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The Western Balkan agricultural sector has  under-
gone constant change in the last few decades, primarily 
due to its transition from a centrally-planned economy 
to a market-oriented one. The Western Balkan region 
is not only a geographically connected but also a po-
litically connected group of  countries being consid-
ered for European Union (EU) integration. The group 
of Western Balkan countries includes Serbia, Monte-
negro, North Macedonia, and Albania, which are can-
didate countries for membership in the EU, and Bosnia 
and Herzegovina (B&H) which is currently a potential 

candidate. This process of  structural change in  these 
countries has  had a significant influence on produc-
tion performance in agriculture as well as implications 
for  changes in  efficiency and productivity. Structural 
changes in the countries of Central and Eastern Europe, 
which can serve as a useful benchmark for Western Bal-
kan countries, caused significant changes in price, pro-
duction, and trade of agri-food products during the re-
gion‘s pre-accession period and following EU accession. 
Furthermore, the liberalization process created greater 
opportunities and rewards in a more competitive mar-
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ket environment (Bojnec et al. 2012). Previous analyses 
of the efficiency of agriculture in Central and Eastern 
Europe showed that  agricultural production in  these 
countries is less efficient in comparison to the original 
member states, also known as the EU15 (Nowak et al. 
2015). Previous research has also indicated a decrease 
over time in the efficiency of agriculture in EU coun-
tries (Kocisova 2015). 

Also, a significant gap still exists between the newer 
member states and the EU15, especially in terms of la-
bour productivity (Matkovski et  al. 2016). This can 
be partially explained by  the different specialisation 
patterns in  these two regions. Central and Eastern 
European countries are more focused on cereal and 
raw-material based production, while in  the  EU15, 
animal- and processed product-based production 
results in higher value added per worker (Csaki and 
Jambor 2019). 

An analysis of  the competitiveness in  the Western 
Balkan countries during the  period of  EU integration 
reveals a significant increase in the foreign trade of agri-
cultural and food products, primarily as a result of mar-
ket liberalization (Matkovski et al. 2018), but their level 
of  agricultural productivity is significantly lower than 
in the EU countries. Productivity improvements require 
a longer period to  implement structural changes and 
adjustments to agricultural policy (Erjavec et al. 2014). 
Studies analysing the efficiency of the agricultural sector 
in Western Balkan countries a part of EU integration are 
rare. Therefore, in this study, we investigated technical 
efficiency in agriculture, which is determined by the re-
lationship between used inputs and produced output. 
We used the Data Envelopment Analysis (DEA) because 
it is one of  the most commonly used tools for  assess-
ing efficiency. The  advantage of  the DEA is its ability 
to handle multiple inputs and outputs (Kocisova 2015). 
Thus, our main objective was to determine the efficiency 
of  agriculture in  the Western Balkan countries during 
the process of EU integration. This paper should answer 
two main research questions. First, is the  agricultural 
sector in  the Western Balkan performing efficiently? 
Second, how are these countries positioned according 
to the efficiency of agriculture in comparison to the EU 
countries? We will also explore the main sources of inef-
ficiency in agriculture and suggest means for improving 
efficiency in this important sector.

LITERATURE REVIEW

In previous decades, productivity and efficiency be-
come significant factors influencing economic devel-

opment at both micro and macro levels. As a result, 
various quantitative methods are used to  properly 
measure efficiency. These methods can mainly be di-
vided into two fundamentally different groups: para-
metric and non-parametric. The parametric approach 
is primarily based on advanced regression analysis, 
while non-parametric methods use mathematical 
programming to  measure and compare efficiency. 
The DEA has become a very popular non-parametric 
method for efficiency analysis, and it can be success-
fully applied in a range of different fields, from meas-
uring economic growth on a macro level (Skare and 
Rabar 2015) to  applications in  finance, education, 
health care, tourism, and, most importantly, to agri-
culture. Table 1 presents a literature review of papers 
in which the DEA was applied to agriculture, which 
motivated the  research presented here. The  selec-
tion of  references in  the literature review was  pre-
dominantly determined according to  similarities 
to our research in terms of the methodology used and 
the regions analysed. Of particular interest is Blazejc-
zyk-Majka and Kala (2015), who combined the para-
metric and non-parametric approach in order to re-
duce discrepancies among the results obtained. This 
combined method was used to calculate the technical 
efficiency of agricultural production in the USA and 
selected regions in the EU. 

A detailed search of  the literature revealed a lack 
of research focused on the technical efficiency of ag-
riculture in  the Western Balkan countries, and no 
comparative analysis of  these countries to  the EU 
countries was  found. To  the best of  our knowledge, 
no studies have been conducted in  this field. There-
fore, this paper should contribute to  filling this gap 
in the literature.

METHODOLOGY

The main purpose of this study is two-fold: to inves-
tigate the  relative technical efficiency of  agriculture 
in  the  Western Balkan countries using the  DEA, and 
to provide a comparative analysis with the EU countries. 
Efficiency as  a relationship between achieved outputs 
and used inputs was introduced by Farrell (1957), who 
defines the term technical efficiency as the ability to ob-
tain a maximal output with a given set of  inputs. Two 
decades later, Charnes et al. (1978) developed the DEA 
method, which is now a commonly used mathematical 
technique for measuring efficiency in various fields. 

Charnes et al. (1978) introduced the basic DEA CCR 
model with constant return to  scale, named by  us-

https://www.agriculturejournals.cz/web/hortsci/


67

Agricultural Economics – Czech, 66, 2020 (2): 65–73	 Original Paper

https://doi.org/10.17221/224/2019-AGRICECON
Ta

bl
e 

1.
 L

ite
ra

tu
re

 re
vi

ew
 o

f p
ap

er
s o

n 
te

ch
ni

ca
l e

ffi
ci

en
cy

 o
f a

gr
ic

ul
tu

re
 u

si
ng

 th
e 

D
EA

 m
et

ho
d

A
ut

ho
r 

(y
ea

r)
Pe

ri
od

 
of

 a
na

ly
si

s
C

ou
nt

ry
 

/r
eg

io
n

Va
ri

ab
le

s
Re

su
lts

Bo
jn

ec
 a

nd
 

La
tr

uff
e 

(2
00

8)
19

94
–2

00
3

Sl
ov

en
ia

in
pu

ts
: l

an
d,

 la
bo

ur
, c

ap
ita

l, 
in

te
rm

ed
ia

te
 

co
ns

um
pt

io
n

ou
tp

ut
s: 

cr
op

 re
ve

nu
e,

 li
ve

st
oc

k 
re

ve
nu

e,
 o

th
er

 
re

ve
nu

e

Th
e 

re
su

lts
 in

 th
is

 p
ap

er
 sh

ow
ed

 th
at

 S
lo

ve
ni

an
 fa

rm
s a

re
 re

la
tiv

el
y 

hi
gh

ly
 e

ffi
ci

en
t. 

A
ls

o,
 re

su
lts

 sh
ow

ed
 th

at
 fi

ve
 fa

rm
 b

ra
nc

he
s (

cr
op

, d
ai

ry
, l

iv
es

to
ck

 u
si

ng
 fe

ed
 fr

om
 

th
e 

sa
m

e 
fa

rm
, f

ru
it 

an
d 

fo
re

st
ry

) a
re

 fu
lly

 e
ffi

ci
en

t, 
so

 th
es

e 
sp

ec
ia

lis
at

io
ns

 h
av

e 
th

e 
be

st
 c

ha
nc

e 
of

 c
om

pe
tin

g 
on

 th
e 

Eu
ro

pe
an

 a
nd

 w
or

ld
 m

ar
ke

t.

Bo
jn

ec
 e

t a
l. 

(2
01

2)
20

01
–2

00
6

10
 n

ew
 E

U
 

m
em

be
r s

ta
te

s

in
pu

ts
: l

ab
ou

r, 
tr

ac
to

rs
, l

an
d,

 fe
rt

ili
ze

rs
, 

liv
es

to
ck

 u
ni

ts
ou

tp
ut

s: 
gr

os
s v

al
ue

 a
dd

ed
 in

 a
gr

ic
ul

tu
re

T
he

 D
EA

 te
ch

ni
ca

l e
ff

ic
ie

nc
y 

sc
or

es
 in

 a
gr

ic
ul

tu
re

 v
ar

y 
am

on
g 

th
e 

co
un

tr
ie

s 
an

al
ys

ed
. T

hi
s 

is
 e

xp
la

in
ed

 th
ro

ug
h 

a 
co

m
bi

na
tio

n 
of

 in
st

itu
tio

na
l a

nd
 p

ol
ic

y 
re

fo
rm

 fa
ct

or
s,

 te
ch

no
lo

gy
 a

nd
 re

la
tiv

e 
na

tu
ra

l a
gr

ic
ul

tu
ra

l f
ac

to
r 

en
do

w
-

m
en

ts
, f

ar
m

 s
tr

uc
tu

re
s,

 a
nd

 s
ca

le
 e

co
no

m
ie

s 
th

at
 h

av
e 

ev
ol

ve
d 

or
 e

m
er

ge
d 

fr
om

 
th

e 
tr

an
si

tio
n 

pr
oc

es
s,

 a
s 

w
el

l a
s 

fa
rm

 s
pe

ci
al

iz
at

io
n,

 fo
re

ig
n 

di
re

ct
 in

ve
st

m
en

ts
, 

no
m

in
al

 r
at

e 
of

 a
ss

is
ta

nc
e,

 ti
m

e 
tr

en
d 

an
d 

an
 u

rb
an

-r
ur

al
 in

co
m

e 
ga

p.

A
ka

nd
e 

(2
01

2)
19

99
–2

00
9

EU
15

in
pu

ts
: l

ab
ou

r, 
ag

ri
cu

ltu
ra

l a
re

a,
 b

ui
ld

in
gs

, 
m

ac
hi

ne
ry

, c
os

t o
f m

at
er

ia
ls

, l
iv

es
to

ck
 u

ni
t

ou
tp

ut
s: 

cr
op

 o
ut

pu
t, 

an
im

al
 o

ut
pu

t

Th
e 

re
su

lts
 in

 th
is

 p
ap

er
, t

hr
ou

gh
 a

 b
re

ak
do

w
n 

of
 th

e 
EU

15
 in

to
 fo

ur
 re

gi
on

al
 

gr
ou

ps
, s

ho
w

ed
 th

at
 th

e 
W

es
te

rn
 E

ur
op

ea
n 

Re
gi

on
 w

as
 m

or
e 

effi
ci

en
t w

ith
 

th
e 

hi
gh

es
t a

ve
ra

ge
 te

ch
ni

ca
l e

ffi
ci

en
cy

 o
f 9

5.
 Th

e 
C

en
tr

al
 E

ur
op

ea
n 

Re
gi

on
 sh

ar
ed

 
th

e 
sa

m
e 

te
ch

ni
ca

l e
ffi

ci
en

cy
 le

ve
l o

f 8
5 

w
ith

 th
e 

So
ut

he
rn

 E
ur

op
ea

n 
Re

gi
on

, w
hi

le
 

th
e 

N
or

th
er

n 
Eu

ro
pe

an
 re

gi
on

 w
as

 th
e 

le
as

t t
ec

hn
ic

al
ly

 e
ffi

ci
en

t (
84

).

Bo
jn

ec
 a

nd
 

La
tr

uff
e 

(2
01

3)
20

04
–2

00
6

Sl
ov

en
ia

in
pu

ts
: l

an
d,

 la
bo

ur
, t

ot
al

 a
ss

et
s v

al
ue

, 
in

te
rm

ed
ia

te
 c

on
su

m
pt

io
n

ou
tp

ut
s: 

cr
op

 o
ut

pu
t, 

liv
es

to
ck

 o
ut

pu
t

T
he

 re
su

lts
 in

 th
is

 p
ap

er
 s

ho
w

ed
 th

at
 s

m
al

l f
ar

m
s 

ar
e 

le
ss

 te
ch

ni
ca

lly
 e

ff
ic

ie
nt

 
bu

t m
or

e 
al

lo
ca

tiv
el

y 
ef

fic
ie

nt
 a

nd
 m

or
e 

pr
of

ita
bl

e.

Sp
ic

ka
 

(2
01

4)
20

11
10

1 
EU

 
re

gi
on

s

in
pu

ts
: u

til
iz

ed
 a

gr
ic

ul
tu

ra
l a

re
a,

 la
bo

ur
 in

pu
t, 

ec
on

om
ic

s s
iz

e,
 li

ve
st

oc
k 

un
its

, s
to

ck
in

g 
in

te
ns

ity
ou

tp
ut

s: 
cr

op
 o

ut
pu

t, 
liv

es
to

ck
 o

ut
pu

t

T
he

 re
su

lts
 s

ho
w

ed
 th

at
 c

ro
p 

ou
tp

ut
 p

er
 h

a 
an

d 
liv

es
to

ck
 o

ut
pu

t p
er

 li
ve

st
oc

k 
un

it 
ar

e 
ke

y 
ou

tp
ut

 d
et

er
m

in
an

ts
 o

f p
ro

du
ct

io
n 

ef
fic

ie
nc

y.
 A

ls
o,

 in
pu

t r
es

ul
ts

 
sh

ow
ed

 th
at

 e
ff

ic
ie

nt
 re

gi
on

s 
ha

d 
hi

gh
er

 la
nd

 p
ro

du
ct

iv
ity

, l
ab

ou
r 

pr
od

uc
tiv

ity
, 

en
er

gy
 p

ro
du

ct
iv

ity
, c

ap
ita

l p
ro

du
ct

iv
ity

 a
nd

 p
ro

du
ct

iv
ity

 o
f c

on
tr

ac
t w

or
k 

th
an

 
in

ef
fic

ie
nt

 re
gi

on
s.

K
oc

is
ov

a 
(2

01
5)

20
07

–2
01

1
EU

in
pu

ts
: l

ab
ou

r, 
la

nd
, c

ap
ita

l
ou

tp
ut

s: 
cr

op
 o

ut
pu

t, 
an

im
al

 o
ut

pu
t

Th
e 

re
su

lts
 in

 th
is 

pa
pe

r s
ho

w
ed

 th
e 

effi
ci

en
cy

 o
f t

he
 E

U
 a

gr
ic

ul
tu

ra
l s

ec
to

r h
ad

 
de

cr
ea

se
d 

ov
er

 ti
m

e 
an

d 
th

e 
m

ai
n 

so
ur

ce
 o

f i
ne

ffi
ci

en
cy

 w
as

 in
pu

t l
ab

el
le

d 
“t

ot
al

 
ut

ili
se

d 
ag

ric
ul

tu
ra

l a
re

a.
 

N
ow

ak
 e

t a
l. 

(2
01

5)
20

10
EU

in
pu

ts
: l

ab
ou

r, 
ca

pi
ta

l, 
la

nd
ou

tp
ut

s: 
ag

ric
ul

tu
ra

l p
ro

du
ct

io
n 

va
lu

es

Th
is

 p
ap

er
 in

di
ca

te
s t

ha
t t

he
 d

iff
er

en
ce

 b
et

w
ee

n 
th

e 
st

at
es

 w
ith

 th
e 

hi
gh

es
t a

nd
 

th
e 

lo
w

es
t e

ffi
ci

en
ci

es
 is

 4
0.

 Th
e 

re
su

lts
 in

 th
is

 p
ap

er
 sh

ow
ed

 th
at

 th
e 

m
os

t e
ffi

ci
en

t 
ag

ri
cu

ltu
re

 in
 th

e 
an

al
ys

ed
 p

er
io

d 
w

as
 id

en
tifi

ed
 fo

r t
he

 E
U

15
.

Le
 e

t a
l. 

(2
01

9)
20

02
–2

01
0

9 
Ea

st
 A

si
an

 
co

un
tr

ie
s

in
pu

ts
: l

ab
ou

r, 
ca

pi
ta

l s
to

ck
, a

gr
ic

ul
tu

ra
l l

an
d,

 
fe

rt
ili

ze
r a

pp
lic

at
io

n
ou

tp
ut

s: 
de

si
ra

bl
e 

ou
tp

ut
 (t

ot
al

 v
al

ue
 o

f a
gr

ic
ul

-
tu

ra
l p

ro
du

ct
io

n)
, u

nd
es

ir
ab

le
 o

ut
pu

t (
ag

ri
cu

l-
tu

ra
l e

m
is

si
on

s)

T
he

 re
su

lts
 o

f e
ff

ic
ie

nc
y 

ev
al

ua
tio

ns
 s

ho
w

ed
 c

on
si

de
ra

bl
e 

di
ffe

re
nc

e 
in

 e
ff

ic
ie

nc
y 

sc
or

es
 a

m
on

g 
th

e 
ni

ne
 s

tu
di

ed
 c

ou
nt

ri
es

 a
nd

 a
 d

ec
lin

e 
in

 to
ta

l f
ac

to
r 

pr
od

uc
tiv

-
ity

 d
ue

 to
 d

ec
re

as
es

 in
 te

ch
ni

ca
l e

ff
ic

ie
nc

y.

So
ur

ce
: A

ut
ho

rs



68

Original Paper	 Agricultural Economics – Czech, 66, 2020 (2): 65–73

https://doi.org/10.17221/224/2019-AGRICECON

ing model (Banker et al. 1984) of linear programming 
for each DMU (country) separately for each year:
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	 (1)

where: n – number of DMUs; DMUo – country being 
evaluated.

Table 2. Descriptive statistics

Labour 
(number of people)

Land 
(thousands ha)

Capital 
(millions USD)

Value of agricultural production 
(1 000 International Dollars I$)

Western Balkan

2016

Max 590 423.25 3 440.00 396 626 534.00 3 662 358 587 322.00
Min 18 936.14 255.00 12 762 472.00 96 008 382 476.00
Std. dev. 245 595.99 1 207.07 162 624 218.10 1 348 362 443 611.34
Average 316 078.60 1 670.14 139 818 376.20 1 405 312 912 351.00

2006

Max 676 601.82 3 537.00 259 791 965.00 3 718 996 156 211.00
Min 20 867.06 515.00 12 527 092.00 151 798 685 849.00
Std. dev. 290 335.57 1 178.12 114 100 800.01 1 400 941 809 745.17
Average 381 317.01 1 711.00 103 907 144.80 1 274 393 375 918.60

EU15 

2016

Max 993 689.02 28 718.02 5 732 922 525.00 36 657 009 933 319.00
Min 2 893.14 130.52 280 939 148.00 198 729 518 064.00
Std. dev. 345 701.41 9 396.40 1 722 420 605.53 11 935 152 500 252.90
Average 374 754.38 8 650.79 2 104 786 334.53 10 820 324 663 775.80

2006

Max 1 085 927.21 29 312.70 6 211 743 925.00 36 916 759 235 715.00
Min 3 896.60 129.00 201 392 393.00 182 340 036 716.00
Std. dev. 405 394.32 9 855.43 1 697 045 145.25 11 869 114 753 453.90
Average 455 507.24 9 149.27 2 046 641 410.13 10 907 692 439 835.30

New member states

2016

Max 2 065 258.32 14 374.00 4 215 563 729.00 19 309 020 072 226.00
Min 2 870.75 10.38 13 826 896.00 64 265 969 856.00
Std. dev. 723 102.44 4 881.44 1 166 140 121.45 5 588 095 428 303.58
Average 386 323.34 4 183.51 797 880 817.33 3 888 476 004 717.17

2006

Max 2 979 468.96 15 957.00 3 626 949 962.00 16 481 825 642 518.00
Min 3 316.86 9.20 56 217.00 80 009 615 181.00
Std. dev. 1 033 007.94 5 300.28 990 627 345.43 4 758 344 078 664.05
Average 540 669.82 4 449.12 680 978 262.58 3 425 403 002 852.00

Western Balkan – Serbia, Montenegro, North Macedonia, Albania and Bosnia and Herzegovina; New member states 
– Bulgaria, Cyprus, Czechia, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia and Slovenia
Source: Author’s calculations

ing the  first letters of  the authors’ names. The  as-
sumption of constant return to scale can be accepted 
only if the  Decision Making Units (DMUs) operate 
under the  condition of  their optimal size (Kocisova 
2015). Since this is not the case in our study, we used 
the BCC model (Banker et al. 1984) instead, which al-
lows the variable return to scale. In our study, we ap-
plied the  input-oriented BCC model to  calculate and 
compare the relative technical efficiency of agriculture 
in  the Western Balkan countries with that of  the EU. 
The input-oriented DEA model attempts to determine 
the maximum possible proportional reduction in usage 
of inputs while keeping the levels of achieved outputs 
constant. The DEA is carried out by solving the follow-
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Assume that  we have  s output variables and  m in-
put variables. Observed output and input values are yr 
and xi respectively, thus yro is the amount of output r 
used by DMUo, while xio is the amount of input i used 
by  DMUo. rs

  and is
 are the  output and input slacks. 

λ is the DMU’s weight and ε is a non-Archimedean el-
ement smaller than any positive real number. The ef-
ficiency score is θ.

As previously mentioned in the literature review, au-
thors have used different variables for inputs and out-
puts to analyse technical efficiency in the agricultural 
sector. Most authors used labour, land, and capital 
as aggregate input variables, and they used agricultural 
production (crop and livestock production) as output 
variables. Our study assessed the change in  technical 
efficiency in agriculture for five Western Balkan coun-
tries and the EU countries for the period 2006–2016. 
It is important to note that Croatia was omitted from 
the DEA model due to a lack of data on capital stock. 
Kosovo, which has  a special UN status as  a UN pro-
tectorate, was  also excluded from our analysis due 
to a  lack of data available in  the FAOSTAT database, 
which is a particular problem for researchers and poli-
cymakers (Osmani et al. 2013). Therefore, three inputs 
were used in the DEA model:
–	labour input was measured by the number of people 

working in agriculture, and data were retrieved from 
The World Bank database (The World Bank 2019); 

–	land input was measured by the number of hectares 
of agricultural land expressed in thousands of hect-
ares, and data were retrieved from the FAOSTAT da-
tabase (FAOSTAT 2019); 

–	capital input was  measured by  capital stock in  ag-
riculture as  the value of  gross fixed capital forma-
tion of  agriculture, forestry, and fishing, expressed 
in  millions of  USD  (current prices), and data were 
retrieved from the  FAOSTAT database (FAOSTAT 
2019). Capital stock includes a country’s physical in-
vestment in its agriculture (Le et al. 2019).
The output of  agricultural production was  selected 

as the only output variable in the DEA model. Agricul-
tural production was measured as the total value of ag-
ricultural production (net production value in constant 
2004–2006 in 1 000 International Dollars I$). The data 
was  retrieved from the  FAOSTAT database (2019). 
The  descriptive statistics for  these variables are pre-
sented in Table 2.

RESULTS AND DISCUSSION

In all countries of  the Western Balkan, agriculture 
is  of  substantially greater economic importance than 
it is in the EU, and agriculture is also an important fac-
tor in  maintaining social equilibrium as  it employs a 
large portion of the rural population (Volk et al. 2014). 
Moreover, in all Western Balkan countries, agriculture 
is still very important to the overall economy: about 23% 
of the population works in this sector, agriculture con-
tributes about 11% in total GDP, and agri-food products 
comprise approximately 13% of total exports (Figure 1). 

Partial productivities in agriculture are significantly 
worse in Western Balkan countries than in the EU (Fig-
ure  2). This discrepancy is particularly evident in  la-
bour productivity, where the  gap between the  coun-
tries of  the Western Balkan and the  EU is 1  :  4.7. 
The gap in  land productivity is less evident at 1  : 1.5, 
although some countries (e.g. Montenegro and B&H) 
have very low efficiency in total agricultural land use, 
which is a consequence of  the structure of  the land 
itself.1 The  reasons for  weak performances vary, and 
they are difficult to resolve in the short term without 
substantial changes. There are significant challenges 
due to a low level of knowledge and education among 
farmers, weak extension services, and deficient rural 
financial services help introduce modern production 
methods or invest in new technologies (Erjavec et al. 
2014). Even though Kosovo was  not included in  this 
analysis, the agricultural situation there is not favour-
able either. According to Latruffe and Desjeux (2014), 
one of the reasons for this is stagnation due to the ma-
jority of farms being used for individual consumption 
rather than for the open market.

The results obtained from the  BCC input-oriented 
DEA model are shown in Figure 3 and Table S1 [Ta-
ble  S1 in  electronic supplementary material (ESM); 
for  the  supplementary material see the  electronic 
version]. The  highest average technical efficiency 
was achieved in the EU15 countries for the entire ten-
year period, and this finding is consistent with similar 
previous research (Kocisova 2015; Nowak et al. 2015). 
The values of the average efficiency score lie between 
0.65 (achieved in  2009) and 0.75 (achieved in  2011). 
The  countries that  joined the  EU after the  EU15 
was  formed were grouped as  the “new” EU member 
states. The  minimum average efficiency score of  0.38 

1These two countries, where the land productivity is lowest, have a relatively high share of pastureland as part of to-
tal agricultural land. These areas  are not used intensively for  agricultural production and contribute significantly 
to the lower level of land productivity.

https://www.agriculturejournals.cz/publicFiles/317224.pdf
https://www.agriculturejournals.cz/publicFiles/317224.pdf
https://www.agriculturejournals.cz/publicFiles/317224.pdf
https://www.agriculturejournals.cz/publicFiles/317224.pdf
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was  obtained in  2012 for  the “new” states, while 
the  maximum score of  0.56 was  obtained in  2016. 
The Western Balkan countries are characterised by the 
lowest average efficiency scores, which were between 
0.32 (in 2008 and 2015) and 0.56 (in 2010). The differ-
ence between the average efficiency score in the “new” 
EU member states and Western Balkan countries is not 
large, but both groups of countries are behind the EU15 
(Figure 3). The countries with the consistently highest 
relative technical efficiency score in this 10-year period 
are Belgium, France, Germany, Italy, and the Nether-
lands [Table S1; Table S1 in electronic supplementary 

material (ESM); for  the supplementary material see 
the electronic version].

The important advantage of  the DEA technique 
is that it can be used to identify the source of inefficien-
cy and indicate necessary improvements in how inputs 
and/or outputs are utilized. The  projections of  input 
and output variables for 2016 are presented in Table S2 
[Table S2 in electronic supplementary material (ESM); 
for the supplementary material see the electronic ver-
sion]. These projections are in fact guidelines for deci-
sion-makers on how to improve the efficiency of the ag-
ricultural sector. This means the results of the research 
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Figure 2. Partial productivities of agriculture (average 2005–2016)

Source: Authors’ calculations based on FAOSTAT (2019) and The World Bank (2019)
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presented here can be used in making effective politi-
cal decisions concerning agricultural policy, which can 
be useful in  defining agricultural support measures 
that  will contribute to  increasing efficiency when us-
ing certain inputs. In other words, guidance has been 
provided to formulate such a model of support for ag-
riculture that would focus on reducing the gap in the 
technical inefficiency in agriculture between the West-
ern Balkan countries and the EU countries, which will 
only be possible if inefficiently used inputs are iden-
tified. This should be the  starting point for  formulat-
ing agricultural policy mechanisms that would reduce 
or completely neutralize the  relatively inefficient use 
of production factors.

The high level of technical efficiency in the “old” EU 
member states stems from a generally high level of eco-
nomic development and from the  EU model of  agri-
cultural policy. Specifically, in  its first three decades, 
the Common Agricultural Policy (CAP) was predomi-
nantly oriented towards production coupled methods 
to  support agricultural production. The  results were 
significant capital investments and accelerated inten-
sification in agricultural production, which is evident 
from the  level of  partial productivity in  agriculture 
in the EU (Figure 2).

The lower level of partial agricultural productivity 
in  the Western Balkan countries (Figure 2) basically 
shows lower efficiency in the use of the primary pro-
duction factors (labour and land), resulting in the in-
efficient use of total inputs. The reasons for the lower 
level of  partial productivity, and thus inefficient ag-
ricultural production, should be sought in the struc-
ture of agricultural production, which is relatively ex-
tensive in the countries of the Western Balkan where 

there is a predominance of  plant production (most 
often dry land farming) and long-term stagnation 
in livestock production. Also, the structural problem 
creates a fragmentation of  farms with widespread 
small, semi-natural households with low level capital 
investments. Typical for all countries of the Western 
Balkan is the  very small average size of  agricultural 
holdings: the  average for  the Western Balkan coun-
tries is 2.51 ha/agricultural holding (Lovre 2016). This 
ownership structure significantly limits the penetra-
tion of capital into the agricultural sector and slows 
down the  processes of  agricultural modernisation 
that transform this economic sector from labour-in-
tensive to  capital-intensive. Such farms have hidden 
unemployment, i.e.  inefficient use of  labour inputs, 
which is particularly evident in  Albania but is also 
present in other Western Balkan countries. Although 
the  land is used more efficiently, a large number 
of commercially oriented farms are focused on plant 
production, so the lack of livestock unit per ha of ag-
ricultural land significantly limits efficient land use.

CONCLUSION

The main goals of this paper were to compare the rela-
tive technical efficiency of  agriculture in  the Western 
Balkan countries to the EU and to propose ways to im-
prove these countries’ position. An input-oriented DEA 
model with variable return to scale was applied in which 
input variables in the model included labour, land, and 
capital, while output was represented by the value of ag-
ricultural production. The  linear programming model 
[Equation (1)] was solved for 5 Western Balkan countries 
and 27 EU countries for each year from 2006 to 2016. 

Figure 3. Average efficiency scores

Source: Authors’ calculations

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Effi
ci

en
cy

 sc
or

e

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Western Balkan EU15 New EU member states



72

Original Paper	 Agricultural Economics – Czech, 66, 2020 (2): 65–73

https://doi.org/10.17221/224/2019-AGRICECON

The results clearly show the average relative technical 
efficiency of agriculture in the Western Balkan countries 
is noticeably worse than in the EU countries. This study 
also discovered the  sources of  this inefficiency in  ag-
riculture in  the countries that were studied. The main 
problem of agricultural inefficiency in the Western Bal-
kan countries stems from poor results in labour produc-
tivity. This is a consequence of agriculture’s unfavourable 
resource structure, which is mostly due to  fragmented 
ownership and the  slow development of  the non-agri-
cultural sector that does not have the capacity to accept 
a surplus of labour from agriculture. 

Research into the technical efficiency of agriculture, 
the main objective of this paper, identifies sources of in-
efficiency, and the  purpose was  to identify potentials 
for  improving the  efficiency of  agricultural produc-
tion in the Western Balkan countries. In this context, 
the implications of this paper are reflected in the com-
petent indicators of the position of agriculture in these 
countries in  comparison to  the EU. These contribute 
to a better understanding of the agricultural situation 
in  the Western Balkan countries, which could be im-
portant during pre-accession negotiations with the EU. 
More specifically, the results of this paper can be used 
by policymakers to  identify which factors improve or 
degrade the efficiency of agriculture. Also, agricultural 
producers can benefit from this research, as their deci-
sions about how to utilize inputs and outputs are vital 
for agricultural efficiency. The novelty of this research 
is an in-depth analysis of the technical efficiency of ag-
riculture in the Western Balkan countries, which is ex-
plained over time in the context of the EU integration 
process. As  this paper identified the  factors affecting 
technical efficiency, the  focus of  our future research 
will be advanced econometric modelling of the impact 
of these factors. 

This paper, however, does have some limitations. 
Data from the  FADN database were inaccessible and 
therefore could not be used, and Croatia and Kosovo 
were not included in the analysis due to a lack of data 
in the FAOSTAT database. Furthermore, the most sig-
nificant qualitative limitation of this research is the ab-
sence of proposed agricultural policy measures, which 
would have improved the  research conducted in  this 
paper. This should be the subject of future studies.
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