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A B S T R A C T

During the last two decades, the number of Hungarian family farms has declined, while average farm size has
grown. To identify the drivers of farm size growth, the paper investigates the importance of human capital along
with leadership skills, farm and spatial farm regional location characteristics, and government subsidies for
Hungarian family farms using a Farm Accountancy Data Network dataset for the period 2007 to 2015. The
application of quantile regression models and their findings suggest that leadership skills have little effect on the
growth of Hungarian family farms. In contrast to the effect of skills, the general characteristics of the family farms
(such as farm size, farm type, and state subsidies) determine their growth. Smaller family farms grew faster than
bigger family farms. The non-linear relationship between farm size growth and farm type as well as state subsidies
is confirmed for different quantiles of farm size. The findings suggest that the ongoing process of family farm
restructuring depends on the latter’s size and pertains to family farm characteristics and government policies. The
market selection process of farms and farm restructuring, along with a decline in the number of farms and their
size growth, is likely to continue due in part to climate change and the robotization and digitalization of farms and
will be affected by the resilience of different farm types.
1. Introduction

The literature on farm growth has been developed particularly in
relation to developed countries and so less for the former ex-socialist
countries with formerly large-scale state and collective farms (Rizov and
Mathijs, 2003; Bakucs and Fert}o, 2009; Akimowicz et al., 2013). The
relationship between farm size and farm size growth indicates the struc-
tural changes of farms andhas implications for farmpolicy andmanagerial
farm practices and competitiveness. Most of the empirical studies on farm
growth use Gibrat’s Law as a theoretical departure point in their analysis
(Gibrat, 1931). This law states that firm growth is a stochastic process
nec), ferto.imre@krtk.mta.hu, fer
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resulting frommany unobserved random variables; therefore, the growth
rate of firms (farms) is independent of their initial size at the beginning of
the period. Empirical studies have identified several factors that influence
farm structural change, including relative prices, technological change,
economies of scale, farm debt, sunk costs, policy variables, demographic
variables, and indicators related to off-farm employment, region
al-specific patterns, and spatial dependencies. The present paper in-
vestigates the drivers and importance of human capital and farm charac-
teristics and agricultural subsidies in relation to the growthof family farms
inHungary in the period 2007–2015.Hungarian agriculture represents an
interesting case study for several reasons.
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Hungarianagricultureduring the socialist periodwas collectivized and
the transition process involved agrarian de-collectivization, agricultural
privatization, and economic liberalization at the beginning of the 1990s. It
was expected that these reforming and transformation processes would
contribute to a rise in the number and importance of family farms (Csaki
and Lerman, 1997; Swinnen, 1999). Hungary adopted a compensation
rather than restitution approach in respect of land privatization (Fleming,
1995). This unique process of agrariande-collectivization and agricultural
privatization in comparison to in other CEE countries led to less radical
farm and agricultural structural changes, as former landowners may be
compensated for but not have land restituted.

The later development path of individual/family farms has followed a
pattern that is typical of developed countries; namely, a decline in the
number of farms and an increase in average farm size (Bojnec and Fert}o,
2021a; 2021b). Therefore, the main research question is the following:
What are the main drivers of family farm growth in the Hungarian
context? To answer this research question, we follow the approach of
earlier literature (Rizov and Mathijs, 2003; Akimowicz et al., 2013;
Bojnec and Fert}o, 2021a) but make adjustments due to the specificity of
Hungarian individual/family farms. The focus is on the internal human
capital and farm-characteristic factors of family farm growth, as well as
spatial farm regional location characteristics and government subsidies.

The process of de-collectivization in Hungary without land restitution
played a unique role in the setting up and developing of individual farms
using land vouchers and land auctions in the land market, and land-lease
market developments (Swinnen et al., 1997). Therefore, Hungarian
family farms may be excellent subjects for a case study comparison with
farms in other countries with a typical dual farm structure consisting of a
small number of privatized, more developed corporate farms coexisting
alongside a large number of smaller farms that developed particularly
because of the transition process, involving agricultural and farm
transformation.

More specifically, the paper contributes to the literature in the
following three ways. First, it identifies drivers of family farm growth,
focusing on human capital variables that may be important for family
farm-, agricultural-, and rural entrepreneurship that relies on managerial
skills or entrepreneurial knowledge. While some studies have investigated
the roles of human capital in the technical efficiency (Mathijs and Vranken,
2001) and farm survival and growth of Hungarian farms (Rizov and
Mathijs, 2003), our focus is on the leaders of the farms and their role in
family farm growth. Second, the relationship between family farm growth
and the heads of farms is controlled by personal and farm characteristics,
including spatial regional farm locational characteristics, and government
subsidies. Finally, family farms can play multifunctional roles in rural
communities, including creating jobs and income through on- and off-farm
diversification (Bojnec and Knific, 2021). Understanding family farm
growth (and thus the survival of the latter) is important for research,
policy, and practice aimed at maintaining the prosperity of rural commu-
nities and the populated landscape of the countryside (Zurek et al., 2022).

The rest of the paper is organized as follows. In the following section,
the development of the number of farms and their average size is pre-
sented, indicating the dual farm structure in Hungary. The third section
describes the drivers that determine the growth of farms and develops
hypotheses. The fourth section presents the methodology and data used
in the research, whilst the fifth section details the empirical results of the
econometric analysis. The sixth section discusses results and findings,
and the final section concludes.

2. The number of farms and farm size

Over the past half-century, the number of agricultural farms in
developed countries has declined significantly (Goddard et al., 1993;
Lowder et al., 2016). A similar trend has been observed in Hungary
during the last two decades (Bojnec and Fert}o, 2021b). After the shock of
the first decade of the transition in the 1990s, the number of farms
continued to decline. The number of individual farms was 959 thousand
2

in 2000, but had dropped to 416 thousand by 2016. The number of
corporate economic organizations, on the other hand, has tended to in-
crease (from 8,382 in 2000 to 9,388 in 2016). Interestingly, the extent of
corporate farms as a proportion of agricultural land has decreased with
the increase in ownership, and vice versa for individual farms. The
average size of agricultural area has moved in the opposite direction in
each farm category. The average agricultural area of individual farms
increased from 4.6 ha to 7.6 ha, while the average area of corporate farms
decreased from 326 ha to 248 ha between 2000 and 2016.

An important agricultural policy goal of the government is to increase
the role of family farms in domestic agriculture. While an earlier paper by
Rizov and Mathijs (2003) concluded that larger farms are more likely to
grow faster and are more likely to survive than smaller ones, later studies
for the period of 2001–2007 contrastingly show that smaller farms are
growing faster than larger ones, and subsidies and the age of farm
managers significantly influence the growth of farms (Bakucs and Fert}o,
2009; Fert}o and Bakucs, 2009; Bakucs et al., 2013).

Research on farmgrowthmay also be important for policy andpractice
in terms of implications for agricultural policymakers and farmmanagers.
The role of the agricultural sector is declining in the share of gross do-
mestic product (GDP) and farms are facing competitive pressure from
domestic and international markets (Goddard et al., 1993; Weerahewa
and Jacque, 2022). Structural changes in farm size can have implications
for the demand for labor and rural labormarkets (SalamandBauer, 2018),
for land use and land markets (von Solms and van der Merwe, 2020), and
for polycentric and resilient sustainable development (Gatto, 2022).
Despite Common Agricultural Policy (CAP) subsidies, competition within
European Union (EU)markets createsmarket-selection pressures for farm
restructuring that are more severe for less well market-integrated and less
competitive smaller and medium-sized family farms.

The increasing competitive pressures and need for income growth is
forcing smaller individual farmers to increase the size of their holdings or
supplement their income outside the agricultural sector and, in extreme
cases, to exit farming (Petrick and Tyran, 2003; Blancard et al., 2016).
3. Factors determining the growth of farms

The growth of farms is a multidimensional phenomenon that can be
examined using different theoretical perspectives. The theoretical basis
for empirical studies of corporate growth is the widely used Gibrat’s law.
According to Gibrat’s law, the growth of companies is a stochastic pro-
cess that is the result of several unobservable random variables. There-
fore, the growth rate of firms/farms is independent of their initial size at
the beginning of a given period (Gibrat, 1931). We thus define the first
hypothesis (H1) as:

H1. Farm growth is independent of initial farm size.
Stochastic models of corporate growth have generally approached the

issue of firm/farm growth in one of twoways. On the one hand, they have
investigated whether the actual size distribution of companies follows a
lognormal form. The other approach investigates the relationship be-
tween the growth of companies and their size using econometric
methods. In connection with the second type of approach, some empir-
ical literature, using various theoretical considerations, has explicitly
attempted to model the factors that influence the growth of companies.
For example, one group of researchers has assumed and argued that the
human capital of business leaders is heterogeneous (Penrose, 1959;
Lucas, 1978; Jovanovic, 1982), or that sunk-costs may result from
changes in capacity and technology (Cabral, 1995). Others use the results
of evolutionary economics (Nelson and Winter, 1982), emphasizing the
importance of path dependence (Balmann et al., 1996) or the importance
of transaction costs within a firm (Pollack, 1985).

The effects of human capital variables on farm size growth have been
found to bemixed. Human factors may play a prominent role in the growth
of farms (Huffman, 2001). Forg�acs (2007) in the case of two agricultural
cooperatives in Hungary found that leadership and social capital were
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important. Relevant leadership skills and human capital can increase a
farmer’s managerial ability to efficiently adapt to a continuously changing
economic environment (Byma and Tauer, 2010). At the same time, op-
portunities outside of agriculture can also be related to a farmer’s human
capital and the potential outflow of younger, better educated, and more
flexible labor from farms to other non-agricultural activities (Bojnec and
Dries, 2005). Consequently, the net effect of human capital on farm growth
in practice can be mixed (Bojnec and Fert}o, 2021a).

Farmers’ human capital is usually measured by age and education.
Rodgers (1994) suggests that a distinction should be made between
specific and general human capital in explaining agricultural structures.
He argues that general human capital determines farmers’ expected
nonfarm income, while farming-specific human capital determines their
productivity in farming. Weiss (1999) finds that general and agricultural
training is positively correlated with increasing farm size. However,
agricultural training has less of an effect on farm size than the level of
general education.

Farmers’ age (young) is positively correlated with an increase in farm
size, and vice versa (e.g., Weiss, 1999). In summary, previous empirical
research points out that the relationship between human capital and farm
size growth remains unclear. Accordingly, we define the following H2
and H3:

H2. Farm growth is positively associated with farmers’ education.

H3. Farm growth is nonlinearly associated with farmers’ age.
Other factors may also be significantly correlated with farm size

growth. These include the legal status of farms and non-agricultural job
opportunities for family members. The general economic situation
(demography, employment, and interest rates) can also influence the
growth strategies of farms. Factors influencing farm growth can be
divided into three major groups. First, market factors that affect input
and output prices. Second, technological factors that affect yield or
economies of scale. Third, institutional factors such as laws, agricultural
policy, and vertical relationships with other sectors (Haque, 2022).
Among all these factors, we focus on the association between farm
growth and CAP subsidies. We define the following hypothesis:

H4. Farm growth is positively associated with CAP subsidies.
In addition to CAP subsidies, heterogeneous farm-size dynamics can

be biased in line with different types of farming (Saint-Cyr, 2022). We
therefore define the following hypothesis:

H5. Farm growth is particularly associated with some types of farming.
Akimowicz et al. (2013) draw attention to the fact that spatial loca-

tional factors can also influence farm growth. Their results show that the
proximity of urban areas significantly influences farm growth in France.
We therefore define the following hypothesis:

H6. Farm growth is linked to spatial farm location and regional
characteristics.

Following Akimowicz et al. (2013) for France and Bojnec and Fert}o
(2021a) for Slovenia, and hypotheses H1 to H6 our focus is on family
farm size growth in Hungary in relation to human capital factors
controlled for farm size. This enables testing the validity of Gibrat’s law
and the influence of CAP subsidies, different types of farming, and
selected spatial farm location regional characteristics.

4. Methodology and data

The factors determining the growth of family farms are estimated
using an econometric model. The standard econometric specification for
testing the validity of Gibrat’s Law is the following:

logSi,t ¼ β0þ β1logSi,t-1þμit (1)

where Si,t and Si,t-1 are the size of the ith farm in the period t and in the
previous period t-1, respectively. εi,t is the disturbance in period t, inde-
pendent of Si,t-1. if β1 ¼ 1 (i.e., if Gibrat’s Law holds), then positive
3

(negative) values of β0 indicate growth (decrease) in average farm size. If,
however, β1 <1, then smaller farms tend to grow faster than larger ones.

The growth model in Eq. (2) is modified by redefining the dependent
variable as the first difference of the logarithm of farm size in Eq. (1):

log Sit � log Sit�n ¼ β0 þ β1Sit�n þ Xit�nγ þ μit (2)

where Xit-1 represents a group of additional covariates, and the n su-
perscripts denote the starting period of our analysis (2007).

In this paper, family farms are defined as individual farms. The size of
family farms is measured in European units of size (ESU or EUME in
Hungarian conditions). The dependent variable is the natural logarithm
of the growth intensity between the initial year 2007 and the final year
2015 of the analysis, which covers the post-accession period of Hungary
to the EU. Increases in farm growth intensity occurred when ln EUME
2015-2007 was a positive value. The use of the natural logarithm improves
the normality of the distribution of variables and is therefore more in line
with model assumptions. The first explanatory variable is the natural
logarithm of the size of the family farm in 2007 expressed in EUME. We
add the following covariates to the empirical model. The human capital
of farms is measured by two dummy variables. The value of the agri-
cultural graduation variable is one if the head of the farm has a higher-
level agricultural education, and is otherwise zero. Similarly, the value
of the general education variable is one if the head of the farm has a non-
agricultural higher-level education, and is otherwise zero.

The value of the gender variable is one if the head of farm is a woman
and zero if it is a man. Some previous studies have argued that young
female farmers can be more agri-environmental aware and entrepre-
neurial than their male counterparts (Unay-Gailhard and Bojnec, 2021) –
this finding serves to justify assigning a score of ‘1’ to female gender.

As the distribution of subsidies is unequal across farms – typically, 20
percent of farms receive eighty percent of subsidies (Fert}o et al., 2022) –
the potential impact of subsidies on the growth of family farms is
examined. In the model, the natural logarithm of all forms of support is
used as a control variable.

Each agricultural sector is appraised by types of farming that involve
different technologies. They are controlled with dummy variables as a
basis for comparison is the poultry sector.

Finally, the spatial regional location of the farms is considered.
Eurostat divides regions into three categories: urban, intermediate, and
rural. In the model, the effect of spatial regional farm location is
controlled with dummy variables, considering farms located in urban
regions as a basis for comparison.

In the OLS regression estimation, error terms are assumed to follow
the same distribution irrespective of the value of the explanatory vari-
ables. Since we can only analyze surviving farms, estimations are con-
ditional on survival (conditional objects, see Lotti et al., 2003).

Following recent studies, quantile regression is used to distinguish
samples and divide the heterogenous sample into farm-size groups. The
θth sample quantile, where 0 <θ < 1, can be defined as:

min
b2R

" X
i2fi:yi�bg

θjyi � bj þ
X

i2fi:yi<bg
ð1� θÞjyi � bj

#
(3)

where yi and b in Eq. (3) are estimated for any quantile within the range
of zero and one.

For a linear model such as fx1, the θth regression quantile is the so-
lution of the minimization problem, similarly to with Eq. (4):

Solving Eq. (4) for b provides a robust estimate of β.

min
b2R

" X
i2fi:yi�bg

θjyi � xibj þ
X

i2fi:yi<bg
ð1� θÞjyi � xibj

#
(4)

If we maintain the same farms in the balanced panel dataset during
the period of analysis, the sample size is considerably reduced. We
addressed a smaller sample size applying bootstrapped quantile



Table 1. Tests for the normal distribution of the farm growth rate variable.

Shapiro–Wilk W test for normal data
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regression models with bootstrapped standard errors using 1,000 repli-
cations. Finally, we estimated Eq. (2) using an ordinary least squares
(OLS) model as a benchmark for our quantile estimations.
Variable Obs W V Z Prob > z

lnsizegr 978 0.965 25.522 8.083 0.0000

Shapiro–Francia W' test for normal data

Variable Obs W' V' Z Prob > z

lnsizegr 978 0.964 28.135 7.741 0.0000

Chen-Shapiro QH* test for normal data

Variable Obs QH QH* P value

lnsizegr 978 0.984 0.5295 <0.0001

Source: Authors’ calculations based on the Hungarian FADN database.
4.1. Sample selection

Another challenge in the empirical analysis is sample selection. Since
the farm size growth rate can only be examined in terms of surviving
farms (i.e., those which are still operational at time t), and the farms that
are most likely to disappear are among the slow-growing ones, small,
fast-growing farms may be overrepresented in the sample, which may
skew the results. This issue is particularly relevant in the present inves-
tigation as the proportion of smaller family farms in transition econo-
mies, including in Hungary, is much greater than in developed countries.
Wald tests were used to check that the coefficients of the variables
differed between each quantile.

The analysis is based on cross-sectional data obtained from the
Hungarian Farm Accountancy Data Network (FADN) database. We
investigate the same farms between the two years 2007 and 2015. The
selection of farms is based on the agricultural structural censuses
implemented by the Hungarian National Central Statistical Office
(HNCSO). Since reaching national coverage, data on about 2,000 agri-
cultural enterprises have been collected on an annual basis. In addition to
accounting and financial data, the scope of data collection includes land
use, labor force, production data, and sector-level data. In 2015, the
FADN database contained 1,585 individual farms and 377 corporate
farms, of which only 1,207 agricultural farms were the same as in the
2007 sample: 978 in the category of individual farms and 229 in the
category of corporate farms. Price indices as deflators were obtained
from the HNCSO. They are used to transform current forint values into
constant forint values using 2010 as the base year. Data on types of re-
gions were also obtained from the HNCSO.

Figure 1 shows the growth rate Kernel density function. However, the
Shapiro-Wilk W (1965) test, Shapiro-Francia W’ (1972) test, and
Chen-Shapiro QH* (1995) test imply rejection of the assumption of the
normal distribution of the farm growth rate variable at a one percent
significance level. This confirms the importance of using quantile re-
gressions (Table 1).
Figure 1. Kernel density of family farm size growth rate. Source: A

4

4.2. Descriptive statistics of variables

Table 2 illustrates the averages of farm size and explanatory variables
in the reference initial year 2007 and the final year 2015. The average
age of family farmers was 51 years in 2007 and 58 years in 2015. The
majority of farmers (66 percent in 2007 and 68 percent in 2015) had an
agricultural college degree, and 5 percent had completed general higher
education, while 91 per cent of farmers were male in 2007 and 90
percent in 2015. This latter finding highlights the gender imbalance in
family farm leadership. CAP subsidies are an important source of farm
income, reaching 16,868 euros per farm in 2007 and 29,526 euros per
farm in 2015 for the analyzed sample. Nine types of farming dummy
variables are compared with the poultry sector dummy variable as a
benchmark of comparison. The type-of-farming dummy variables indi-
cate slightly greater or similar farm size growth for milk andmixed farms,
and higher farm size growth for farms specialized in grass, fruit, and
mixed farming, and particularly in crop production, but lower farm size
growth for farms specialized in vegetables, pigs, grapes, and vegetable
fields. There are considerable differences in the spatial regional farm
location dummy variables, with a relatively low value for the benchmark
urban region farms vis-�a-vis intermediate regions, and lower than in rural
regions. The highest mean value of the dummy variable for the inter-
mediate regions is equal to 0.81, suggesting that in 81% of such regions,
family farms are present.
uthors’ calculations based on the Hungarian FADN database.



Table 2. Descriptive Statistics of Variables for reference initial year 2007 and final year 2015.

2007

Variable Obs Mean Std. dev. Min Max P50 P10 P25 P75 P90

farm size (in EUME) 979 30.9 32.7 2.2 380.0 56.0 5.8 10.6 40.5 64.4

age (years) 979 50.7 10.6 23.0 82.0 58.0 36.0 44.0 58.0 64.0

agricultural education 979 0.66 0.47 0 1 1 0 0 1 1

general education 979 0.05 0.22 0 1 0 0 0 0 0

gender (woman ¼ 1) 979 0.09 0.28 0 1 0 0 0 0 0

total CAP subsidy (in EUME) 979 16868 21234 0 243907 17675 1528 3819 23656 39582

farm-type dummy

Poultry 979 0.05 0.22 0 1 0 0 0 0 0

Fruit 979 0.09 0.29 0 1 0 0 0 0 0

Grass 979 0.08 0.27 0 1 0 0 0 0 0

crop production 979 0.53 0.50 0 1 1 0 0 1 1

Pigs 979 0.03 0.16 0 1 0 0 0 0 0

Grapes 979 0.03 0.18 0 1 0 0 0 0 0

Milk 979 0.06 0.23 0 1 0 0 0 0 0

Mixed 979 0.08 0.28 0 1 0 0 0 0 1

Vegetables 979 0.02 0.13 0 1 0 0 0 0 0

vegetable field 979 0.04 0.19 0 1 0 0 0 0 0

region-type dummy

urban region 979 0.09 0.29 0 1 0 0 0 0 1

intermediate region 979 0.81 0.39 0 1 1 0 1 1 1

rural region 979 0.10 0.30 0 1 0 0 0 0 0

2015

Variable Obs Mean Std. Dev. Min Max P50 P10 P25 P75 P90

farm size (in EUME) 978 93.1 106.0 4.3 1125.4 40.3 12.5 26.2 121.6 213.5

age (years) 977 57.6 10.9 20.0 90.0 55.0 42.0 50.0 65.0 71.0

agricultural education 978 0.68 0.47 0 1 1 0 0 1 1

general education 978 0.05 0.22 0 1 0 0 0 0 0

gender (woman ¼ 1) 978 0.10 0.29 0 1 0 0 0 0 0

total CAP subsidy (in EUME) 978 29526 35433 0 361550 15534 2480 6532 38151 72404

farm-type dummy

Poultry 978 0.05 0.21 0 1 0 0 0 0 0

Fruit 978 0.09 0.28 0 1 0 0 0 0 0

Grass 978 0.08 0.26 0 1 0 0 0 0 0

crop production 978 0.58 0.49 0 1 1 0 0 1 1

Pigs 978 0.02 0.15 0 1 0 0 0 0 0

Grapes 978 0.03 0.18 0 1 0 0 0 0 0

Milk 978 0.05 0.22 0 1 0 0 0 0 0

Mixed 978 0.05 0.22 0 1 0 0 0 0 1

Vegetables 978 0.01 0.11 0 1 0 0 0 0 0

vegetable field 978 0.04 0.20 0 1 0 0 0 0 0

region-type dummy

urban region 978 0.09 0.29 0 1 0 0 0 0 1

intermediate region 978 0.81 0.40 0 1 1 0 1 1 1

rural region 978 0.10 0.30 0 1 0 0 0 0 0

Source: Authors’ calculations based on the Hungarian FADN database.
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Farm size in EUME and total CAP subsidy in EUME both at 2010
values as the base-year, and average age of head of farms increased be-
tween 2007 and 2015, but there was less change in terms of gender – the
role of women even slightly increased –, as well as education, farm type,
and region type.

Kernel density functions were applied for ln farm size in EUME in
2007 and 2015 to show the difference between the two years under
analysis. Figure 2 presents a slight shift in average farm size concentra-
tion towards the right, suggesting a slightly larger average farm size in
EUME in 2015 than in 2007.

A Kruskal-Wallis test was used to check the equality of means be-
tween these two years: this confirmed that there was a significant change
5

in the distribution of farm size along with the overall numerical increase
between the analyzed years 2007 and 2015. In addition, Table 3 shows a
significant increase between the same years for farm head age and total
CAP subsidies, as well as for the crop-production dummy, and a signifi-
cant decline for the mixed-farm dummy. Like agricultural education,
general education and gender, all other farm-type dummies and region-
type dummies did not change significantly over the period of analysis.

5. Econometric empirical results

Table 4 shows the results of quantile regressions for family farm size
growth rate according to five quantiles and OLS regression as a



Figure 2. Kernel density of ln farm size in EUME. Source: Authors’ calculations based on the Hungarian FADN database.

Table 3. Kruskal-Wallis test of the equality of mean values of variables between
the initial (2007) and final (2015) years of analysis.

Variable Kruskal-Wallis test (p value)

farm size (in EUMU) 0.0001

age (years) 0.0001

agricultural education 0.3286

general education 0.8339

gender (woman ¼ 1) 0.8117

total subsidy (in EUMU) 0.0001

farm type dummy

poultry 0.6794

Fruit 0.8170

grass 0.8725

crop production 0.0244

Pigs 0.7749

grapes 0.9034

Milk 0.5447

mixed 0.0022

vegetables 0.5789

vegetable field 0.7258

region-type dummy

urban region 0.9318

intermediate region 1.0000

rural region 0.9499

Source: Authors’ calculations based on the Hungarian FADN database.
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benchmark. Machado and Santos Silva (2000) tests confirm the presence
of heteroskedasticity for the upper quantiles. To deal with hetero-
skedasticity we estimated our quantile models with robust standard er-
rors. The size of family farms has a positive effect on their growth in each
quantile, although the value of the coefficients decreases towards the
higher quantiles, thus rejecting the validity of Gibrat’s law and sug-
gesting that smaller family farms grew faster than bigger family farms.
The rejection of the validity of Gibrat’s law is inconsistent with earlier
work by Rizov and Mathijs (2003) that used cross-sectional data, but
consistent with later studies that used more comprehensive and repre-
sentative FADN data samples to examine family farm growth in Hungary
(Bakucs and Fert}o, 2009; Bojnec and Fert}o, 2021b).
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The age of the head of the farm has a negative effect on farm growth
from themedian quantile upwards. This suggests that farms with younger
heads are growing faster than those with older ones. This finding con-
firms the results for the previous period (Bakucs and Fert}o, 2009).
However, it contradicts the claim of Jovanovic (1982), who argues that
learning and experience are positively correlated with the growth of
firms. In our case, we argue that the farming society associated with
family farms in Hungary is an aging one (the average age of heads of
farms is 54 years), and that farmers older than the median may no longer
be expected to increase the size of their farms.

Farms managed by women were less liable to grow than farms
managed by men in the 25th and 50th quantiles. This finding does not
support that of Unay-Gailhard and Bojnec (2021) regarding the gender
on Slovenian family farms. This striking finding might suggest that
gender imbalances in Hungarian family farm leadership are a potential
source of family farm entrepreneurship, including on- and off-farm ac-
tivities such as farm tourism and other farm-related supplementary
activities.

CAP subsidies reduce the growth of family farms. This surprising
result may be because larger farms receive the vast majority of subsidies,
while their growth potential is less than that of smaller farms (Bojnec and
Fert}o, 2019; Fert}o et al., 2022). Previous studies also confirm that smaller
farms grow faster than larger ones (Bakucs and Fert}o, 2009; Bakucs et al.,
2013; Fert}o and Bakucs, 2009; Bojnec and Fert}o, 2021b).

The majority of farming types of dummy regression coefficients are
significant and negative at various points in the distribution. This sug-
gests that the other nine types of farms have on average grown more
slowly than poultry sector farms.

The spatial regional location of the farms has no significant influence
on the growth of family farms, a finding which contrasts with the results
of Akimowicz et al. (2013) for France. The reason for this may be the
structural differences between Hungarian and French agriculture. In
Hungary, the demand for land in urban regions had less effect on family
farm size growth in the period under review.

Quantile regressions are not significantly different by quantile
although farm size is not normally distributed, thus we applied quantile
regressions instead of the OLS regression method. To test the robustness
of the quantile regression results, OLS regression was applied. As can be
seen from column 6 in Table 4, OLS regression generates similar results to
the quantile regressions, so our results are rather robust. The regression
coefficient is significantly positive for ln farm size in EUME 2007;



Table 4. Results of quantile and ordinary least squares (OLS) regression models.

Variable
(1) Q10 (2) Q25 (3) Q50 (4) Q75 (5) Q90 (6) OLS

ln EUME_2007 0.468*** (0.102) 0.390*** (0.0539) 0.357*** (0.0526) 0.333*** (0.0535) 0.233*** (0.0843) 0.396*** (0.0438)

Age -0.004 (0.00400) -6.12e-05 (0.00154) -0.003** (0.00125) -0.005*** (0.00156) -0.008*** (0.00285) -0.00262* (0.00140)

Agricultural education -0.086 (0.0999) -0.008 (0.0494) -0.070** (0.0352) -0.079** (0.0341) -0.036 (0.0602) -0.0664* (0.0361)

General education -0.187 (0.186) -0.034 (0.103) 0.048 (0.0900) 0.008 (0.0595) -0.135 (0.126) -0.0176 (0.0751)

Gender -0.190 (0.147) -0.118* (0.0699) -0.151** (0.0724) -0.080 (0.0542) -0.008 (0.0974) -0.0839 (0.0574)

lnSubsidy -0.156* (0.0915) -0.147*** (0.0496) -0.169*** (0.0491) -0.161*** (0.0491) -0.0884 (0.0826) -0.161*** (0.0407)

Fruit -0.445 (0.314) -0.619*** (0.125) -0.823*** (0.133) -0.894*** (0.138) -1.180*** (0.281) -0.698*** (0.114)

Grass -0.132 (0.361) -0.275 (0.170) -0.304* (0.169) -0.376** (0.179) -0.785** (0.334) -0.282* (0.148)

Crop production -0.330 (0.310) -0.479*** (0.130) -0.484*** (0.137) -0.561*** (0.145) -0.874*** (0.281) -0.470*** (0.119)

Pigs -0.549 (0.438) -0.0936 (0.296) -0.241 (0.158) -0.319** (0.145) -0.514* (0.266) -0.297** (0.147)

Grapes -0.446 (0.324) -0.738*** (0.139) -0.993*** (0.142) -1.153*** (0.188) -1.292*** (0.289) -0.809*** (0.124)

Milk -0.0107 (0.334) -0.294** (0.137) -0.394*** (0.137) -0.553*** (0.149) -0.892*** (0.288) -0.368*** (0.121)

Mixed -0.327 (0.360) -0.354** (0.146) -0.511*** (0.136) -0.575*** (0.144) -0.772** (0.314) -0.431*** (0.125)

Vegetables -1.238** (0.574) -0.996** (0.453) -0.855*** (0.292) -1.088*** (0.260) -0.728* (0.416) -0.948*** (0.210)

Vegetable field -0.721** (0.351) -0.648*** (0.200) -0.500*** (0.184) -0.537*** (0.160) -0.562* (0.288) -0.569*** (0.135)

Intermediate region 0.0421 (0.128) 0.0155 (0.0787) -0.0730 (0.0524) -0.0788* (0.0468) -0.0291 (0.0841) -0.00917 (0.0565)

Rural region -0.0491 (0.169) 0.0154 (0.109) 0.0575 (0.0712) 0.00964 (0.0621) 0.0644 (0.103) 0.0320 (0.0756)

Constant 0.653 (0.610) 1.095*** (0.286) 2.006*** (0.260) 2.441*** (0.251) 2.788*** (0.538) 1.636*** (0.233)

Pseudo R2 0.1748 0.1926 0.1997 0.2216 0.2465

R2 0.336

N 962 962 962 962 962 962

Machado-Santos Silva test

(p value) 0.000 0.004 0.655 0.833 0.323 0.072

VIF 3.03

Note: robust standard errors in the parentheses, level of significance, ***p < 0.01 ¼ at 1%, **p < 0.05 ¼ at 5%, *p < 0.1 ¼ at 10%.
Source: Authors’ calculations based on the Hungarian FADN database.
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significantly negative for lnSubsidy, the farm types fruit, crop produc-
tion, grapes, milk, mixed, vegetables, and vegetable field; negative at a
5% significance level for farm type pigs; and significantly negative at
10% significance level for age, agricultural education, and farm type
grapes; and insignificant for general education, gender, intermediate
region, and rural region.

Figure 3 shows the results of the quantile and OLS regressions with a
95 percent confidence interval for the key variables in the model: initial
farm size, age, agricultural education, general education, gender, and
CAP subsidies. The latter are included because they are an important
driver of farm growth.

We can see that for most of the variables the coefficients of the
quantile regressions are within the confidence interval of the OLS re-
gressions except for the coefficients of farm size in ln EUME and age
variables in the high quantiles. This suggests that our results are stable at
different points in the distribution, which is also confirmed by the Wald
tests used to check equality across quantiles in Table 4 for all variables
except for farm-type dummy variables and region-type dummy variables
(Table 5). There is a difference only for the age variable at a 10 percent
significance level. Family farms in Hungary are rather homogenous in
terms of coefficients related to drivers of family farm size growth.

6. Discussion

Within the structure of Hungarian agriculture, a smaller number of
large-scale commercial farms play a dominant role in large-scale crop
farming, whilst the larger number of family farms is important in relation
to many other farming specializations. Similarly to the situation in
developed countries, the number of family farms has declined, and their
average size has increased. It is likely that similar patterns of farm growth
will continue to exist in the future with climate-change-related adjust-
ments, technological changes, and digitalization of the farming sector,
which require investment that may only be manageable for farms of at
7

least a minimum size, and depend on farm-type specialization (Gatto,
2022; Zurek et al., 2022). Whilst small-scale farms might survive as
hobby and diversified farms with non-farming activities and incomes on
and off farm, it is likely that many of them will exit farming, particularly
in less-favored areas for farming (Huber et al., 2015).

Our results are largely consistent with previous studies that have
rejected the validity of Gibrat’s law for Hungarian family farms, con-
firming that the smaller family farms have grown faster than larger ones.
This finding confirms H1 and implies that farm size growth is indepen-
dent of initial farm size. The market-driven selection environment can
also provide opportunities for the growth and survival of smaller family
farms, depending on farm type specialization (Akimowicz et al., 2013;
Blancard et al., 2016; Bojnec and Knific, 2021).

However, the focus of our study was not on testing the validity of
Gibrat’s law for family farm size growth, but underlining the importance
of some other drivers in relation to farm size growth. The results about
human capital variables – age, agricultural education, and gender – and
on CAP subsidies differ considerably between the farm quantiles.

Agricultural education is insignificant for the lowest and highest
quantiles, and significantly negative for the 50th and 75th quantiles.
General education is insignificant for all quantiles. This finding is largely
inconsistent with our theoretical expectation, and suggests rejection of
H2. The future growth of Hungarian family farms in relation to farm
leaders’ age and education structures is not propitious. The farmer
population is aging, with little room to improve human capital. However,
an agricultural and general education may be important for young heads
of farms who enter the agricultural sector. Therefore, human capital
improvements and generational renewal may require better educated
and trained individuals becoming involved in growing family farms. The
young and educated may be more flexible and entrepreneurial than the
less-educated elderly heads of farms.

Age is found to be insignificant for lower quantiles and significantly
negative for the 50th and higher quantiles. This confirms H3 about the



Figure 3. Coefficients and confidence intervals of quantile and ordinary least squares (OLS) regressions. Source: Authors’ calculations based on the Hungarian
FADN database.
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nonlinear association between farm size growth and farmer age. Elderly
farmers are less likely to invest effort into increasing family farm size.

Gender is insignificant for the lowest and two highest quantiles and
significantly negative for the 50th quantile and to a lesser extent for the
25 quantile. The gender imbalance on Hungarian family farms may have
negative implications not only for farming but also in terms of socio-
economic and demographic consequences, as well as the survival of farm
households, agriculture, and rural areas.

These non-linearities in the role of human capital variables – educa-
tion, age and gender – on farm size growth according to quantile imply
the need for different policies and practical and farm managerial mea-
sures regarding individual/family farm size growth.

Previous studies have argued for the different roles of farm subsidies
on farm size growth. Except for the 90th quantile and to a lesser extent for
the 10 quantile CAP subsidies are found to be highly significant, but with
a negative sign of the regression coefficient for the 25th, 50th, and 75th
quantiles. These mixed results for CAP subsidies by quantile and their
negative effects on individual farm size growth are largely inconsistent
with H4. The result might suggest that CAP subsidies can play various
roles for farms that are not only efficiency or growth-related (Bar�ath
Table 5. Tests of equality of regression coefficients by quantile (p-values).

Wald test (p-value)

ln farm size in EUME 0.4374

Age 0.0613

Agricultural education 0.4558

General education 0.5387

Gender 0.6584

lnSubsidy in EUME 0.8775

Source: Authors’ calculations based on the Hungarian FADN database.
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et al., 2020; Lillemets et al., 2022). For example, their effect might be less
farm size growth oriented, but capable of mitigating farm-related losses
on Hungarian farms (Fert}o et al., 2022).

Each of the statistically significant associations with type of farming
by quantile has a negative sign, suggesting lower farm size growth than
for the benchmark poultry type of farming. Only vegetable farms are
associated with a significant negative sign for each quantile. Except for
the 10th quantile, this also holds true for fruit, crop production, grapes,
milk, and mixed farming. Grass and pig farming regression coefficients
are significant for the 75th quantile as well as grass for the 90th quantile,
and to a lesser extent for pigs, and to a lesser extent for grass for the 50th
quantile. Like vegetable farms, vegetable fields are associated with a
significant negative sign for each quantile. This heterogeneity in results
and findings across types of farming and farm size quantiles supports H5
that farm growth is associated with particular types of farming.

Rural region is statistically insignificant, whilst intermediate region is
significant at a 10% significance level for the 75th quantile. These results
regarding H6 about farm growth associated with spatial farm location
regional characteristics confirm that spatial regional farm location plays
a less important role in family farm size growth in Hungary.

During the last two decades, the pattern of farm size growth and
development of Hungarian individual farm restructuring – involving a
reduction in the number of farms and the increase in the average farm
size – has been similar in developed and some transition countries
(Plogmann et al., 2022). There may be some spatial territorial differences
in agricultural factor endowments and their effects on farm growth be-
tween regions and municipalities that are causing the dynamics of farm
restructuring (Appel and Balmann, 2022). Among important factors for
farm restructuring and family farm size growth, we identify the
non-linear and different effects of the prevailing type of farming
specialization. This finding can be linked to the previous literature on the
role of type of farming on farm efficiency (Jin et al., 2019) and farm
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restructuring (Pereira Domingues Martinho et al., 2022). Different types
of farming can also be affected differently by climate change (Solymosi
et al., 2010), technological change, innovation, the introduction and
application of artificial intelligence, and digitalization processes on farms
and local food systems (Raheem, 2020). These various drivers can also
have non-linear impacts on farm size growth and farm restructuring. This
can be an issue for research in the future.

7. Conclusions

The article contributes to the research, policy, and practice related to
the main drivers of family farm growth in the Hungarian context and the
versatile role of family farms in rural areas. The paper helps identify the
drivers of family farm size growth and the extent to which the growth of
family farms is influenced by human capital and management skills,
controlled for farm size, and tests the validity of Gibrat’s law and impact
of CAP subsidies, different types of farming, and selected spatial farm
location regional characteristics in Hungarian agriculture between 2007
and 2015 using data from the FADN system. Our results – similarly to
previous findings (Bakucs and Fert}o, 2009) – show that the size of farms
has a positive effect, while CAP subsidies have a negative effect on the
growth of family farms, suggesting that farms are overdependent on CAP
subsidies.

Surprisingly, unlike the study of Forg�acs (2007) on leadership and
social capital in two Hungarian agricultural cooperatives, our in-depth
econometric study based on a more comprehensive and representative
FADN data sample suggests rejection of the hypothesis of the crucial role
of human capital for family farm size growth, as farmers’ leadership skills
are found to be less important in family farm economic growth strategy.
Farmers’ agricultural-specific human capital has a more negative effect
on the growth of family farms. This may be because the specific human
capital of an aging farming society is already obsolete, and therefore an
obstacle to the growth of family farms. The finding highlights the need to
pay more attention to the renewal of the farming profession with a
greater role for the human capital of the young farming generation and
its development, especially during succession. This may be a precondi-
tion of the survival and growth potential of family farms.

Among the study limitations is the nature of the FADN dataset with its
limited number of human capital and managerial or head-of-farm vari-
ables and farm-household variables that can be included in the empirical
analysis. Growing farms can be agglomerated in space. Studying the
agglomeration effects of farm growth would require different datasets
obtained from agricultural census data that permit comparison of farm
growth with farm location, farmers’ and farm households’ characteris-
tics, and other variables.

In addition to the FADN dataset limitations, there is room for further
analysis. Among the issues for research in the future is an investigation of
farm size growth related to financial variables such as the role of liquidity
constraints and access to finance. Farm size growth can also be linked to
CAP changes regarding support for young farmers and rural development
measures. Finally, farm size growthmay continue to be caused by climate
change and the robotization and digitalization of farms. The adoption of
modified production technologies will require investment that is likely to
cause further farm restructuring that varies by farm type and spatial
regional location.
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