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Abstract
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Development of agriculture in Bulgaria is of a great importance for reaching sustainability in rural areas in the country.
The aim of this research is to find some of the factors, influencing gross value added (GVA) in agriculture and the number of
agricultural holdings in Bulgaria, using autoregressive distributed lag (ARDL) models.

The study includes two parts. In the first part the theoretical basis of some of the most important factors, influencing GVA and
number of agricultural holdings are revealed. In the second part, autoregressive distributed lag (ARDL) models are developed for
the GVA in agriculture and for the number of agricultural holdings. According to the results some conclusions are made.

The ARDL model for the gross value added in agriculture is highly significant with R? of 0.9872. The dummy variable is
also highly significant, showing that there is a significant difference in the GVA in agriculture before and after the EU accession
of Bulgaria. The difference in the GVA in agriculture appears with one-year lag after the accession (from 2008). According to
the long-run model, the employed persons with higher education influence significantly over GVA in agriculture. The coeffi-
cient in front of the employed persons with higher education is a positive number, meaning that with the increase of persons
with higher education, GVA also increases and vice versa. So the human factor appears to be of a great importance for the gross
value added in agriculture. The coefficient of the foreign direct investments in agriculture is a positive, but an insignificant
number in the long-run. The speed of adjustment is 79.24%, highly significant and a negative number.

The model for the number of agricultural holdings is highly significant with a coefficient of determination of 0.9984. The
population number significantly influences the number of agricultural holdings in a long — run, as well as in a short-run and
the processes of decline of population, have a direct impact on the number of agricultural holdings. It means the smaller the
population number, the smaller the number of agricultural holdings in Bulgaria. In the long-run model the coefficient in front
of the average utilized agricultural area is negative and insignificant. The speed of adjustment is 47.76%.

The results and conclusions of the study can be used as an instrument for benchmarking of the Bulgarian agriculture.
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Introduction in international analyses and as a comparative tool between
the countries (Sojkova & Stehlikova, 2004). Furthermore,

The disclosure of factors, influencing the development of the correct interpretation of the factors, influencing on GVA
the agrarian sector will contribute to its better governance. in the sector, can be used for the development of some prin-
Gross value added in agriculture is an important indicator ciples, criteria and indicators for assessment of Bulgari-
for the state and development of the sector. It can be used an agrarian sustainability. Also, GVA in agriculture can be
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traced how it is changing over time and on this basis to pre-
pare some general conclusions.

The models, concerning the competitiveness of agricul-
tural sector, are measured by Bachev et al. (2017) according
to the change of gross value added and the share of direct
payments in the net income. According to Campos et al.
(2010) the share of gross value added from agriculture and
the agricultural employment display the regional economy’s
structure.

Acresearch, concerning the member states joined EU since
2004, has established a link between agricultural structures
and the agrarian GDP, leading to differences in development
of the agrarian sector (Buchenrieder et al., 2007). There is
an evident of existing heterogeneity among the CEE coun-
tries in terms of economic development status, land tenure
and endowment, education and employment (Buchenrieder
et al., 2007). According to the applied investment theories
by the authors (Dixit & Pindyck, 1994; Zidkova et al., 2011),
one of the factors, which influences on increasing value of
GVA, is the investments.

In countries as Italy and Netherland, researches reveal
links and reasons for a change in gross value added. Accord-
ing to Tarditi (2000) this change is due to structural shifts in
the agrarian sector, consolidation of farms, higher education
of people, and investments in public support for national ag-
ricultural research systems; Pardey et al. (1989) stress that
these processes are mainly driven by CAP support.

The number of agricultural holdings is an important in-
dicator for the development of the agrarian sector. Usually
it leads to structural changes (Buchenrieder et al., 2007).
According to Giannakis & Bruggeman (2015), privatiza-
tion and redistribution of agricultural land lead to decline in
number of agricultural holdings in Eastern Europe, including
Bulgaria.

The number of population in Bulgaria is an important in-
dicator, connected with the perspectives for the future devel-
opment of the agrarian sector as a whole. The population is
the source of working force, entrepreneurship and the main
consumer of the produce. So the dynamic of changes in Bul-
garian population inevitably reflects over the image of agri-
culture. Since 2000 to 2017, the population in Bulgaria has
decreased with 13.5%: from 8149500 in 2000 to 7050034 in
2017 (National Statistical Institute, Republic of Bulgaria). In
this study we tried to explore how this negative tendency of
decline of population influenced over the number of agricul-
tural holdings in Bulgaria.

At the beginning of the transitional period, the num-
ber of farms in Bulgaria is extremely large, with the larg-
est number of farms having less than one hectare of land
(Kopeva & Noev, 2001; Dirimanova, 2005). Due to land

restructuring in Bulgaria by land ownership restoration, the
total number of agricultural holdings decreases, which is
mainly represented by the number of farms with size up
to one hectare (Ivanova et al., 2000; Mergos et al., 2001).
The number of agricultural holdings declined with 48% be-
tween 2007 and 2013 and this process is still undergoing
(Doitchinova et al., 2017).

Other important factor, influencing agrarian sector is the
intensity of the production system and some farmers’ charac-
teristics as farmers’ training and educational level (D’ Amico
et al., 2013). The same authors stress that the structure of the
farms has a significant effect on farm profitability in terms of
GVA per holding and per employee (D’ Amico et al., 2013).

In some countries as Romania the gross added value af-
ter 1990 has moving downwards despite the increase in the
number and share of rural workers (Ciutacu et al., 2015).

So according to the literature review some of the most
important factors, influencing GVA in agriculture are the in-
vestments and the employed persons in the sector. The fac-
tors having the highest impact on the number of agricultural
holdings are connected mainly with land privatization, num-
ber of plots and farm size.

The aim of this research is to find some of the factors,
influencing gross value added (GVA) in agriculture and the
number of agricultural holdings in Bulgaria, using autore-
gressive distributed lag (ARDL) models.

Materials and Methods

The autoregressive distributed lag (ARDL) models were
developed on the basis of information, published by the
Ministry of Agriculture, Food and Forestry, Republic of Bul-
garia, National Statistical Institute and Bulgarian National
Bank. The time series were checked for unit root with Aug-
mented Dickey-Fuller test (ADF) and Kwiatkowski—Phil-
lips—Schmidt—Shin test (KPSS). The models were tested for
serial autocorrelation, heteroskedasticity, normal distribu-
tion of the residuals, and for stability.

* ARDL model for the Gross Value Added in agricul-
ture

The first developed model, which concerns the gross
value added in agriculture, includes the following variables,
represented as logarithms:

— Gross value added in agriculture in real terms (million
BGN) — the nominal data was derived from the National Sta-
tistical Institute for the period 2000 — 2017. After that the
data were deflated with the Consumer Price Index on the ba-
sis of 12.1995.

— Foreign direct investments in agriculture in real terms
(thousand BGN) — the nominal data was derived from the
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National Statistical Institute. Their values were represented
in USD for the period of 2000-2006 and in EUR from 2007
to 2017. In order to find them in BGN, the values in USD
were multiplied with the average annual currency rate of
USD/BGN. The average annual currency rate was calculat-
ed by us, using data from the Bulgarian National Bank. The
Bulgarian National Bank publishes information for the aver-
age currency rate for every month of the year. We summed
these values on the yearly basis and then divided the sum
by 12. The values, represented in EUR, were multiplied by
1.95583, which was the fixed currency rate for EUR/BGN.
After that the data were deflated with the Consumer Price
Index on the basis of 12.1995.

— Employed persons with higher education (in thou-
sands) — the data for the period from 2003 to 2017 was taken
from the National Statistical Institute.

In the model is included a dummy variable, which has
value 1 for the period from 2008 to 2017, and value 0 for the
period 2000 — 2007. The reason for including that dummy
is because Bulgaria became a member of the EU in 2007.
We figure out that the Bulgaria’s membership in EU has an
impact over the gross value added in agriculture. We found
out under this research, that the impact of membership influ-
enced significantly on the gross value added in agriculture
one year after Bulgaria’s accession to the EU. So the dummy
has value 1 starting from 2008.

We suppose that the following model is applicable for the
gross value added in agriculture:

GVAa = f(FDIa, EPh, Dummy), )

where: GVAa — logarithmic value of the Gross Value Added
in agriculture in real terms; F'Dla — logarithmic value of the
foreign direct investments in agriculture in real terms; EPh
— logarithmic value of the employed persons with higher ed-
ucation; Dummy — it is the dummy, described above.

The exact ARDL model for the Gross Value Added in
agriculture is represented as followed:

d(GVAa): = o+ prd(GVAa): -2+

+ fB2d(FDIa):+ B3d (EPh): -1+

+ Padummy + fsGVAar -1+

+ BeFDlai -1+ B1EPh: -1+ & )

where: d is the first difference; B, is the constant; from 6, to
BB, are the short-run coefficients;

B, is the dummy coefficients; from B; to B are the long-
run coefficients; ¢, is the error term.

Equation (3) shows the long-run model, which is tested
for co-integration (H,) against the alternative of no co-inte-

gration (H,). In order to check the long-run relation, Wald
test is applied. H, of the test could be written as followed: B5
=6 =7 = 0. The calculated F-statistic is collated with the
lower and upper bounds of Pesaran et al. (2001) (unrestricted
intercept and no trend) at 5% significance level.

GVAa: = a1 FDIa:+ a2EPh: + e (3)

The short-run version of the model for GVAa is repre-
sented in equation (4):

d(GVAa): = Po+ prd(GVAa) -2 +
+ p2d(FDIa):+ B3d(EPh): -1 +
+ fadummy + fsect _gvar-1+ée ()

where: ect gva is the error correction term for the gross val-
ue added in agriculture.

* ARDL model for the number of agricultural hold-
ings

The model includes the next variables:

— Logarithm of the number of agricultural holdings for
the period of 2000 to 2016. The data for 2000, 2001, 2003,
2005, 2007, 2010, 2013 and 2016 were gathered from the
Ministry of Agriculture, Food and Forestry, Republic of Bul-
garia. For the other years we couldn’t find information. So,
a linear interpolation method was applied in order to fill the
missing data (2002, 2004, 2006, 2008, 2009, 2011, 2012,
2014, and 2015).

— Logarithm of the average utilized agricultural area (in
dca) — The data for 2000, 2001, 2003, 2005, 2007, 2010,
2013 and 2016 were gathered from the Ministry of Agricul-
ture, Food and Forestry, Republic of Bulgaria. The missing
data were filled with the help of a linear interpolation method
(2002, 2004, 2006, 2008, 2009, 2011, 2012, 2014, and 2015).

— Logarithm of the number of population for the period
from 2000 to 2017. The data were derived from the National
Statistical Institute.

We figure out that the following model could be applied
for the number of agricultural holdings in Bulgaria:

Na = f(AvU, Np) (5)

where: Na is the logarithmic value of the number of agricul-
tural holdings; AvU — logarithmic value of the average uti-
lized agricultural area; Np — logarithmic value of the number
of population in Bulgaria.

The developed ARDL model for the number of agricul-
tural holdings is presented in equation (6):
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1 1
Na: = ﬂO+ﬂ1Nat—1+Zﬂ2AV(Jt+Zﬂ3Npt+8t
i=0 i=0 (6)

where: 3, is the constant; from B, to B, are coefficients of the
model; ¢, is the white noise.

Bounds test is applied in order to check the co-integra-
tion between the variables from the long-run model (equa-
tion (7)):

Na: = a1 AvUi+ a2 Npi+ e (7)

The short-run version of the ARDL model is presented
below:

d(Na):= o+ prd(AvU): +
+ fB2d(Np):+ fsect nar-1+é& (8)

Table 1. ADF and KPSS tests for stationarity at 5% sig-
nificance level

Variable | ADF KPSS

FDIa S.tatlonary at first Stationary at first difference
difference
Stationary at first .

GVAa difference Stationary at level
Stationary at first .

EPh difference Stationary at level
Stationary at first . .

Np difference Stationary at first difference

Na (Si.tatlonary at first Stationary at first difference

ifference
AvU Stationary at level Stationary at first difference

Source: Own calculations

where: d is first difference of the variables; B is the constant;
ect na is the error correction term for the number of agricul-
tural holdings in Bulgaria; from B, to B8, are the coefficients
of the model.

The short-run associations between the dependent and
independent variables are checked with Wald test.

The error correction terms for both ARDL models repre-
sent the speed of adjustment in a long-run.

Results and Discussions

The results from the stationarity tests are presented in
Table 1. According to ADF test, only the average utilized
agricultural area is stationary at level. The other variables
are stationary at first difference. According to the KPSS test,
gross value added in agriculture and employed persons with
higher education are stationary at level. The rest of the time
series are stationary at first difference. Because some of the
variables are /(0), the other are /(1), ARDL models are ap-
propriate choice for that kind of a data (Pesaran et al., 2001).

* ARDL model for Gross Value Added in agriculture

The F-statistic of Wald test of the model with dependent
variable D(GVAa) (equation 2) shows that the long-run co-
efficients are in equilibrium: the F-statistics of Wald test is
50.0031, which is higher than the upper bound of Pesaran et
al. (2001).

Table 2 represents the estimates, goodness of fit and some
of the diagnostic tests of the model for D(GVAa) (equation
@)).

The ARDL model for D(GVAa) is highly significant
(F-statistic = 55.1570; probability = 0.0002). The adjusted
R? was 0.9693. According to the results of test for serial cor-

Table 2. ARDL model with a dependent variable D(GVAa) (equation (2))

Variable Coefficient T-Statistic Probability
d(GVAa(-2)) -0.199478 -3.6639 0.0145
d(FDAa) 0.309583 8.8960 0.0003
d(EPh(-1)) -0.943373 -7.9612 0.0005
Dummy -0.234814 -4.5259 0.0062
Constant -0.193428 -0.3712 0.7257
GVAa(-1) -0.792355 -8.4901 0.0004
FDAa(-1) 0.068392 1.7838 0.1345
EPh(-1) 1.166601 9.64788 0.0002
R-squared/Adjusted R-squared 0.9872/0.9693

F-statistic / Probability 55.1570/ 0.0002

Serial Correlation LM Test (y2/Probability): 5.3877/0.0676

ARCH Heteroskedasticity Test (%2/Probability): 3.1821/0.2037

Jarque-Bera test (Coefficient / Probability): 0.6810/ 0.7114

Source: Own calculations
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relation and heteroskedasticity test we can accept that the
model is homoscedastic and free from serial autocorrelation.
The residuals are normally distributed (Jarque-Bera test) and
the model is stable (Figure 1 and Figure 2). The dummy vari-
able is highly significant, showing that there is a significant
difference in the gross value added in agriculture before and
after the EU accession of Bulgaria. The year 2007 is the first
of Bulgaria’s EU accession, but the first results can be traced
out in 2008, or one-year lag appeared.

2 \/4
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Fig. 1. CUSUM test of the ARDL model
with a dependent variable D(GVAa) at 5% significance
level (equation (2))
Source: Own calculations

0.8

00

2m3 oun s o o 207

Fig. 2. CUSUMSQ test of the ARDL model with a
dependent variable D(GVAa) at 5% significance level
(equation (2))

Source: Own calculations

According to the long-run estimates from Table 3, em-
ployed persons with higher education influence significant-
ly over the gross value added in agriculture. The coefficient
in front of the employed persons with higher education is
a positive number, meaning that with the increase of these
persons, the gross value added in agriculture also increases
and vice versa. So the human factor appears to be of a great
importance for the gross value added in agriculture. The co-
efficient of the foreign direct investments in agriculture is a
positive, but insignificant number.

The speed of adjustment in the short-run model is
79.24%, highly significant and a negative number.

Table 3. Long-run and short-run model for the Gross
Value Added in agriculture

Variable Coefficient | T-statistic | Probability
I. Long-run model for GVAa
FDIa 0.086315 1.8288 0.1270
Eph 1.472322 6.7407 0.0011
II. Short-run model for
D(GVAa)
d(GVAa(-2)) -0.199478 -4.4097 0.0031
d(FDIa) 0.309583 19.4672 0.0000
d(EPh(-1)) -0.943373 | -10.5677 0.0000
Dummy -0.234814 -8.1710 0.0001
Constant -0.193425 | -13.1111 0.0000
ect_gva(-1) -0.792355 | -14.4918 0.0000
Source: Own calculations

TN .

Fig. 3. Actual and fitted values of the ARDL model with
a dependent variable D(GVAa) (equation (2))

Source: Own calculations

According to Figure 3, the model fits well to the actual
values of Gross Value Added in agriculture.

* ARDL model for the number of agricultural holdings

According to the result of Bounds test of the model with
the dependent variable Na (equation 6), the F-statistic is
higher than the upper bound of Pesaran et al. (2001) (unre-
stricted intercept and no trend), showing that the long-run
coefficients are co—integrated (F-statistic of the model is
5.76).

The model for Na is highly significant with a coefficient
of determination 0.9984. Some of the diagnostic test of the
model is presented in Table 4 and Figures 4 and 5. The model
is tested for serial autocorrelation and heteroskedasticity, but
problems are not observed.

Wald test indicates that the population number signifi-
cantly influences the number of agricultural holdings in a
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Fig. 4. CUSUM test of the ARDL model with a depen-

dent variable Na at 5% significance level (equation (6))
Source: Own calculations
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Fig. 5. CUSUMSAQ test of the ARDL model with a depen-

dent variable Na at 5% significance level (equation (6))
Source: Own calculations

Table 4. ARDL model with a dependent variable Na
(equation (6))

Variable Coefficient T-Statistic | Probability
Na(-1) 0.522414 4.1107 0.0021
AvU -0.296156 -2.3314 0.0419
AvU(-1) 0.157781 1.4180 0.1866
Np 1.055812 0.6590 0.5248
Np(-1) 2.600743 2.5479 0.0290
Constant -51.16152 -2.7920 0.0191
R? Adjusted R? 0.9984/0.9977

F-statistic / 1285.547 /

Probability 0.0000

Serial Correlation 0.0082/0.9278

LM Test

(x2/Probability):

ARCH 0.0883/0.7663

Heteroskedasticity

Test (y2/Probability):

Jarque-Bera test 3.1379/0.2083

(Coefficient /

Probability):

Source: Own calculations
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Fig. 6. Actual and fitted values of the ARDL model with
a dependent variable Na (equation (6))
Source: Own calculations

Table 5. Long-run and short-run model for the number
of agricultural holdings

Variable Coefficient | T-statistic | Probability
1. Long-run model for Na

AvU -0.289739 | -1.9105 0.0851
Np 7.656327 3.1676 0.0100
II. Short-run model for

D(Na)

Constant -51.16152 | -4.5607 0.0010
d(AvU) -0.296156 | -3.5649 0.0051
d(Np) 1.055812 1.1441 0.2792
ect_na(-1) -0.477586 | -4.5550 0.0011

Source: Own calculations

short-run (y? (probability) = 16.71 (0.0002)), but the influ-
ence of average utilized agricultural area over the number
of agricultural holdings isn’t significant in a short-run ()’
(probability) = 5.55 (0.0624)).

Long-run model for Na (Table 5) indicates that with
the decrease of the number of population, the number of
agricultural holdings also decreases (p = 0.01). It means
that the processes of decline of population have a direct
impact on the number of agricultural holdings. The coef-
ficient in front of the average utilized agricultural area is
negative, although insignificant. The error correction term
(ect na) is a negative and highly significant number; low-
er than 1, indicating the speed of adjustment (47.76%).
Figure 6 shows that the model fits well to the number of
agricultural holdings.

Conclusions

The main findings from the literature review can be
summarized as follows:
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* Some of the factors, influencing on GVA in agricul-
ture are the investments and the employed person in
the sector.

 The factors having the highest impact on the number
of agricultural holdings are connected mainly with
land privatization, number of plots and farm size.

The main conclusions from the ARDL models are:

* The ARDL model for the gross value added in agri-

culture was highly significant with the adjusted R? of

0.9693. The dummy variable was also highly signif-

icant, showing that there was a significant difference

in the gross value added in agriculture before and
after the EU accession of Bulgaria. The difference
in the gross value added in agriculture appears with
one-year lag after the accession (from 2008). Ac-
cording to the long-run model, the employed persons
with higher education influence significantly over
the gross value added in agriculture. The coefficient
in front of the employed persons with higher edu-
cation is a positive number, meaning that with the
increase of persons with higher education, the gross
value added also increases and vice versa. So the hu-
man factor appears to be of a great importance for
the gross value added in agriculture. The speed of
adjustment is 79.24%, highly significant and a neg-
ative number. In the long-run model the coefficient

of the foreign direct investments in agriculture is a

positive, but an insignificant number.

The model for the number of agricultural holdings

is highly significant with a coefficient of determina-

tion of 0.9984. The population number significantly

influences the number of agricultural holdings in a

long — run, as well as in a short-run and the processes

of decline of population have a direct impact on the
number of agricultural holdings. It means the smaller
the population number, the smaller the number of ag-
ricultural holdings in Bulgaria. In the long-run model
the coefficient in front of the average utilized agri-
cultural area is negative and insignificant. The error
correction term was a negative and a highly signif-
icant number, lower than 1, indicating the speed of
adjustment (47.76%).
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