in demand (e.g., towns and villages). In this paper, we propose and solve the problem of planning for recovery of damaged P " =5 Y transportation constraints, where both emergency responders models and provide information on W
al, (2014) and = emergency services provide critical . = = 3 = resources and single-actor.
distribution of of the network, so that the consequent distribution planning would benefit the most. We apply the ees whils relvark s (e and recovery teams can only move to "adjacent” facilities or how to provide essential services
o0 model, called RecHADS, to a case sludy based on the 2010 Ham eanhquake We also show empirically the importance of s C Lt e e 9. BCOVery oS components in sequential time periods. during recovery.
emergency goods ing recovery and distri repair damage to critical infrastructure.
in Humanitarian
Logistics
Mitigating the effect of disruptive events at the operating phase of complex systems therefore improving the systems’
Post.di . resilience is an important yet challenging task. To improve the resilience, one way is to enhance the failure restoration
perforrnarr\ce - with \ce recovery ies. However, considering different characteristics of disruptive
Wu and reco ' events, the challenge is to develop a gt ly i fr to optimally i different recovery strategies Solve the problems of restoring the Finding the optimal network restoration| Consideration of uniimited
Wang, Access Restoration enhancevrzzilience within a given budget. In order to tackle the this paper pi a post-disruption recovery for  |distribution system after natural disasters by Consider multiple remediation resources. b P i e
(2020) of interconnected networked systems to optimize the performance. In this study, coordination of different recovery agents is achieved by prioritizing damaged regions Lol
ok using ical programming while the of the required resource for restoration is found by a
network systems heuristic algorithm. Case studies based on IEEE test feeders are used to demonstrate the feasibility of the developed
framework, as well as the effects of optimal resource allocation nested in the restoration framework
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Section 2. Extraction matrix part 2 of 3.

- Type of Problem Title DRUTA | TRED | TAREA | ND | PND | DUM [ DEC | DVT FD FV | DI | ACT | MODO | MR | TRANS T DEPRR | TRR LRR | PRR |RRR |PRD | TMRR | TPRR | CPP | TAH | PAH | LRAH | DDAH | TFT [ DINV | VTAH | TP | TPOBJ
Network repair crew
MayaDuque | oooq Restoration | Schedulmg androutngfor | wone | pyp | AR [ x| x P RES x va | TC MDRR | MRR x | x TRC | MRUD P oBJ
etal, (2016) emergency relief distribution
problem
Dynamic formulation for
Rodriguez et| - oot pistribution humaniarian response NODNG | RD X P RES X MA um TC MLP |ALyANL | X X FTHT | X P MOBJ
al., (2018) operations incorporating
muitiple
Nume and Online scheduiing problems
Sharkey, | AccessRestoration | Vithflexible release dates. | e | gp cP RES X ua UM MRR TRC | MRUD P 0BJ
2018) Applications 1o infrastructure
restoration
lloghu and A maximal multiple coverage
bert (020y| Access Restoration | and nctwork restoration | NODNC | RD X cP RES x ua | um MLRR X TRC we | AL MDAH Ve 08J
problem for disaster recavery
MayaDuaue |- coq Restoration |11 ¢SSty arc wpgrading) yopc | rp AR X cP RES X vA | um T MDRR | MRR X X x TRC | MRUD P 084
etal. (2013) problem
Sakuraba et Road network emergency
o1 (o01aay | ActessRestoration | accessiliy plamnng aftera | NODC | RD A | x cP RES x va | um TC  |Satelite mages in graphics| MDRR | MRR X x | x TRC | MRUD ALy AL Ve 0BJ
major

Multi-objective, muli-period
location-routing model to
distribute relief after NODC RD X CcP PREP, RES X ua um Tc MRR X X TRC MLP | ALyANL MDAH FTHT VP MOBJ
earthquake by considering
emergency roadway repair
Coordinating debris cleanup

Wahdani et |Access Restoration and
al, (2018b) Relief Distribution

C:“:’g:f"“;"‘ Access Restoration | operations in post disaster | NODNG | RD cp RES X va | um MRR X x | TRG, TRV WP P MOBJ
road networks
aurana et \Work-troop scheduing for road|
4l (2018b) Access Restoration network accessibility aftera | NODNC | RND CcP RES X UA um MRR X TRC MRUD A OBJ
major
AVerbak, | oo Restoration | CTETOSnEY panrestoration | yonc | gp cP RES X vA | um MDRR | MRR TRC Ve 0BJ
(2012) problems
'An approximation approach to
e bk a trade-off among efficiency,
o201 | Rebef Distributon | efficacy, and balance for reief | NODNG | RD * cP PREP, RES ua | M| x |TCTATF M | ALyanL | x X MDAH | FTHT [ x ve | moss
pre-positioning in disaster
t
Twao-stage multi-objective
\ahdan et al location-routing-inventory
Dotey | Feber Distiouton model for humanitarian | NODC | RD X cP PREP, RES va | um c MLP | ALy ANL MDAH | FTHT [ x x | v | woss
Iogistics network design under
Network restoration and
recovery in humanitarian
Gelk, (2016) | Access Restoration |  operations: Framewerk, | NODG | RD x| x cPMPLP | X | PREP.RESREG | X [x|ua | w | x | TCTA X MDRR | MRR x | x | x [TRe TRV ALyANL DAH, MDAH X P, VP | OBJ, MOBJ
Ierature review, and research
directions
Prepositioning of assels and
Sabbaghtork !
anetal Relief Distribution | S|UPPlies in disaster operations | o0 | ppy x| x X P PREP x| ua | um TC x X MLP | ALy ANL X v o8J
v management Review and

research gap identfication

Optimal scheduling of
lemergency roadway repair and| NODNC RD AR X cP RES X UA um TC MRR X TRC MRUD | MLP | ALyANL FTHG P MOBJ
subsequent relief distribution

Yanand [Access Restoration and
Shih, (2009) Relief Distribution

A mathematical model for post.

Tuzun and b
Ozdamar, | Access Restoration sasier [oad rESOIAON | nopnG | RD X cP RES X uA | um TC MDRR X X TRC i 08BJ
(2014) Enabling accessibility and
evacuation
Alted and Vehicle routing and resource
Murray Relief Distribution | distribution in postdisaster | NODC | RD cP RES UA | um TC MLP | ALYANL | X MDAH | FTHT VP oBJ
(2017) humanitarian relief operations
Column Generation based
Victoria et al . heuristic for the Vehicle
2016) Relef Distriouion | ot e lem it Tme. | NODC | RND X cP PREP, RES UA | M Tc WP | ANL X FTHG VP 0BJ
Dependent Demand
Luetal An optimal schedule for urban
aorm | Access Restoration | road network repar based on | NODNC | RND AU cP RES X ua | um T MDRR | MRR X X X TRC | MRUD P 08J
( ) the greedy algorthm
Ahumanttarian logistics model
Ahmadi et al. for disaster relief operation e hic Inf i
madi 1al.|  gefief Distribution | considering network failure and] NODC | RD X X cP PREP, RES X ua UM TC eographic Information MLP | ALy ANL X MDAH P 0BJ
(2015) Systems (GIS)

standard relief time: A case
study on San Francisco district]
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- Type of Problem Title DRUTA | TRED | TAREA | ND | PND | DUM | DEC FD FV | DI | ACT | MODO | MR | TRANS ™ DEPRR | TRR LRR PRR | RRR |PRD | TMRR | TPRR | CPP | TAH |PAH | LRAH | DDAH | TFT | DINV | VTAH | TP | TPOBJ
An integrated network design
lloglu and and scheduiing problem for
bort (201g)| 685 Restoraton g NODNG | RD x cP RES X va | um T WRR X | x TRC G 08
response
Community resiience-driven
Karakoc et | coss Restoration restoration mode! for NODNC | RD X RES, REC X|x|ua| um TC WRR X X X TRC | MRUD VP 110BJ
al, (2018) interdependent infrastructure
networks
Fuzzy Based Approach for
Hemakumar Restoration of Distribution
ca (01| Access Restorion | Lo N | NODG | RD LP RES A | um MRR X TRV P 08l
Disasters
Kimeel al. Network repair crew
{20ng) | Access Restorstion | - scheduing for shortterm | NODG | RND cP RES X va | um MDRR | MRR X | x x TRC | MRUD VP 081
disasters
An integrated location-
Tavana et . inventory-routing humanitarian
Doty | Rebef Distrbuton | supply chain network with pre- | NODG | RD cP PREP, RES ua | um | x Tc WP AL MDAH  [FTHT| X Ve | MoBJ
and post-disaster
Two-stage stochastic
Grass and
Fischer, Relief Distribution programming in disaster | yone | gp X cP PREP, RES A | um ALy ANL X MDAH VP 08)
management. A literature
(2016) e
Fazetal A column generation algorithm
o1 Relief Distribution for vehicle scheduiingand | NODC | RD cP RES A | um FTHG X P 08
(2019) routing problems
‘Abranch-and-Benders-cut
Moreno et al., algorithm for the Crew
2016y Relief Distribution Schedingand Roung | NODC | RND X cP RES X VA | um T MDRR | MRR TRC | MRUD P 08l
Probiem in road restoration
‘A mathematical model for
Alinaghian et location of temporary relief

NODC RD X

ol (201g) | RENETOBIBUION s and dynamic routing of

aerial rescue vehicles

RES UA MM TA MP | ALy ANL DAH FTHG P oBJ

A model for assignment of

Lthr[;l;l). Rehef Distribution rescuers considenng multiple | NODC RD CP REC UA um VP 0BJ
disaster areas
A multi-objective evolutionary
Zhouetal, | g et Distribution algorthm for muki-perod | oy | o X x cP RES X UA um Tc MLP | ALyANL X MDAH | FTHT vP OB
(2017) dynamic emergency resource
problems
P Transportation netwark
(2015) °|  Relief Distribution reliability in emergency NODNC RD X X CP RES X UA um Tc X MLP | AL y ANL DAH P 0BJ
response
Sanciand Integrating location and
Daskin, | ccess Restoration and) network restoration decisions | yonye | gyp x X cP PREP, RES X UA | um TC MRR X MLRUD | MP | ALyANL MDAH PVP| ©BJ
(2019) Relief Distribution in relief networks under
uncertaint
Mathematical Models in
Habib et al., Humanitarian Supply Chain

(2018) Refief Distribution | - agement: A Systematic

Literature Review

RND X CP RES X UA um TC MDRR MRR X TRC MRUD X X VP 0BJ

Integrated optimal scheduling
of repair crew and relief vehicle| NODC | RND AR X X cP RES X A | um TC MDRR | MRR X X TRC | MRUD | WP |ALyANL DAH P 0BJ
after disaster

Shin et al | Access Restoration and
(2019) Relief Distribution

(Optimal scheduling of logistical

Yanetal, | cessRestoration | supportfor an emergency | NODNC | RD cP RES X ua | mm TC ULRR X x TRC | MLRUD FTHT P 0BJ

2012) roadway repair work schedule
Pre-positioning of relief items
Asianand |Access and) under roadfacilt NODNG | RD P PREP, RES X va | U TC MRR MDAH  |FTHG| X P 084
Gelik, (2019)|  Relief Distribution | with concurrent restoration and|
relief
Cocoetal Modeling and solving the multi-
"|  Relef Distribution | period disruptions scheduling | NODNC | RD X CP RES UA um TC MLP | ALyANL [ X X MDAH X VP OB
(2020)
problem on urban networks
Supply allocation. bi-level
Chen etal, programming and differential
(2020) Relief Distrioution | & L oorthm for Narural | NOPNC | RO X cP RES X UA um TC,TA TF MLP MDAH P 0BJ
Disaster Relief
Morshediou Work crew routing problem for
etal, (2018) Access Restoration infrastructure networi NODC RD CP RES X UA um TC MRR X X X TRV VP 0BJ

restoration
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ar | Typeof Problem Title DRUTA | TRED | TAREA | ND | PND | DuM | DEC FD ACT | MODO | MR | TRANS DEPRR | TRR LRR PRR | RRR TMRR | TPRR | CPP | TAH | PAH | LRAH DDAH TFT | DINV | VTAH | TP | TPOBJ
Restoring infrasiructure
N“E;"Ofg)a‘ Access Restoration ne“iﬁz:;g‘:’; ;\"tﬁlesgc'?;ihng NODNC | RD x P RES uA | M wP 0By
INDS) problem
Collaborative dynamic
Shanshan et oplimization on post-
. (2013) | Access Restoration | earthquake emergency supply | NODNC | RD X cP RES UA | UM TC MRR P 0BJ
and road rehabiltation based
on road network connectivit
Oruc etal., Post-disaster assessment
ors Relief Distribution Foutng probler NODC | RD cP RES UA | MM TC,TA P 0BJ
Abranch-and-price algorithm
Livetal for the home-caregiver
(2019) Relief Distribution scheduling and routing NODC | RD X | x X LP RES UA | MM TC. TA WP X MDAH | FTHG P 0BJ
problem with stachastic travel
and service times
Post-disaster power system
Yan et al Access Restoration restoration planning NODG | RD X LP RES, REC uA Ui TC MDRR | MRR TRC MRUD WP oBJ
(2020) considering sequence
dependent repairing period
A network-based approach to
the multi-activity combined
Barmer et 5l timetabling and crew
(2012 | Access Restoration scheduling problem NODC | RND cP RES UA | UM MDRR | MRR TRC P 0BJ
Workforce scheduling for
public health policy
Evaluation model for damage
Qinetal extent of roads in Wenchuan
o010y | AccessRestoraton | eanhquake-strickenareas | NODG | RND cP RES UA | UM MORR | MRR TRG P 0BJ
based on remote sensing
information
‘Ahierarchical compromise
model for the joint optimization
Liberatore et | o5 Restoration | ©f eovevoperaions and | o | gyp cP RES uA | um MORR | MRR TRC P 0BJ
al, (2014) distribution of emergency
goods in Humanitarian
Logistics
Woand Post-disruption performance
recovery to enhance resilience
Wang. Access Restoration ot tod networs | NODC | RND cp RES UA | UM MDRR | MRR TRC P 0BJ
(2000) of interconnected n
systems
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Item Description Response Options
DRUTAS  |Route detarmination NODC {Matching source and destination nodes)
NODNC (Matching source and destination nodes)
TRED Type of netwark RD {Directed Network)
RND (Red No Directed)
AR (Rural A
TAREA  |Area Type (Rural Area)
AU (Urban Area)
ND Demand nodes (areas demanding humanitarian aid)
PND Priority, importance (weighting) demand nodes
DUM Exclusive decisions in last mile distribution
CP [Short-term Disaster Decisions)
DEC Decision Horizon MP (Medium-term Disaster Decisions)
LP {Long-term Disaster Decisions)
ovT Damage or impact generated by the disaster at various
points in time
FD Phase(s) of the disaster
iy Consideration of road failures {roadblocks or
interruptions)
DI Damage to fac
UA (Single Actor Participati
ACT Participation of one or more stakeholders { mgt_a or Farticipa u?n_} -
MA (Multi-stakeholder participation)
UM {Unimodal Probl
MODO Unimodal or Multimodal Problem (Transportation) {Unimodal Problem)
MM (Multimodal Problem)
MR Multiple routes
TC (Road transpaortation)
TRANS Type of transport TA [Air Transportation)
TF (River Transportation)
T Type of technology
MDRR (M D t R irR
DEPRR Type of decision deposit of remedies ( ono_ £po ep_alr esour_ces}
MLDRR {Multiple Repository Repair Resources)
TRR Type of remedy MRR (MonorRepalr Resc?ultce}
MLRR {Multiple Remediation Resources)
LRR Limitation on availability of remedies
PRR Programming and allocation of repair resources
RRR Routing repair resources
PRD Prioritization of damaged nodes, zones or routes
TMRR Repair times TRC (constant repair (cleaning) times)
TRV (Fuzzy or stochastic repair (cleaning) times)
MRUD (M iratth d
TPRR: Single or Multi repair on the same node { ono_repalra - & same node)
MLRUD (Multiple repairs on the same node)
AL (Food Aid
TAH Type of humanitarian aid (Food Aid) -
ANL (Non Food Aid)
MP (M duct i fh itari id
CPP single or Multi humanitarian aid product or service { ono_pro u OI'-SEF\-IICE ‘_j umanitarian al _}
MLP (Multiple humanitarian aid products or services)
PAH Priority type humanitarian aid
LRAH Limitation of resources for the delivery of humanitarian aid
DAH (M -d it of h itari id
DDAH Mono or Multi - humanitarian aid depot {Mono - EpOsIto umam_arl_an al _}
MDAH (Multi Depot for Humanitarian Aid)
FTHG (h t rt fleet
TFT Type Transportation fleet (homogeneous transpo e_e )
FTHT [Heterogeneous Transportation Fleet)
DINV Consideration of inventory levels
WTAH Humanitarian aid delivery time windows
P (Single-period
TP Mono or Multi-period (single-period)
VP {Multi-period)
OBJ (single-objecti ingle-perf functi
TPOBIJ single or Multi-target or performance function (single-objective or single-performance function)

MOBJ (Multi-objective or multiple performance functions)
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Section 3. Extraction matrix part 3 of 3.

st ""':"W' Type of Problem Title FDESEM Dimension| EQUID T™OD NMOD ALG DECET CAPTRAN TPAIS | DLEVEL OTHER Type of analysis
Network repair crew |Analysis of the percentage of repaired nodes vs.
Maya-Duaue scheduling and Summative minimization of the times at Dynamic accessibility of the entire network.
ya-Lugt Access Restoration routing for which each demand node becomes Efficacy v Deterministic Exact ETAPA PVD OPER
etal., (2016) N - N Programming
emergency relief accessible weighted by demand
distribution problem
N Two scenarios were developed, the first one considering
Dynamic formulation| Minimization of total non-compliance for the independent participation of all the organizations
shefter care, medical care and relief " _ -
for humanitarian . . involved, while the second one assumes coordination
Rodri " i distribution in all areas of demand. i L the participant
odniguez Relief Distribution ~ |'©~PO1'SS OPETatons)  p, ion of cost of organizations | Effi Teger INSAT | pererministic | Exact ETAPA X OPER among the participants.
al, (2018) incorporating N Programming
‘multiol involved, acquisition cost and
u ph_e transportation cost across all
organisations organizations and all time periods.
Online scheduling
problems with .
Nurre and Mixed Integer B B
Sharkey, Access Restoration ﬂex{b\e release Maximize the sum of peak flow Efficacy Linear Deterministic Exa;t, ETAPA OPER Analysis of the change in peak flow in the network over
dates: Applications Heuristic time in the face of flood events.
(2018) Programming
to infrastructure
restoration
A maximal multiple
loglu and coverage and Maximize multiple coverage of the Integer Linear |Analysis coverage in terms of total number of emergency
9 Access Restoration | network restoration | demand for emergency services over a Efficacy e Deterministic Heuristic ETAPA OPER response relocations and total distances associated with
Albert, (2020) N N Programming
prablem for disaster time horizon these relocations (in miles)
recovery
Maya-Duque The accessibility arc Integer Linear Analysis of average percentage improvement in
¥ 9 Access Restoration " Minimize total cost of flow Efficiency ©g N Deterministic Exact ETAPA OPER accessibility for each combination of budget level and
etal, (2013) upgrading problem Programming
number of vertices.
R:;irr;mu;k Minimization of the time required to serve
Sakuraba et Access Restoration accessbilily the affecled population, Minimization of Efficacy Integer Linear Deterministic Heuristic METAPA OPER Analysis of accessibility improvement before and after
al., (2016a) the weighted sum of the SP distances to Programming repairs.
planning after a -
. each destination in all time periods.
major earthquake
Mum-u?béelct\\:, multi Minimize fixed costs for setting up p : non;ed Mswgnme:t ofhdwlsasv{er
perioc location- distribution centers, vehicle travel cost ominated areas and venici E_S o
routing model to sorting genetic distribution centers; each B
. and the cost of repairing roads on . . ; . An analysis was performed on the change in the value of
Vahdani et |Access Restoration and| distribute relief after N Efficiency, Nonlinear Integer algorithm Il disaster point can be o N
1. (2018h) Relief Distributi Ahquake b damaged roads; Minimize maximum Eff Proarammi Deterministic (NSGAI) and ETAPA X PVD EST, OPER rved more th nce by inter-location distances as a function of route time, and
& et on e q;a ey travel time on the route; Maximize route cacy rogramming tiobi :ive S¢ diffe :: :'.1‘0 ce by the increase in route cost and reliability.
considenng reliability for equipment maintenance in muitiobjec rent venicles.
emergency roadway| o particle swarm
. this process. 3
repair optimization
(MOPSO)
From an ANOVA it was determined that the variability in
the performance of the four rules (maximum number of
blocked edges, accessible blocked with the shortest
Coordinating debris | Maximize the cumulative accessibility of Mived Integer working time, accessible blocked that is closest to the
Ozdamar et Access Restoration ‘cleanup operations lhg nel(wurk dL.II'Iﬂg the cleaning operation; Efficacy Linear Heuristic ETAPA OPER first available busy crew, accessible blocked edge and
al., (2014) in post disaster road| Minimize the time it takes to complete the Programmi whose cleanup results in the maximum proportion of
networks cleaning (the makespan) g ng their total savings) that we have discussed so far are
statistically significant. The analysis also indicates that
the performance of each rule varies significantly
depending on the scenario solved.
[Experiments were addressed using a set of 80 simulated
instances and a real instance. The time period from
Work-troop N .
scheduling for road Minimize the weighted sum of the which all population becomes accessible was used to
et Ac - K - " h N ver all i Effi Integer Linear Heuristi ETAPA OPER Aggregate Unit of imeasure the quality of the solutions obtained. This metric
al., (2016b) cess n at ' 0 eac 4 over all ime, cacy Programming eunstic Remedial Resources is referred henceforth as
e;ﬁq’:jﬂzr periods “accessibility", and its average value obtained by CPLEX
and by the heuristics for
each instance set.
Averbakh, Emergency path Time-to-repair analysis was performed for problems with
(2012) Access Restoralion restoration problems Minimize total recovery time of all nodes | - Efficacy ETAPA fixed initial server locations and flexible initial locations
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““" RorayYel Type of Problem

Minimize the total cost in the pre-disaster
phase consisting of the sum of the fixed
cost of establishing warehouses, the fixed Exact
p cost of itionis itarian relief (Separable .
approachto atrade-| items, and the total cost in the post- Programming SensAay of me;od:;w;a reslpetl:t lol t?‘e |m[;o;‘la o
off among efficiency,| ~ disaster phase, including the cost of I to Linearize pargmeters usecH wiy edve 4 roug Lo
Rezai-Malek SR T—— efficacy, and and the addi cost of Mumop;ec e .| the Model and . indices mqt 5 the iy izl
etal (2016) Relief Distribution baléince for r elief pre- holding penalties for unused items; Efficacy Nonlinear Stochastic Epsilon METAPA EST, OPER Stochastic model demand satisfaction, the expected satisfied demand
p i 2 y Programming p index for PD, the network attention as a function of
L level ol ime ; Comuas o demand, and the expected time-weighted quantity
disaster demand-, and priority-weighted utility of Solve the : delivered
management the aid delivered; Minimize the maximum Multiobjective
expected difference in the utility levels of Problem)
the aid to alleviate suffering in the affected
areas
Model 1: Minimize the cost of establishing
warehouses and distribution centers and
storing products in the warehouses and
distribution centers (Obj.1); Model 2:
Minimize the vehicle travel cost; the first Reliability of routing, each
Two-stage muilti- | part indicates the travel cost between the zone can be served by
objective location- | distribution center for the customer and only one vehicle, No
routing. y the for the distri center Multiobjective ¥ ion of arc of the to changes in their values in
Vahdani et al model for and the second part represents the Efficiency, Linear capacity for relief supply, | each objective function. The parameters considered are
(2018a) ReReeDistohuion humanitarian transportation cost between the affected | Efficacy Programming Deterministc N;g:légnd METAPA ESTOPER inventory decisions only at| travel time between locations and demand for disaster
logistics network areas. The second objective function Model Warehouses (distribution areas.
design under minimizes the vehicle travel time (Obj.2). center) and not at local
uncertainty The third function maximizes the route distribution points or
reliability in which the first part represents immediate relief.
the reliability of the routes between the
circulated customers and the reliability of
the routes from the distribution centers to
the customer and vice versa (Obj.3).
Network restoration Integer Linear
and recovery in Programming,
funayarkn Mixed Integer, Accuracy, ETAPA, Review Article (2000~ Most studies consider a two-stage scenario, where all
Celik, (2016) | Access Restoration operations: Dynamic Deterministic |Metaheuristics METAPA PVD, PDD | EST, OPER 2016) unicertainty is revealed at one pointin hme
Framework, Programming , Heuristics pol .
literature review, and and Discrete-
research directions Event Simulation
Prepositioning of
asselsand supples Integer Linear
in disaster £
Sabbaghtork Programming, Accuracy, .
anetal Relief Distribution operations _ Mixed Integer and| ETAPA TAC Review Atticie (2000- Tailor-made models for specific types of disasters.
(2020) managemerk Discrete Event , Heuristics 2018)
Review and % 3
Simulation
research gap
identification
Ottt o
Yanand |Access Restoration and o Smenpency Minimize total repair time; Minimize total Integer Linear — to be considered, a Asenstivty analysis of|he_(otal nu_mber obwork tgarvs.
roadway repair and Efficacy Deterministic Exact ETAPA OPER 4 the number of work teams in each job and the weighting
Shih, (2009) Relief Distribution product delivery or distribution time Programming multimodal network may
subsequent relief be investigated in the of each FO.
distribution
future.
A mathematical
Tuzun and modeffopost. i 3 The model proposed here Analysis of the impact on repair equipment allocation and
disaster road Maximize the dynamic accessibility of the Integer Linear —— is a dynamic path-based i iz - <
O(z;oa&l;ar, Access Restoration : : ,_ S ik Efficacy Programming Deterministic METAPA TAC model (the first one we on the objective m::trl:: afnl;oe': 1:,.:?:::(’15 in the availability
accessibility and know of).
evacuation
Vehicle routing and
Al ted and Minimize the amount of unmet demand, Social S Four classifications of small-, medium- and large-scale
Murray Relief Distribution in and ed |welfare and P ege = Deterministic Heuristic ETAPA OPER Evacuation Decisions test problems were used to evaluate
(2017) humanitarian relief workers. equity TograTRYNNg el de las vari pi
operations
Column Generation
based heuristic for S
Victoria etal,| et Distribution | the Vehicle Routing | Maximize total satisfied demand Efficacy Integer Linear | 1\ o ministic | Heuristc | ETAPA OPER Eveluation of:sottlon time: and performanceiuncion
(2016) 8 Programming value for different instance sizes.
Problem with Time-
D Demand
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m‘::'w' Type of Problem Title FDESEM Dimension| EQUID TMOD NMOD ALG DECET CAPTRAN TPAIS DLEVEL OTHER Type of sensitivity analysis or scenarios
An optimal schedule No travel time
Luetal, Access Restoration ::hi:i"r;;:g Minimizing the cumulative travel cost of Efficacy Integer Linear Deterministic Heuristic ETAPA OPER non_swderatiun, the same An analysis of experiments varying the number of
(2016) based on the areed the entire network Programming repair time is assumed for| damaged links and their impact on the objective function.
2l omhrg Y all damage
A humanitarian
logistics model for
disaster relief
. S . Mixed integer Standard relief time Comparison between commercial and humanitarian
Anmadi et al operation Minimize Total distribution time, penalty | noninear fimitations. Homogeneous| logistics based on the variation of the maximum reief
Relief Distribution considering network| cost of unsatisfied demand and fixed Efficacy Deterministic Heuristic METAPA X EST, OPER N N o
(2015) failure and standard costs of opening LD programming capacity facilities and time in both contexts and its impact on the objective
relief time: A case model vehicles. VNS Algorithm function.
study on San
Francisco district
An integrated
network_desmn and Minimize the cumulative weighted N .
AI:Z?IIM and Access Restoration scheduiing problem distance between demands and the Efficacy Integer Linear Deterministic Heuristic ETAPA OPER Identical crews Analysis of objective func(mr! value and computation time
, (2018) for network recovery Programming using different instance sizes.
and emergency nearest open facilities on the time horizon
response
‘Community Restoration programming
resilience-driven | Maximize the resilience of interdependent Mixed Integer of interdependent critical
Karakoc et Access Restoration restoration model for| infrastructure networks; Minimize the total Efficiency Linear ETAPA infrastructure networks is | Behavioral analysis of unsatisfied demand considering
al, (2019) interdependent cost associated with the restoration Progranmsing modeled from a different recovery times.
infrastructure process. ‘community resilience
networks perspective
The repair ime depends
on the severity of the
damage and the number
Fuzzy B:s'ed of damgages in a damaged
Hemakumar ) ;g:tzz‘;mugf region. A fuzzy rule-based| Evaluation of resource requirements and peaple capable
etal, (2017) Access Restoration Distribution System ETAPA PREP system is developed for |of repairing damage for different minimum and maximum
) during Post Natural repair t\_me estimation levels of severity.
Disasters censidering the available
linguistic information
about the severity of the
system damage.
S Short-term disasters in
. Network repair crew | Minimize the weighted sum of the total Mixed Integer ! .
Kimelal, Access Restoration |scheduling for short- damage in isolation and the time to Efficacy Linear Metaheuristics| ETAPA PVD, PDD OPER the post-disaster period .Opumal rano.s and computation times for normal
(2018) term disasters complete a repair kit Programming Ant coIoDn;'. Isolated distributions with different numbers of repair teams.
nodes
Metaheuristics
- the non-
An integrated dominated Due to the high complexity of the problem, the Epsilon-
location-inventory- Minimize the total cost of acquisition and sorting genetic Constraint method, coded with Lingo software, could not
routing humanitarian preparation before the disaster occurs. ! algorithm Il produce a solution to the prob\em_. Therefore, the
Tavana et al supply chain Minimize the total OPER cost of Efficiency Mixed Integer (NSGA-Il) and Central warehouse problem was coded and solved in NSGA-Il and
©018) . Relief Distribution network with pre- assistance in the action (confrontation) Efﬁcacy‘ Linear the METAPA EST, OPER location decisions. RPBNSGA-II. The results and information obtained from
and post-disaster phase after the d\saste_r occurs. Mlnlmlz_e Programming benchmark- Perishable products  |the analysis of variance (ANOVA) concluded that NSGA-II
management the total time of operational assistance in based non- performs better than RPBNSGA-Il on small problem
considerations ithe action phase after the disaster occurs. dominated sizes. At the same time, RPBNSGA-Il outperforms NSGA.
sorting genetic Il on large problems
algorithm Il
(RPBNSGA-).
Two-stage
stochastic
Grass and o Mixed Integer
Fischer, | Relief Distribuion | Programmingin Minimize the total cost of the trip. Efficiency, Linear Stochastic METAPA X EST, OPER
(2016) disaster Maximize total demand satisfied Efficacy Programming

management: A

literature survey
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Author(s)/Ye|
ar

Type of Problem Title FDESEM Dimension| EQUID TMOD NMOD ALG DECET CAPTRAN TPAIS DLEVEL OTHER Type of sensitivity analysis or scenarios
A column generation .
Faiz etal,, Relief Distribution algorithm for vehicle | Minimize the total cost of transportation to Efficiency Mlxle_clin\:t;ger Deterministic (g:lz':m ETAPA X OPER Performance function impact analysis based on the
(2019) scheduling and carry out all necessary operations. Pro variation of parameters of interest.
routing problems gramming generation)
Abranch-and-
Benders-cut Exact (Branch
algorithm for the Minimize the time that demand nodes cutting " N y
Moreno et al, Relief Distribution Crew Scheduling | remain inaccessible from the repository | Efficacy Deterministic | algorithm and | ETAPA Branch Cutling Algorithm | - Performance analysis of heuristic methods based on
(2019) o o - and Benders (BBC) objective value.
and Routing gl by their ¢ Benders
Problem in road (BBC))
restoration
A mathematical Metaheuristic
meodel for location of (scatter
" . temporary relief Mixed Integer search and . : " .
Alinaghlen et Relief Distribution centers and Minimize arrival time at the last aid center | Efficacy Llne;g Deterministic | neighborhood | ETAPA OPER Comparsiive GAP endlysis of esch sokutio provided by
al, (2019) three algorithms.
dynamic routing of Programming search;
aerial rescue Genetic
vehicles algorithm)
A model for
assignment of . - . .
Lietal, Relief Distribution rescuers Minimize total network repair time Efficacy Integer Linear Deterministic Metaheristic ETAPA Analysis of the results ,Uf assigning rescuers to different
(2019) o . Programming (ant colony) rescuers with varying degrees of competence.
considering multiple
disaster areas
A multi-objective Minimize the unsatisfied demand of the
evolutionary affected points with the purpose of
Zhouetal algorithm for multi- satisfying the demand of people in Social Multi-period dynamic
©017) N Relief Distribution period dynamic disaster areas. Minimize the risk of welfare and ETAPA emergency resource Test model performance on different road networks.
emergency choosing the damaged road, and aims to equity scheduling (ERS)
resource scheduling guide the rescue team to select
problems appropriate and efficient roads.
Transportation Maximizes the updating of links that are To illustrate the role of relief inventory on the number of
Edrissietal, Relief Distribution network reliabilty in important and have a high probability of Efficacy Integer Linear X Exact ETAPA Limited budget f,m deaths, a sensitivity analysis is performed at different
(2015) emergency failure. Programming network restoration levels of relief supplies.
response
Integrating location The objective function ( 1 ) minimizes the
s . and network Iu;a\ :usstlwal:iswsllng pffaclltny Iu(::l\;;:e [
anci a . costs, restoration equipment costs. ixe eger . N
Daskin, Accr: s Re_ston_‘atu?n and 4 restoration objective function (2) minimizes the Efficiency Linear Stochastic Heuristic METAPA EST, OPER 5'”9'9_3“’ claim at ‘_"‘9 Percentage ana\ysu_s of expected satisfied demand for
elief Distribution in relief N beginning of the period various budget levels.
(2019) networks under | 1" 1 costs for y relief Programming
uncertainty items and catering equipment, and the
unmet demand costs
Mathematical
Models in
y Mixed Integer Metaheuristic
Habib et al., Relief Distribution Humanitarian Supply| Maximize network accessibility Efficacy Linea?g (Genetic METAPA Pefcemage repaired at damaged node§ based onthe
(2016) Chain Management. Programming Algorithm) variation in the number of repair crews in urban areas
A Systematic
Literature Review
Integrated optimal Mixed Integer The repair team and the
Shinet al., |Access Restoration and| scheduling of repair | Minimize the last transport time of all Efficacy Linear Deterministic Metaheuristic ETAPA OPER support vehicle are Computational experiments performed by varying the
(2019) Relief Distribution crew and relief demand nodes. B _ (ant colony) supposed to start from number of edges.
vehicle after disaster| rogramming the same depot.
Optimal scheduling | Minimize the short-term OPER cost for
Yanetal. . of logistical support |logistics support, which mc_ludes a sum of . M|xeq Integer o Exact Two sensitivity analyse§ of the essenua?l model
(2012) ' Access Restoration for an emergency | the OPER cost of the vehicle, the cost of | Efficiency Linear Deterministic (CPLEX) ETAPA parameters (number of vehicles and material demand)
roadway repair work external use of the vehicle and the Programming are performed to examine their influence on the solution.
schedule transportation cost de material
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Author(s)/Ye|

ar Type of Problem U OTHER
Pre-positioning of
relx?;msc;xnr;def szns"sfiéa Ag';:;r?'p'rg::geﬁzz‘w:d Analysis of expected percentages of total weighted
Aslan and |Access Restoration and i bility with Minimize total time to deliver aid, Minimize Effi Stochastic h METAPA TAG. OPER ingle DC t d demand satisfied for half-hourly intervals under the three
Celik, (2019) Relief Distribution Vunerabity unsatisfied demand cacy ocha approac N BHIgS L1 30 Vo objectives with no repair and with repair immediately
concurrent based on an coordination problems. available.
restoration and relief SAA scheme) )
transportation
In the distribution of relief
goods, one should try to
move essential goods
from warehouses to
points of demand. Then,
decision makers may
Modeing and soving o e llicd ek
the multi-period : Social Mixed Integer Metaheuristic
Cocoetal, Relief Distribution disruptions Mlmmll.e the fotal cost of deprivation welfare and Linear Deterministic | (Simulated ETAPA OPER 0 ".”°"‘e' b achveye the
(2020) Minimize the total OPER cost optimal use of available
scheduling problem equity Programming Annealing)
o b et goods. Therefo_re, one of
the challenges in disaster
management is to
redistribute relief goods to
avoid severe shortages in
'some areas, while excess|
inventory in other areas.
g | o b gt dett e o s
: iiver all reli erials. Maximize ix eger - i 8
Chenetal, Relief Distribution and}dnﬂerem!al minimum compliance rate of all affected | Efficacy Linear Deterministi METAPA Convergence analysis genetic a!gomhm ¥5. generation
(2020) evolution algorithm 2 ired f h i veict Brogrammnis number for each objective function.
for Natural Disaster | 1> requred for eachiiype o g 0
: material.
Relief
Work crew routing
Morshediou Access Restoration _pmblem for Maximize network accessibility Efficacy Integer le_aar D ETAPA Scenario analysis for dﬂ_’erent} levels or degrees of track
etal, (2018) infrastructure Pre disruption.
network restoration
Restoring
infrastructure
om— » ~ systems: An Maximize the cumulative weighted flow Kitiges Linesi | Heuristics ) ) )
(2012) " | Access Restoration | integrated network reaching the demand nodes over the Efficacy Programming Deterministic (dispatch ETAPA Comparison of different resource dispatch rules.
design and horizon of the problem. rules)
scheduling (INDS)
problem
Collaborative
dynamic
optimization on post
earthquake Mixed Integer . "
S:ﬁ" (52':)61"5;‘ Access Restoration | emergency supply Maximize network accessibility Efficacy Linear _ Deterministic Heuristic ETAPA Scenleiz'r:'oe:n;wjgﬁmgrgjgz?:;;zﬂ?;::layed
and road Programming
rehabilitation based
on road network
connectivity
Post-disaster e Sl . . Damage assessment . o b e T
Oruc etal., network Minimize | Efficiency, Integer Linear < A scenario analysis is performed considering different
(2018) Relief Distribution 1t routing OPER cost Efficacy Programming Deterministic ETAPA operations. Use of drones numbers of drones and motorcycles
problem and motorcycles
A branch-and-price
algorithm for the
Livetal home-caregiver Social Integer Linear Comparative analysis of "soft time windows" and "hard
o Relief Distribution scheduling and Maximizing relief equity welfare and 3 Deterministic Exact ETAPA Use of helicopters time windows" to analyze the impact on the objective
(2019) 5 N S Programming 4
routing problem with equity function.
stochastic travel and
service times
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a; " Typeof Title FDESEM Dimension| EQUID TMOD NMOD ALG DECET | LDEP | LREP CAPTRAN DEMAN TPAIS DLEVEL OTHER Type of sensitivity analysis or scenarios
Post-disaster power
Yan et al pf:::r:g antglr;sr?:g Integer Linear Sequence-dependent Sensitivity analysis of the repair speed model, ie., the
(2020) | AccessRestoration senuence Maximize network accessibility Efficacy Programming | Deterministi Exact ETAPA repair periods repair period is directly aﬁdeclted by the repair speed
dependent repairing model
period
A network-based
approach to the
multi-activity
combined
Barrera et al timetabling and crew| Integer Linear Scenario analysis for different number of damaged links
(2012) Access Restoration scheduling problem: Maximize network accessibiliy Efficacy Programming Deterministic Exact ETAPA and their impact on the performance function
Workforce
scheduling for public
health policy
implementation
Evaluation model for|
damage extent of
Qinetal roads in Wenchuan Integer Linear A scenario analysis was performed evaluating different
N Access Restoration | earthquake-stricken Maximize network accessibility Efficacy g Deterministic Exact ETAPA instance sizes and their impact on the performance
(2010) Programming
areas based on function.
remote sensing
information
A hierarchical
compromise model
for the joint
optimization of
Liberatore et ~ Integer Linear Analysis of various instance sizes and their impact on
al, (2014) Access Restoration recovery u_pefahuns Maximize network accessibility Efficacy Programming Deterministic Exact ETAPA the objective function
and distribution of
emergency goods in
Humanitarian
Logistics
Post-disruption
Wu and perfnrtman;e o L
Wang, Access Restoration |"€C0VeY to ennance Maximize network accessibility Efficacy MEger Lnear | pterministic Exact ETAPA
resilience of Programming
(2020)
interconnected
network systems
Item Description
FDESEM  |Description function(s) performance
Dimension |Performance measure dimension
EQUID Consideration Equity in attention to affected arg|
PRZA Priority affected areas
TMOD Type of model
NMOD Mature of the model
ALG Solution algorithm
. i i ETAPA (Single-stage solution approach)
DECET Single-stage or multi-stage solution approach - -
METAPA (Multi-5tage Solution Approach)
LDEP Decisions to locate humanitarian aid depots
LREP Spare parts warehouse location decisions
CAPLOC  |Facility capacity
CAPTRAN |Transport fleet capacity
DEMAN Consideration Demand for humanitarian aid
. PVD (Application in developing or low-income countries)
TRAIS Country characteristics —— — -
PDD (Application in developed or high-income countries)
OPER (Operational Level)
DLEVEL Decision level TACT (Tactical Level)
EST (Strategic Level)
OTHER Other limitations or considerations
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