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Abstract

Purpose – This article aims to investigate the financial constraints and nonlinearity of farm size growth.
Design/methodology/approach – Farm size growth is measured with land, labor and output using data
from the Farm Accountancy Data Network (FADN) for Hungary and Slovenia. A dynamic panel model is
applied to assess financial constraints and nonlinearity of farm size growth.
Findings – Results show that, except for land in Slovenia and output in Hungary, liquidity constraints are less
important for farm size growth than endogenous factors based on farm size growth expectations and steady farm
size restructuring. Smaller farms are growing faster than larger ones. The hypothesis that a higher level of subsidies
would increase farm size is not supported for Hungary.When farms reach a certain size, the land area of the largest
farms increases. Farm debts in Hungary are linked with land growth and in Slovenia with output growth.
Research limitations/implications – Further research on the impact of liquidity constraints and subsidies
can be conducted at a disaggregate farm-type level to examine whether there is variability in the underlying
interlinkages at the farm-type specialization level.
Practical implications – The implication that farm size growth is dependent on initial size and that smaller
farms are growing faster than bigger ones indicates that it is not necessary to favor the fastest growing smaller
farms thus supports the application of a non-discriminatory farm size policy for observing farm size structural
changes.
Originality/value – The dynamic panel econometric model that incorporates cash flow as a measure of
financial constraints provides insight into farm size growth in cross-country comparison in relation to potential
farm liquidity constraints, farm debt and the nonlinearity of farm size, which information is of relevance to
policy makers and practitioners.
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1. Introduction
There is a wealth of literature about the validity of Gibrat’s (1931) law of proportional firm
size growth – the proposition that the growth rate of firms/farms is independent of their initial
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size at the beginning of a period of examination. Empirical tests of this relationship have
produced mixed results for different types of firms in the manufacturing and service sectors
(Donati, 2016) and different typologies of farms in agriculture (Bojnec and Fert}o, 2020, 2021b;
Bojnec et al., 2022). Farm size growth dynamics might lead to a change in farming structure if
Gibrat’s lawdoes not hold, either due to the catching up of smaller farms that grow faster than
larger farms, or because of greater farm size concentration (when larger farms grow faster
than smaller ones). Potential violations of Gibrat’s law might occur due to financing or
liquidity constraints that are a consequence of restructuring in the banking sector and
changes in lending behavior, particularly if small firms/farms are excluded from receiving
loans (Oliveira and Fortunato, 2006; Fagiolo and Luzzi, 2006; Donati, 2016). Financial or
liquidity constraints on small firm/farm growth may be due to a lack of affordable credit
facilities at mainstream financial institutions that force the former to finance their growth
from cash flow through retained earnings (Donati, 2016; Farooq et al., 2021).

Farm growth requires investments which can be financed from the latter’s own internal
resources or from borrowed external capital leading to farm debts (Fert}o et al., 2020, 2021;
Czubak et al., 2021). If farms face liquidity constraints in terms of their growth, this implies
that the latter can be financed solely from internal farm resources. However, financial
constraints associated with limited or no access to external capital can slow down farm
growth. Underdeveloped capital markets and asymmetric informationmight affect the choice
of farms between the use of internal or external capital for promoting growth. Farms might
also encounter specific challenges associated with economic risk and the structural
characteristics of farm businesses (Mishra et al., 2018; Saint-Cyr, 2022). For those farms that
face constraints in their ability to raise funds externally, reapportioning cash flow can
represent almost the only way to finance growth.

The literature on the relationship between financial constraints and investment is
presently increasing (Fert}o et al., 2020, 2021). The gap in the literature is in another strand of
research that focuses on the growth of farms (Akimowicz et al., 2013; Bojnec and Fert}o, 2020,
2021a, b). The in-depth analysis regarding understanding of the role of liquidity constraints,
farm debts and nonlinearity in farm growth dynamics is basically non-existent. Therefore, the
first contribution of the present paper is its investigation of the baseline relationship among
financial constraints and farm growth for Hungarian and Slovenian farms between 2007 and
2015 using Farm Accountancy Data Network (FADN) datasets. The time-period is restricted
with the comparable FADN data availability, while the two neighboring Central European
countries – Hungary and Slovenia – were selected because of their different farm structures.
They have been members of the European Union (EU) since 2004. Slovenia introduced
Common Agricultural Policy (CAP) when it entered the EU, partly financed by the EU and
partly by national funds, while Hungary introduced CAP gradually, financed from EU
resources (Bojnec and Fert}o, 2022). In addition, the farm structures in both countries are
different. Slovenian agriculture is based on small-scale family farms and Hungarian
agriculture on a dual farm structure with numerous small-scale family farms and a smaller
number of large-size privatized commercial agricultural enterprises and key private holdings
(Eurostat, 2020a, b, c). The second contribution is the applied augmented dynamic panelmodel
controlledwith a farmdebt that impacts can be ambiguous depending on a farm growth cycle:
debts can be a source for farm size growth, but they can constraint farm size growth. The third
contribution is the augmentedmodel with specified a squared farm size variable to control for
potential nonlinearity of farm size growth. The fourth contribution is answer on the research
question, which applies a cross-country comparative perspective, whether liquidity
constraints, farm debts, farm size structure and its possible nonlinearity, additionally
controlled with CAP subsidies, endogenous factors based on farm size growth expectations
and steady farm size restructuring cause farm size growth. Farm size growth is defined as the
natural logarithmic difference between the size of land, labor, or output variables in two

JAMR
21,1

154



consecutive years (Oliveira and Fortunato, 2008). Finally, the focus on the impact of liquidity
constraints, farm debts and nonlinearity of farm size on farm growth using panel data
analysis helps suggest managerial and policy implications for these neighboring countries.

The rest of the article is organized as follows. Section 2 presents an overview of the
literature on farm size growth and liquidity constraints. Section 3 presents the data sample
and dynamic farm growth model that was employed. Section 4 presents descriptive statistics
and the results of econometric modeling. Section 5 discusses results and implications –
including in terms of their broader importance and relevance to other areas – for the emerging
markets literature and policy and practice on the relationship between farm size growth,
liquidity constraints and nonlinearity in farm size growth. The final section, Section 6,
summarizes the main findings and concludes.

2. Review of literature
Testing Gibrat’s law has a long tradition, with mixed empirical results depending on the
country, branch of farming/industry/sector, time/length of analysis, data andmethodological
approach, as well as the selection of control variables or other drivers of firm/farm growth
(Bakucs et al., 2013; Akimowicz et al., 2013; Bojnec and Fert}o, 2020, 2021a, b; Bojnec et al.,
2022). If Gibrat’s law holds, stochastic models of firm/farm growth should prevail and
assuming a proportionate effect, exogenous random changes will drive firm/farm growth
(Geroski, 2005; Ward and McKillop, 2005).

A less investigated issue is the relationship between firm/farm size growth and liquidity
constraints in relation to the difference between the cost of external and internal financing
that pertains to constraints and asymmetric information in financial markets – with higher
transaction costs for external capital being one reason for reapportioning internal cash flow
from retained earnings to finance firm/farm growth (Donati, 2016). Fazzari et al. (1988)
outlined a liquidity constraint hypothesis that applies to internal resources (measured in cash
flow) that can affect firm/farm investment decisions and thus firm/farm growth. Different
capital market structures can also affect farm investment and farm growth (Benjamin and
Phimister, 2002). Small firms/farms can be among those which face financial constraints on
their growth (Beck and Demirguc-Kunt, 2006; Kerstern et al., 2017; Guiomar et al., 2018).
Donati (2016) investigated the effect of liquidity constraints on firm growth for the Italian
manufacturing and service sector separately.

Farmdebts can be an additional driving force that limits access to finance and affects farm
growth. Farm size and the size distribution of farms are heterogeneous between countries and
between branches of farming within countries (Adamopoulos and Restuccia, 2014; Lowder
et al., 2016; Weersink, 2018). This has implications for farm restructuring and nonlinearity in
farm size distribution can affect farm growth.

Several studies have analyzed the validity of Gibrat’s law for farm size growth in
developed (Akimowicz et al., 2013), transition (Bojnec and Fert}o, 2020, 2021a, b; Bojnec et al.,
2022) and both developed and transition economies (Bakucs et al., 2013). However, no study
has thus far investigated farm size growth focusing in relation to liquidity constraints, farm
debts and nonlinearity of farm size. For non-agricultural businesses, Donati (2016) found
heterogeneity in the impact of financial liquidity constraints on Italian firm growth in the
service sectors: specifically, that small firm growth was sensitive to cash flow.

Earlier agricultural economics and finance-related work investigated nonlinear
associations between agricultural productivity, access to credit from formal and informal
sources and farm size (Feder, 1985; Akudugu, 2016), as well as the effect of input credit on
smallholder farmers’ output and income. Farm size and its growth can be driven or
mitigated by various factors related to farms (Bakucs et al., 2013; Akimowicz et al., 2013;
Bojnec and Fert}o, 2020, 2021a, b), resilience in food processing supply chain networks and
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food supply value chain characteristics (Jose and Shanmugam, 2020; Sharma et al., 2020;
Prakash, 2022).

Farm size growth can require investment that is related to farm financial leverage and has
implications for farm production performance. In relation to this process, EU country
subsidies from CAP Pillar I and II payments can play an important role (Mamatzakis and
Staikouras, 2020; Czubak et al., 2021). Subsidies can contribute to firm/farm size growth, but
there can be trade-offs with a potentially negative impact on efficiency and long-term growth
(Bernini and Pellegrini, 2011; Bojnec and Latruffe, 2013; Cerqua and Pellegrini, 2014; Bar�ath
et al., 2020).

The focus of this study is the role of liquidity constraints, farm debts and nonlinearity of
farm size on the growth dynamics of Hungarian and Slovenian farms. The role of liquidity
constraints is investigated by examining cash flow sensitivity. This metric captures a firm’s
propensity to put aside money from its cash flow (Almeida et al., 2004; Donati, 2016; Fert}o
et al., 2020, 2021). This baseline liquidity constraint model is extended to an augmentedmodel
to analyze the impact of the debt variable on farm growth. Finally, a squared size variable is
specified in the augmentedmodel to investigate the potential effect of the nonlinearity of farm
size on farm growth.

3. Data and methodology
The empirical analysis and comparison of farm growth and liquidity constraints, farm debts,
nonlinearity of farm size and controlled with additional explanatory variables is based on
farm-level data from Hungarian and Slovenian FADN datasets. The timespan of the
unbalanced panel dataset used in the analysis is the period 2007–2015 for both countries.

There is no singlemeasure of farm size in agriculture and research findings differ according
to the proxy that is used. This proxy mainly depends on farm production specialization and
technology. We apply both farm size measures: input farm size and output farm size.

The assessment of farm size using output value measures is subject to inflation and
changes in relative prices. FADN data provides at least two possible measures of economic
size of farm. First, FADN code SE005 is economic size of a holding expressed in 1,000 euro of
standard output per a farm on the basis of the Community typology. Second, FADN code
SE131 is total value of output of crops and crop products, livestock and livestock products
and of other output, including that of other gainful activities of the farms. It captures sales
and use of (crop and livestock) products and livestock and change in stocks of products (crop
and livestock) and change in valuation of livestock, but excludes purchases of livestock and
various non-exceptional products. FADN code SE131 was used as the output value measure
for the economic size of farm, which was deflated to euros at constant prices using the
statistical indices of agricultural output prices.

Physical input farm size measures are often characterized by nonlinear production
technology and are affected by changes in the mix and proportion of inputs. Although
statistics about input farm size generally refer to land in terms of utilized agricultural area
(UAA in hectares) per farm, this indicator is often irrelevant for livestock farms. For this
reason, in this paper farm input size is also captured as the amount of labor that a farm uses:
i.e. the number of full-time equivalent workers employed per year on a farm (in Annual
WorkingUnits orAWUs; 1AWUrepresents 1800 h per year), including both family and hired
workers for both Hungarian and Slovenian farms.

Thus, two input farm size variables (hectares of UAAper farm – the FADNvariable coded
SE025 and number of AWUper farm – the FADNvariable coded SE010) and one output – the
FADN variable coded SE131, are used.

The cash flow variable is the FADN variable coded SE526 (“cash flow”), defined as the
difference between farm receipts and expenditure for the accounting year, not taking into
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account operations related to capital, debts and loans. The debt variable is the FADNvariable
coded SE485 (total liabilities). The subsidy variable is the FADN variable coded SE605,
defined as the total CAP subsidies for current operations linked to production but excluding
investments. Cash flow, debt and subsidy variables were deflated to euros at constant prices
using the statistical indices of harmonized consumer prices obtained from the Hungarian and
Slovenian statistical offices.

Because our dependent farm size growth variables are in percentages, we normalize cash
flow, debt- and subsidy variables by total assets (FADN code is SE436).

The FADN variable coded TF8 group includes the following eight types of farms: (1) field
crops, (2) horticulture, (3) wine, (4) other permanent crops, (5) milk (or dairy), (6) other grazing
livestock, (7) granivores and (8) mixed (EC, 2018). This sectoral variable reflects differences or
heterogeneity in farm types.

FADN data for the unbalanced panel for the period 2007–2015 are derived for
Hungary from around 17,500 observations, or around 1,950 farms per year, while for
Slovenia from around 8,200 observations, or on average around 900 farms per year. If we
had used a balanced panel, we would have lost 32% of the farms in the sample from
Hungary and 80% of farms in Slovenia. For this reason, we decided not to use balanced
panel data.

To investigate the effect of liquidity constraints on farm growth, controlled with specified
explanatory variables, we estimate the following baseline model:

growthi;t ¼ αi þ β1lnSi;t−1 þ β2growthi;t−1 þ β3CFi;t−1

�
total assetsi;t−1

þ β4subsidyi;t−1
�
total asseti;t−1 þ ηindustryit þ δyeart þ εi;t (1)

where growthi,t is the dependent farm size growth variable measured by input or output size
variables calculated as the natural logarithmic difference between the size measures in two
consecutive years and refers to farm i and time t (Oliveira and Fortunato, 2008).

Si,t�1 is the size of firm/farm i at time t�1 calculated as the natural logarithm of land, labor,
or output variables. If β15 1 (i.e. if Gibrat’s law holds), the probability distribution of growth
is the same across sizes of farms, because the growth rate is independent of farm size. If,
however, β1 < 1, smaller firms/farms tend to grow faster than larger ones and vice versa: if
β1 > 1, larger firms/farms tend to grow faster than smaller ones.

CFi,t�1/total assetsi,t�1 is the cash flow variable at time t�1, which is not in natural
logarithm form due to some negative values. The sign of the regression coefficient of the cash
flow term β3 should be negative or not significant under the assumption that a farm can raise
as much money as it desires at a given cost. A positive and significant cash-flow regression
coefficient is usually interpreted as a sign of credit rationing and thus an indicator of financial
constraints (Fazzari et al., 1988).

To control for possible time shock, we add year dummies. To test for sectoral
heterogeneity, we use sector/types of farms (industryit) dummies.

CAP subsidies from Pillar I and II payments as additional sources of cash flow can help
to mitigate financial constraints. The variable CAP subsidyi,t�1/total asseti,t�1 is
considered at time t–1. CAP subsidies are excluded from CF. We test separate effects of
these two variables, because the former is related to government policy, while the latter
captures market-driven cash flow (Bojnec and Fert}o, 2019a, b). CAP subsidies include
Pillar I (direct payments) and Pillar II (rural development, agri-environmental, less
favored areas and other rural development payments, including investment subsidies)
payments to farms.

To analyze the impact of financial situation on farm growth we extend our baseline model
with a debti,t�1/total assetsi,t�1 variable:
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growthi;t ¼ αi þ β1lnSi;t−1 þ β2growthi;t−1 þ β3CFi;t−1

�
total assetsi;t−1

þ β4debti;t−1
�
total asseti;t−1 þ β5subsidyi;t−1

�
total assetsi;t−1 þ ηindustryit

þ δyeart þ εi;t

(2)

Finally, to check for potential nonlinearity of farm size, we add a squared farm size variable to
the augmented model:

growthi;t ¼ αi þ β1lnSi;t−1 þ β2growthi;t−1 þ β3growth
2
i;t−1 þ β4CFi;t−1

.
total asseti;t−1

þ β5debti;t−1
.
total assetsi;t−1 þ β6subsidyi;t−1

.
total assetsi;t−1 þ ηindustryit

þ δyeart þ εi;t

(3)

We employ the GeneralizedMethod ofMoments (GMM) estimator developed byArellano and
Bover (1995) and Blundell and Bond (1998), also referred to as the GMM-system estimator.
Windmeijer (2005) proposes a finite sample correction that provides more accurate estimates
of the variance of the two-step GMM estimator (GMM-SYS). As the t-tests based on these
corrected standard errors have been found to be more reliable, the regression coefficients are
estimated using a finite sample correction. The lagged dependent variable is instrumented
with its t–2 and the subsidy variable is also treated as endogenous using t–3 lag levels as
instruments.

4. Results
Results are presented in four steps: first, we present descriptive statistics in the form of the
mean values of the variables specified in our econometric model during the period of analysis.
Second, we graphically present the distribution of farm size over the period of analysis. Third,
we present farm size concentration between the first and last analyzed year using the Gini
coefficient of concentration or the Gini index. Finally, we present our regression results for the
baseline model specification and the augmented models for farm debt and squared farm size
variables, respectively.

4.1 Descriptive statistics
Table 1 suggests that farm size growth in Hungary is independent of the measure of farm
size, but the speed of farm size growth depends on themeasure used for farm size: it is slowest
for land size growth (0.1%), followed by labor size growth (0.7%) and it is fastest for output
size growth (1.6%). This implies partial growth of land and labor productivity. In contrast,
farm size growth in Slovenia depends on the measure of farm size that is employed: for the
years under analysis, it increased by 1% for land size and by 1.5% for output size, but
declined by 2% for labor size. These results imply an increase in land productivity and
particularly in labor productivity, as more output has been produced with less labor. As can
be seen from the standard deviations and the minimum andmaximum values of the analyzed
variables, the intervals for farm size adjustments in Hungary are larger than those in
Slovenia, which may be explained by the bigger average farm size structure of the former
country. This is further confirmed by the mean values for one-year lagged land, labor and
output variables, as well as by their absolute standard deviations and minimum and
particularly maximum values.
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Farms in Hungary on average received almost two times asmuch in subsidies per total assets
as those in Slovenia. The difference is also for the largest farms. Cash flow per total assets on
Hungarian farms is also more than two times as great as that for farms in Slovenia. The
differences in the corresponding values for standard deviation and maximum values are of a
similar magnitude, while for the minimum value are of an even greater magnitude. Debt per
total assets on Hungarian farms is almost ten times as great as that for farms in Slovenia.
This is strongly due to the situation of the largest farms, where the difference in the
corresponding maximum values is of an even greater magnitude.

4.2 Farm size structures
The number of farms has declined in both Hungary and Slovenia. According to Farm
Structure Surveys, between 2013 and 2016 in Hungary the number of farm households
declined from 486,741 to 429,990 or by�11.7% due to the concentration of farm households,
while in Slovenia the number declined from 72,337 to 69,902, or by�3% (Eurostat, 2020a, b,
c). At the same time, the average farm size in terms of UAA per farm household increased
from 9.43 ha to 10.86 ha in Hungary and from 6.71 ha to 6.99 ha in Slovenia. At first glance it
may appear that both countries predominantly have small-scale farms. However, unlike in
Slovenia, where in addition to relatively small average farm size there is also greater equality
of farm size distribution, in Hungary there is greater inequality in farm size distribution. For
the latter, the smaller number of agricultural enterprises and key private holdings manage
and operate a great majority of agricultural factor endowments and farm resources, as well as
produce themajority of agricultural products – particularly cropswhich requiremore capital-

N Mean Std. Dev Minimum Maximum

Hungary
land growth 13,884 0.001 0.199 �5.23 3.18
labor growth 14,608 0.007 0.353 �4.59 4.18
output growth 14,531 0.016 0.561 �4.89 8.84
landt�1 14,608 200.9 514.4 0.0 9650.7
labort�1 14,608 5.5 16.9 0.01 433.8
outputt�1 14,608 292,673 1,094,721 �287,885 3.21eþ07
CFt�1/total assett�1 14,608 0.158 0.212 �9.109 3.696
Debtt�1/total assett�1 14,608 0.203 0.281 0.000 12.062
total subsidyt�1/total assett�1 14,608 0.107 0.095 0.000 3.129

Slovenia
land growth 5,683 0.010 0.010 �1.90 1.49
labor growth 5,685 �0.020 0.266 �3.80 2.70
output growth 5,668 0.015 0.424 �3.57 6.65
landt�1 5,692 19.5 19.9 0.0 241.3
labort�1 5,692 2.0 1.6 0.09 46.1
outputt�1 5,692 45,710 60,385 �57,219 949,568
CFt�1/total assett�1 5,692 0.075 0.091 �0.762 1.936
Debtt�1/total assett�1 5,692 0.021 0.060 0.000 0.851
Total subsidyt�1/total assett�1 5,692 0.050 0.065 0.000 2.129

Note(s): The number of observations (Ns) for the growth variables differs due to the following two reasons:
farmswithout landwhen the land value is equal to zero and some farms experienced negative output values. In
both cases, when the growth variable was defined as the natural logarithmic difference between the size
measure in two consecutive years, these observations dropped out of the sample
Source(s): Authors’ estimations based on Hungarian and Slovenian FADN data

Table 1.
Descriptive statistics
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and land-intensive technologies – vis-�a-vis the relatively larger number of small private
holdings.

The average farm size measure slightly declined for our FADN data samples in terms of
land and labor inputs per farm, contradicting our theoretical expectation and statistical facts
about total farm household population. Typically, a declining number of farms corresponds
to an increase in farm size (Plogmann et al., 2022). Farm size distribution for our FADN data
samples suggests a very small increase in concentration in all size measures. Unlike Farm
Structure Surveys, which are based on the population of farm households, FADN data are
based on a sample of farms (EC, 2018). For Slovenia, where family farms prevail in the
farming structure, in the FADN sample more viable farms are included, which are thus
relatively larger than the average farm size in the country. A similar situation occurs with
bothHungarianmedium- and large-scale agricultural enterprises and key private holdings on
the one hand and smaller family farms on the other. In a dual farm structure such as exists in
Hungary, a crucial role is played by a smaller number of larger commercial, privatized
agricultural enterprises and key private holdings. Consequently, for both countries farms in
the FADN sample on average are larger andmore likely to be viable than the national average
of the total farm household population.

Due to the substantially smaller initial farm size in Slovenia vis-�a-vis Hungary, the rates of
growth/decline for land, labor and output in Slovenia do not suggest either considerable
convergence or divergence towards the bigger farm size distribution that is characteristic of
Hungary. The rather stable pattern of the development of farm size during the period of
analysis suggests that it is more likely that farm size structures in Hungary and Slovenia will
also be different in the future.

Different farm size distribution between Hungary and Slovenia in our FADN samples is
also confirmed by Figures 1 and 2. The structures of land in UAA per farm, labor in AWUper
farm and output in euro at constant prices per farm in Hungary are much more unequally
distributed than in Slovenia: 20% of the largest farms in Hungary operated on more than
three-quarters of UAA, employed a slightly higher share of AWU on farms (close to 80%) and
produced more than 80% of output on farms. Comparatively, in Slovenia the shares for the
20% of the largest farms are much smaller: the latter operated on more than 50% of UAA,
employed less than 40% of AWU on farms and produced slightly less than 60% of output.
Consequently, all other smaller sized farms in Slovenia are relatively more important in terms
of UAA, AWU and output structures than those in Hungary (Bojnec and Fert}o, 2021b).

Considerable differences between the countries’ farm structures are observed according to
the TF8 typology of farms. As clearly illustrated in Figure 3, in Hungary field crops are the
most important ones (51.1%), followed by mixed (12.8%) and granivore farms (10.5%). The
share of the remaining types of farms varies between 3.5% for wine and 7.8% for permanent
crops. In Slovenia, other grazing livestock farms are the most important (43.5%), followed by
mixed (24.6%) and field crops (12.7%). The share of the remaining types of farms varies
between 1.6% for horticulture and 7.1% for other permanent crops. These empirical facts
reflect the greater role of large-scale crop farms in Hungary and smaller livestock and mixed
farms in Slovenia.

4.3 Farm size concentration over time
The Gini coefficient of concentration (Gini index) was used to represent the frequency
distribution of farm size inequality in Hungary and Slovenia. A Gini coefficient of zero
expresses perfect equality, or no farm size concentration, with farm size values being the
same. A Gini coefficient of one expresses maximal inequality among farm size values (i.e. if
only one farm size group is responsible for all the farm inputs or farm outputs – all other farm
sizes are responsible for none –, the Gini coefficient will be very nearly one).
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Land in UAA in ha per farm in Hungary is more concentrated among bigger farms than in
Slovenia, where farms on average are much smaller (Table 2). Land farm size structures have
been rather stable over time. Between 2007 and 2015, there was slight de-concentration in
Hungary and slight concentration in Slovenia.

Rather stable developments in the evolution of the Gini coefficient of concentration can
also be seen for labor in terms of AWU farm size. Again, there is a gap in labor in terms of
AWU farm size between Hungary and Slovenia, with labor associated with AWU farm size
being more concentrated in the former than in the latter.

0 0.2 0.4 0.6 0.8 1

Source(s): Authors’ estimations based on Hungarian FADN data

0 0.2 0.4 0.6 0.8 1

Source(s): Authors’ estimations based on Slovenian FADN data

Figure 1.
Distribution of farm

size measures in
Hungary, 2007–2015

Figure 2.
Distribution of farm

size measures in
Slovenia, 2007–2015
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Farm size concentration is greatest in the case of output in both countries. Output farm size
concentration slowly increased in Hungary, while the concentration of output remained at the
same level in Slovenia.

To sum up, farm size in Hungary is more concentrated than in Slovenia. Hungarian farm
size structure has stabilized for all three farm size measures without substantial structural
change during the period of analysis.While land farm size changesmay be related to changes
in government policy, farm size output may also be affected by high price instability (see, for
example, Hassouneh et al., 2015).

4.4 Econometric results
We present econometric results in three steps: first, for the baseline model specification;
second, for the augmentedmodel with extended baselinemodel for the debt-to-assets variable
and finally, a robustness check for farm size nonlinearity with the specified farm size square
variable.

4.4.1 Baseline models. A variance inflation factor (VIF) tests a slightly higher than 1
suggest that multiple independent variables are moderately correlated in the baseline
regression models for Hungary and for Slovenia. According to the p-value ofWald test≤ 0.01
the selected set of predictor variables is significant at 1% level (Table 3). The quality of the
model’s fit is also checkedwith Hansen’s J-statistic specification tests andArellano–Bond test
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Figure 3.
Distribution of types of
farms in Hungary and
in Slovenia, 2007–2015

Table 2.
Gini indices of farm
size in Hungary and
Slovenia in 2007
and 2015
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for first-order (AB1) and second-order (AB2) autocorrelation. The Hansen test results (>0.05)
for all baseline regression models do not reject the null hypothesis that the instruments are
valid for all the specifications used. The Arellano–Bond test results for autocorrelation reject
the null hypothesis of the absence of first order (AB1) autocorrelation (<0.00) for Hungary,
but not for Slovenia. However, they do not reject the null hypothesis of the absence of
secondorder (AB2) autocorrelation (>0.05) for baseline regression models for Hungary and
for Slovenia. In short, the regression tests for baseline regression models indicate acceptable
specification quality.

The regression results of the baseline model show that lag farm size measures (Si,t�1) are
negatively associated with farm size growth. This finding suggests the rejection of Gibrat’s
law and reinforces earlier findings, particularly for Hungary and to a lesser extent for
Slovenia, that smaller farms have grown faster than bigger ones.

Farm size growth in the year of analysis is affected by farm size growth in the previous
year. Except for land farm size growth in Hungary, which association is significant and
negative (the regression coefficient is �0.036 or �3.6%) and labor size growth in Slovenia,
which association is insignificant, all other regression coefficients are significant and
positive. In the case of Hungary, positive farm size growth is more typical in relation to farm
size output growth (0.698 or 69.8%) than for farm size labor growth (0.085 or 8.5%), while in

Variable Land Labor Output

Hungary
growtht�1 �0.036*** 0.085*** 0.698***
sizet�1 �0.950*** �1.385*** �2.429***
CFt�1/total assett�1 �0.028** �0.011 0.153**
total subsidyt�1/total assett�1 �0.028 0.050 �0.155
Constant 4.086*** 1.175*** 26.025***
N 11,424 11,977 11,888
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.001 0.001 0.0018
AB2 0.263 0.252 0.7526
Hansen test 0.437 0.128 0.8068
number of instruments 100 100 37
Wald tests (p-value) 0.000 0.000 0.000
VIF test 1.35 1.30 1.32

Slovenia
growtht�1 0.039** �0.125 0.132***
sizet�1 �1.143*** �1.110*** �1.650***
CFt�1/total assett�1 0.007 �0.127*** �0.035
total subsidyt�1/total assett�1 0.016*** 0.141*** �0.077
Constant 3.227*** 0.663** 17.084***
N 3,867 3,868 3,854
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.324 0.064 0.111
AB2 0.209 0.172 0.835
Hansen test 0.683 0.723 0.278
number of instruments 100 67 100
Wald tests (p-value) 0.000 0.000 0.000
VIF test 1.71 1.70 1.75

Note(s): * significant at 10%; ** significant at 5%; *** significant at 1%

Table 3.
Baseline model results
of farm size growth for
Hungary and Slovenia
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the case of Slovenia farm size output growth (0.132 or 13.2%) is more likely than land farm
size growth (0.039 or 3.9%). Land farm size growth in Slovenia is positive at a 5%significance
level. The magnitude of the regression coefficients for farm size growth variables for
Hungary and Slovenia confirm that farm size growth was driven by endogenous factors
based on farm size growth expectations and steady farm size restructuring.

Interestingly, the cash flow to total assets variable was found to be negative or
insignificant for Hungary for land and labor farm size measures and for Slovenia for all
farm size measures. These results suggest that Hungarian farms, in relation to land and
labor farm size growth, do not face liquidity constraints – a finding that is also valid for
Slovenian farm size growth in terms of land and labor inputs and output growth. On the
other hand, some liquidity constraints for Hungarian farms are identified in the case of
output growth, which may be related to some bottlenecks and imperfections in farm output
markets.

Surprisingly, subsidies to total assets do not have significant effect on land, labor and
output size growth for Hungarian farms, nor have a significant effect on Slovenian output
farm size growth. However, they do have a significant and positive effect on land and labor
inputs farm size growth for Slovenian farms.

4.4.2 Augmentedmodels with a debt variable. In the augmentedmodels, our special focus is
on the debt-to-assets variable. The regression tests for the augmented models with the debt-
to-assets variable indicate good specification quality. The regression coefficient for the debt-
to-assets variable is significant and positive for output farm size growth in Slovenia and (to a
lesser extent, at a 10% significance level) for land farm size growth in Hungary (Table 4).
While in Hungary indebted farms are likely to invest in land farm size expansion, in Slovenia
more indebted farms increase output.

Other regression results reinforce the findings of the baseline model. Farm size growth in
Hungary and Slovenia is explicitly driven by endogenous factors; a process that is based on
farm size growth expectations, with the exception of significant and negative land farm size
growth in Hungary and insignificant labor farm size growth in Slovenia and farm size
restructuring.We thus reject the validity of Gibrat’s law for farm size proportional growth, as
significant and negative farm size regression coefficients in the one-year lagged variable,
Si,t�1, suggest unequal farm size growth with the faster growth of smaller rather than larger
farms during the eight-year period of analysis.

Except for the significant and positive regression coefficient for land farm size growth in
Slovenia, all other regression coefficients pertaining to cash flow to total assets are negative
or insignificant, suggesting that Hungarian and Slovenian farms do not face liquidity
constraints on farm size growth. Liquidity constraints on land farm size growth in Slovenia
suggest possible imperfections in land markets as well as in the financial system.

The effect of land and labor inputs on farm size growth in Slovenian farms was driven by
subsidies to total assets, which have a significant and negative impact on the farm size output
growth. Subsidies to total assets were not important for farm size growth in Hungary,
irrespective of farm size measures.

4.4.3 Augmented models with estimations of nonlinearity of farm size. The nonlinearity of
farm size is specified with a squared farm size variable in the augmented model (Table 5).
In general, the regression tests for the augmentedmodels with estimations of the nonlinearity
of farm size indicate acceptable specification quality, except for the VIF test for output farm
size augmented regression models for Hungary and for Slovenia that indicates significant
multicollinearity.

The regression coefficients pertaining to the squared farm size confirm that after farms
reach a certain size, farm size growth in Hungary in terms of land and output strengthens, but
not labor. In Slovenia, the land area of the largest farms increases and vice versa for labor,
while insignificant effects are found for output.
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The debt-to-assets variable is insignificant for all farm size growth measures for Hungary,
significant and positive for output farm size growth in Slovenia, but negative for land farm
size growth.

Regression coefficients pertaining to cash flow to total assets are negative or insignificant,
suggesting that Hungarian and Slovenian farms do not face liquidity constraints on farm size
growth.

Subsidies to total assets do not contribute to farm size growth in Hungary, but only to
labor farm size growth in Slovenia, with a negative impact on land and to a lesser extent on
output farm size growth.

5. Discussion
The impact of earlier farm size growth on later farm size growth ismixed, but largely positive
and significant. This finding confirms the importance of endogenous factors and farm size
restructuring on farm size growth. However, the eight-year period of analysis is not long
enough for observing considerable farm size structural changes.

Variable Land Labor Output

Hungary
growtht�1 �0.027** 0.130*** 0.229***
sizet�1 �0.963*** �1.488*** �1.708***
CFt�1/total assett�1 �0.025*** �0.032 0.033
Debtt�1/total assett�1 0.029* 0.022 �0.125
total subsidyt�1/total assett�1 �0.035 �0.044 �0.108
Constant 4.128*** 2.184*** 20.741***
N 11,424 11,977 11,888
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.000 0.0136 0.0025
AB2 0.533 0.2163 0.4470
Hansen test 0.335 0.5952 0.1949
number of instruments 133 33 33
Wald tests (p-value) 0.000 0.000 0.000
VIF test 1.35 1.31 1.33

Slovenia
growtht�1 0.030** 0.058 0.127***
sizet�1 �1.127*** �1.177*** �1.632***
CFt�1/total assett�1 0.017** �0.091*** �0.034
Debtt�1/total assett�1 0.039 0.079 0.414***
total subsidyt�1/total assett�1 0.010*** 0.133*** �0.066***
Constant 308.031*** 0.563*** 16.571***
N 3,867 3,868 3,854
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.366 0.001 0.002
AB2 0.215 0.539 0.675
Hansen test 0.697 0.553 0.122
number of instruments 133 100 133
Wald tests (p-value) 0.000 0.000 0.000
VIF test 1.68 1.67 1.72

Note(s): * significant at 10%; ** significant at 5%; *** significant at 1%

Table 4.
Augmented model
results of farm size
growth for Hungary

and Slovenia
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In our analysis, the regression coefficients pertaining to the farm size variable Si,t�1 are
always negative and significant, showing that the law of proportional effect does not hold,
thus the validity of Gibrat’s law is rejected, regardless of the measure of farm size. The faster
growth of smaller rather than bigger farms does not necessarily imply the policy targeting of
faster-growing small farms. The relationship between farm size and productivity can be
negative, as efficiency limitations may apply to overly small farms, affecting their survival
(Gautam and Ahmed, 2019).

The association of the farm size variable Si,t�1 for land and particularly labor farm size
growth is stronger in Hungary than in Slovenia and vice versa for output farm size growth.
The nonlinearity effect of the farm size square variable is low compared to first-order farm
size. After a certain farm size, an increase in land in both countries and output in Hungary is
probable, but a decline for labor in Slovenia.

In comparison to the findings of Donati (2016), a substantial difference is found for the
impact of the cash-flow regression coefficient CFi,t�1 on firm/farm size growth. This was

Variable Land Labor Output

Hungary
growtht�1 �0.029*** 0.125*** 0.003
sizet�1 �1.086*** �1.463*** �1.025***
size2t�1 0.020** �0.052 0.047***
CFt�1/total assett�1 �0.025*** �0.024 0.009
Debtt�1/total assett�1 0.026 0.019 �0.003
total subsidyt�1/total assett�1 �0.044* �0.048 �0.026
constant 4.246*** 2.255*** 5.599***
N 11,424 11,977 11,888
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.006 0.0134 0.0008
AB2 0.5561 0.2579 0.9517
Hansen test 0.3079 0.4834 0.2745
number of instruments 133 33 33
Wald tests (p-value) 0.000 0.000 0.000
VIF test 2.62 1.38 13.24

Slovenia
growtht�1 �0.003 0.011 0.126***
sizet�1 �1.000*** �1.147*** �1.451***
size2t�1 0.162*** �0.125*** �0.009
CFt�1/total assett�1 �0.001 �0.105*** �0.020
Debtt�1/total assett�1 �0.010** 0.038 0.414***
total subsidyt�1/total assett�1 �0.002** 0.121*** �0.065*
constant 250.882*** 0.491*** 15.966***
N 3,867 3,868 3,854
year-fixed effects yes yes yes
sector-fixed effects yes yes yes
AB1 0.284 0.017 0.002
AB2 0.266 0.764 0.972
Hansen test 0.682 0.701 0.115
number of instruments 133 100 133
Wald tests (p-value) 0.000 0.000 0.000
VIF test 3.37 1.74 14.24

Note(s): * significant at 10%; ** significant at 5%; *** significant at 1%

Table 5.
Nonlinearity model
results of farm size
growth for Hungary
and Slovenia
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found to be positive and significant only for output farm size growth in the baseline model
for Hungary and land farm size growth in the augmented model for Slovenia, while in the
case of Italian service sectors it was found to be largely positive and significant,
suggesting financial or liquidity constraints for the latter, particularly for firms
belonging to the low and mid-level technology sectors. However, our finding of a negative
sign and statistically insignificant regression coefficient for the cash flow term suggests
that farms can raise as much money as they desire at a given cost and that for Hungarian
and Slovenian farms (except in relation to output farm size growth in Hungary and land
farm size growth in Slovenia), access to external finance is unproblematic and farms do
not face financial constraints.

Farms in Hungary on average are more indebted than in Slovenia. The debt-to-assets
variable included in the augmented model suggests that debts have been used for renting or
buying land in Hungary and to increase output and, to a lesser extent, to increase land per
farm in Slovenia.

CAP subsidies can serve as an additional source of cash flow and help tomitigate financial
constraints for farms, although this effect (subsidies-to-assets variable) was found to be
positive and significant only for land and labor farm size growth in Slovenia. This finding is
consistent with Saint-Cyr (2022) on heterogeneous farm size dynamics and impacts of CAP
subsidies.

Liquidity constraints might differ according to farm size and have not been analyzed
explicitly. For example, Donati (2016) foundmixed results concerning liquidity constraints in
relation to firm size and the branch of the manufacturing and service industry. The former
may have a constrained impact on the growth of small firms, but less on the growth of
medium-sized firms and those operating in knowledge-intensive business services. These
findings suggest that information in the credit market for small firms is asymmetrical, which
may increase their susceptibility to credit rationing.

The modernization, green and digital transformation of farms that will lead to their
growth and the maintenance or improvement of their competitiveness requires finance for
investment (De Haas and Popov, 2023). In these processes, agricultural policies that can
influence farm size may play an important role (Piet et al., 2012) such as in the case of farm
growth intentions of family farms in mountain and less favored areas (Huber et al., 2015).
In addition, improvements in financial and market institutions and better value chain
organization related to farm input and output markets may be important means of
adjusting farm growth and competitiveness (Mishra et al., 2018).

The lessons learned from our study that may apply to other areas are linked to potential
limits on farm size growth due to diseconomies of scale (Johnson and Ruttan, 1994), which
also depend on the type of farming and potential limits to the increase in large farms in land-
abundant countries (Deininger and Byerlee, 2011). During the period of analysis, neither
Hungary (a more land-abundant county) nor Slovenia (less abundant) experienced
substantial farm growth independent of measures of farm size. Farm diversity with
modest changes in farm size growth can be also linked to different forms of farm
multifunctionality in rural areas (van der Ploeg et al., 2009; Unay-Gailhard and Bojnec, 2015;
Chmielinski et al., 2019; Thiermann and Bittmann, 2023).

Therefore, potential liquidity constraints may be important for farm survival in the long
term, but the analysis of this would require a large balanced panel data set. Consequently, it is
important for emerging market literature, policy and practice to investigate the relationship
between liquidity constraints, farm growth and farm survival in relation to family farm
succession and the declining role of part-time farming (Shahzad and Fischer, 2022). Different
financial mechanisms, financial instruments and micro-financial institutions may be
important means of mitigating potential farm liquidity constraints on the farm’s growth
and survival (Anwar et al., 2020).
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6. Conclusions
The farm size structure and farm size distribution of farms in Hungary and Slovenia are
considerably different. Slovenia typically has smaller farms and only a few bigger ones,
which in Hungary would be classified as medium sized. Hungary has a typical dual farm
size structure, with many smaller individual farms and some bigger commercial farms
classified as agricultural enterprises and key private holdings. On average, both types of
Hungarian farms (individual and commercial ones) are larger than their equivalents in
Slovenia.

Despite relatively stable farm size structures in Hungary and Slovenia during the period of
analysis, results show a significant and positive effect for endogenously driven farm size
growth and steady farm size restructuring. Farm size growth has explicitly been driven by
endogenous factors; a process that is based on farm size growth expectations, except for land
farm size growth in Hungary and labor farm size growth in Slovenia.

The empirical results presented here suggest rejection of Gibrat’s law for farm size
proportional growth, as significant and negative farm size regression coefficients (generated
by comparing the current year to prior years) suggest unequal farm size growth, with the
faster growth of smaller farms than larger ones, but with no significant convergence between
smaller and larger farms. The second-order farm size square variable effect is smaller for land
and output farm size growth in Hungary and for land farm size growth and labor farm size
decline in Slovenia after a certain farm size.

Subsidies were found to be less important for farm size growth, only being significant in
terms of maintaining jobs and farm labor employment in Slovenia and increasing operational
land farm size.

Our results only partly confirm the claim that capital markets and asymmetric
information problems can affect financial constraints in relation to whether farms use
internal or external sources of finance to promote farm size growth. Farm size growth in
terms of land and labor inputs for Hungary and labor input and output for Slovenia does not
appear to be dependent on farm cash flow due to the potentially limited access of farms to
external capital markets. For farms that face such constraints, cash flow can represent almost
the only way to finance growth. In the case of Hungary, cash flow increases output farm size
growth, and in the case of Slovenia, it increases land farm size growth, suggesting financial
constraints.

Farm debts limit farm growth in Hungary, where they are linked to land farm size growth.
In Slovenia, they are linked to output farm size growth and with a slight decline in land farm
size growth.

Among the study limitations are the presentation of results at the aggregated farm level
and the unbalanced panel-data-based empirical analysis of farm restructuring over a
relatively short restricted period 2007–2015. Future research can thus investigate the
impact of liquidity constraints linked to cash flow and farm debts and the potentially
mitigating effects of financial constraints in the form of subsidies and should be conducted
at a disaggregated farm-type level using the updated data with the years after 2015 to
provide additional evidence and implications for policy and practice. It can be conducted
particularly for more capital-intensive types of farming such as the dairy sector, to examine
whether there is variability in the underlying interlinkages at the farm-type specialization
level. Finally, except for periods in which radical institutional, policy and agrarian reforms
occur, substantial farm size structural changes are not short-term processes, but rather
long-term evolutionary ones. Their examination requires balanced panel data of a much
longer duration that can capture the different endogenous and exogenous factors that may
determine farm size growth and farm survival and contribute to considerable farm size
structural changes and thus to the convergence, divergence or stasis of farm size
distribution over time.
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