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Regional Technical Efficiency Differentials in the
Turkish Agriculture: A Note

NAZMI DEMIR AND SYED MAHMUD*
Department of Economics, Bilkent University
Ankara, Turkey

ABSTRACT

A panel data, (67 provinces and the years 1993-1995) of the Turkish agriculture, was
employed to estimate technical efficiencies for six agricultural regions and 67
provinces using maximum likelihood techniques (ML). Stochastic frontier based on
Cobb-Douglas production function with agricultural value added as the endogenous
variable and land, labour and capital as the exogenous variables was estimated.
Index of capital stocks was obtained by principal component technique. The results
show that differences in technical efficiencies by regions and provinces are signifi-
cant. Furthermore, it has been shown that some of these differences can be explained
by location specific factors such as amount of precipitation, market accessibility and
population density.

JEL: R10, Q16

1.INTRODUCTION

One of the important policy goals of agro-based developing countries is to reach self-
sufficiency in agriculture production, particularly in food supplies. Conventional government
support programs normally include subsidies for yield increasing inputs (fertilizers,
pesticides and seeds), investment on infrastructure and price controls. In some cases
governments are also responsible in providing extension services to the farmers. These
policies inevitably involve allocation of scarce resources to different regions (provinces,
states). Estimation of technical efficiencies for the agriculture sector can be used as one
of the tools in allocating resources in order to maximize output gains. However, application
of standard techniques to measure technical efficiencies of the agriculture sector warrants
extra consideration. Unlike the industrial sector, estimates of technical inefficiencies, in the

The authors are grateful to an anonymous referee for the insightful comments.
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198 Nazmi DEmir AND SYED MAHMAD

agriculture sector, can be affected by location specific factors. For example, climatic
conditions, land topography and soil conditions are some of the location specific factors.
The objectives of this paper are to measure technical inefficiencies, for the Turkish
agricultural sector, using TE-effect model to illustrate that measures of inefficiency scores
can be partially explained by location specific factors. In addition tc a national frontier,
regional frontier functions are also estimated. Each region is expected to be more
homogeneous with respect to local specific factors. Therefore inefficiency scores of the
provinces based on regional frontiers rather than national frontier may provide additional
information for policy purposes.

The rest of the paper is organized as follows: The next section presents a brief review
of the relevant literature and the underlying theory of stochastic production function
approach. In section 3 we discuss the data used in this study. In section 4 empirical
results are followed by conclusions.

2. TECHNICAL EFFICIENCY

A parametric approach to measure technical efficiency using specific functional form
had been first introduced by Aigner and Chu [1968], employing a Cobb-douglas production
frontier. They applied linear quadratic programming algorithms to estimate the model. One
of the problems with their approach was that the estimates produced with the method did
not have any statistical properties. Aigner, Lovell & Schmidt [1977] and Meeusen & Broeck
[1977] proposed a stochastic frontier model in which the error term had been decomposed
into two parts, one capturing the random effects and the other was assumed to be a non-
negative half normally distributed error term capturing the technical efficiency. Both
Corrected Ordinary Least Square (COLS) or Maximum Likelihood Estimation (MLE) were
proposed to estimate the model. Later Battese & Coelli [1988] and Kumbhakar [1990]
extended the estimation methodology to measure efficiency over time.’

The random error term in the Aigner et al and Meeusen et al stochastic production
function has not only been interpreted as to account for measurement errors in production
and factors which are not under the control of the firms in the production process. Several
applications of these models, generally referred as TE effect models, have been made
recently. For example Battese, George, Sohail, Gill and Manzoor [1996] have proposed a
new single stage model for estimating technical inefficiencies of production in stochastic
frontier production function using TE effect model employing panel data on wheat farmer
in Pakistan. Ngwenya, Battese & Fleming [1997] have estimated stochastic frontier
production functions in which the technical inefficiency effects are modeled in terms of
size of the farming operations and other explanatory variables. In this paper we estimate
TE effect frontier agricultural function for the Turkish national economy as well as for the
six regions. It has been assumed that the frontier production function for the Turkish
agriculture can be represented by:

VA =flA, L, K;p)et ji=1... n, [1]

1. Forsunrd and Hajalmarsson [1979], Ivaldi, Perrigne and Simioni [1994] and Dong and
Putterman [1997] are some of the examples of applications of this model to the agriculture sector.
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Regional Technical Efficiency Differentials in the Turkish Agriculture 199

where VA is the agricultural income (value-added at 1987 prices), A is the agriculture land,
L is the agriculture labor and K is the agricultural capital stocks. The parameters g are
to be estimated.? The random error v, is assumed to be symmetrically distributed and
represents random effects. U/'s are non-negative random variables, associated with
technical inefficiency of production. These are assumed to be independently distributed
and are truncated (at zero) of the normal distribution with variance, o2, and mean x, where
mean is defined by:

where Z are some of the factors that may affect technical inefficiencies including location
specific variables (Coelli [1993]).

A simplified measure of technical efficiency (TE) for the province ith is the ratio of the
.observed output of province ith (VA,) to the corresponding frontier output (VAFI.) :

TE = VA | VA = {fA,, L, K B) e/ fA. L K, pBe 2]

It has also been assumed that the production technology can be represented by a
Cobb-Douglas Production Function. Parameters of the frontier functions at the national and
regional levels were estimated using maximum likelihood (ML) methods. The ML estima-
tors were derived from the computer program FRONTIER Version 4.1 (Coelli, 1994).3

3. DATA

A summary of data, as averages of 1993/1995, on variables included in the stochastic
frontier function is presented in Table 1. For the country, the agricultural land averaged 339
thousand hectares per province with a wide spread indicated by a standard deviation,
which is almost equal to the mean. Among the regions, the Black Sea coast had the
smallest area while the Marmara had the largest area of land per province.

The most reliable first hand statistics on agricultural labour by provinces come from
the agricultural censuses that are repeated at long intervals (SIS [1992]). Due to the lack
of data for the years under study (1993/1995), estimates of labour for provinces are based
on the assumption that the number of people actively engaged in agriculture had the same
proportions as indicated in the latest Census in 1991. The agricultural labour averaged 342
thousand persons per province for the country (Table 1). The least and the most crowded
regions were the East and the Mediterranean respectively.

As for the capital, ideally services of capital goods used for production should have

been used in the frontier function. Unfortunately, due to the lack of availability of data on
capital services we have resorted to taking agricultural capital as a linear combination,

2. Q- M = VA where Q is gross value of output and M, is the value of all intermediate
inputs. Therefore Q. = M, + f(A,, L, K;). We assume that the marginal product of intermediate
inputs is 5Q./ oM, = 1. If intermediage inputs contribute to output by more than ‘I marginally, then
omitting M, may be harmful. This may be the case if intermediate inputs are used more or less
efficiently, bringing about a net contribution below or above the unity.

3.  We are grateful to Tim Coelli for his KInd assistance in facilitating the use of his program.

This content downloaded from 139.179.72.218 on Mon, 04 Feb 2019 08:06:04 UTC
All use subject to https://about.jstor.org/terms



200 Nazmi DEmiR AND SYED MAHMAD
TaBLE 1
SUMMARY OF DATA ON VARIABLES IN THE STOCHASTIC FRONTIER
FUNCTION FOR THE TURKISH AGRICULTURE (1993-95).
Value- Land Labor Capital? Market Population
National Added Orientation Density
Billion TL 1000 1000 Index Percentage  Pop./Ha.
1987 Prices Hectors Number Number %
Mean 139 339 342 100 1.43 1.78
std. 179 330 179 59 1.21 2.22
Minimum 16 23 67 7 0.01 0.08
Maximum 937 2244 950 271 5.75 18.29
Regional Mean (Standard Deviation)
Black Sea 139 (92) 172 (112) 381 (193) 132 (65) 1.46 (1.59) 1.75 (1.88)
Eastern 72 (39) 264 (264) 236 (118) 51 (38) 159 (1.47)  1.88 (1.63)
Mediterr. 473 (208) 338 (160) 500 (150) 162 (56) 1.65 (1.38)  1.09 (0.80)
Marmara 203 (142) 458 (603) 399 (215) 106 (48) 1.39 (1.08) 1.96 (3.27)
Plateau 200 (162) 392 (294) 312 (167) 89 (43) 1.21 (1.05)  1.85 (2.42)
South-East 224 (101) 430 (242) 314 (133) 73 (36) 1.46 (1.31) 217 (2.23)

Source: State Insitute. of Statistics, Ministry of Agriculture and Rural Affairs, Water Works Department,
Farmers’ Union, and Agrarian Reform Organization. a/ Capital is a principal component linear combina-
tion index of the numbers of tractors, high yielding animals and the areas of modern orchards.

using principal component approach, of tractors, modern orchards, and high yielding stocks
of animals. Other capital items, such as combines, drill machines, greenhouses were
omitted because the inclusion of them did not contribute to the model significantly. While
the mean agricultural capital stock index was 100 for the country, the East had an index
equal to half of the country’s average and the Mediterranean averaged sixty five percent
more than the national average. The agricultural value added figures include incomes from
crops and livestock as recorded in the national income tables (SIS [1997]). The bulk of
income comes from cereals, pulses, oil crops, sugar beets, cotton, tobacco, hazelnuts,
and livestock products such as beef, mutton, milk, poultry meat and eggs. The value
added per province was 139 billion TL in 1987 prices. The spread among regions in terms
of the agricultural value added is considerably wide. The provincial value added in the East
was only half of the national average while that in the Mediterranean region was 3.4 times
as much.

3. DISCUSSION OF RESULTS

The discussion in this section is divided into two parts. First, we discuss the results
from MLE of the national and the regional frontiers. Second, we discuss the contributions
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Regional Technical Efficiency Differentials in the Turkish Agriculture 201
of some of the factors that may explain the differences in technical efficiencies.
3.1 National and Regional Frontiers

The results from ML of the national frontier production function are summarized in
Table 2. All the signs and magnitudes of the coefficients are as expected. Using
loglikelihood ratio test (LR) we were able to reject the restrictions imposed on the likelihood
function, such as n = 0 (time-invariant model), » = 0 (zero variance of the half normal
error distribution) and u = 0 (zero mean of the half normal distribution). The estimates of
the parameters are significant, except for land, at ¢ = 0.05. The sum of three estimated
output elasticities is equal to 0.96. The results from MLE of the individual elasticities

TaBLE 2

STOCHASTIC FRONTIER PRODUCTION FUNCTION FOR THE TURKISH AGRICULTURE.

X-Variables Estimated Coefficients'

Constant 4.398 (6.24)

Land (A) 0.097 (1.73)

Labour (L) 0.389 (5.16)

Capital (K) 0.471 (7.67)

Z-variables

Constant : 1.105 (9.52)

Dummy for Mediterranea® -0.998 (-2.46)

“ “ Plateau -0.317 (-3.67)

“ “ Black Sea coast 0.132 (1.15)

“ % South-east -0.537 (-4.16)

“ “ Marmara -0.204 (-1.80)

Precipitation -0.264 (-3.31)

Market Orientation -0.115 (-2.97)

Population Density : 0.049 (3.76)
Adj-R?=0.729
F=180.0 df=3,197
y=0.58 (4.68)

0 2=0.096 (8.31)
Liklhd. Fn.= -38.1
LR test: =147.1

1. Estimates for ML were obtained with the ‘TE Effect
Model’. 2. the region ‘East’ is the base for dummies.
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202 Nazmi DEMIR AND SyeD MAHMAD

suggest that a one percent increase in agricultural land, ceteris paribus, is expected to
contribute roughly ten percent to the agricultural value added. Similarly, a one percent
increase in labor and capital factors, ceteris paribus, contribute 39 and 47 percent
respectively to the agricultural VA4

Table 4 shows the provincial TE scores based on the national frontier. The mean TE
for the agricultural sector based on the national frontier production is 55 percent. On the
average, provinces were below the best practice (frontier) provinces by 45 percent. The TE
vary notably from province to province and also within the same regions. The range in TE’s
at the national levels is 0.25 and 0.97. The most efficient of the three provinces were
Manisa, Adana and Izmir in the Mediterranean, with TE’s ranging between 0.93 and 0.95.
Whereas, the least efficient ones were Sinop, Trabzon and Zonguldak in the Black sea
coast region, with TE’s ranging between 0.26 and 0.29. Thirty out of sixty seven provinces
were below 50 percent efficiency level.

The results of production functions for six agricultural regions of Turkey are presented
in Table 3. All the coefficients carried the expected positive sign. Twelve of the eighteen
coefficients are found to be statistically different from zero at. Agricultural land significantly
contributes to value added in the Mediterranean, Eastern, South Eastern and the Marmara
regions. Agriculture capital is highly significant in all the regions.

TaBLE 3

REGIONAL FRONTIER FUNCTIONS FOR THE TURKISH AGRICULTURE.

Mediterranean Eastern South-East Plateau Black Sea Marmara
Intercept -1.674 (-0.81) 3.831(3.87) 4.545 (2.75) 4782 (4.79) 3.903 (1.65) 4.348 (3.19)
Land 0.382 (1.51)  0.135(1.25) 0.022 (0.37) 0.047 (0.06) 0.163 (1.42) -0.09 (-0.56)
Labour 0.587 (2.89) 0.404(3.21) 0.466 (2.07) 0.162 (0.22) 0.176 (0.59) 0.472 (2.40)
Capital 0.493 (2.53) 0.296(2.73) 0.388 (2.41) 1.131 (1.31) 0.868 (2.67) 0.819 (2.14)
Sigma-sq. 0.026 0.089 0.28 0.13 0.147 0.19
Gamma 0.707 0.89 0.93 0.95 0.902 0.90
Mu 0.273 0.40 -1.03 0.004 0.31 0.82
Eta 0.171 0.10 -0.32 0.006 0.16 0.04
LR test 16.63 32.32 4.33 73.6 34.3 32.8

4. The elasticites may be viewed as factor shares under the assumption of perfectly
competitive structures and with constant returns to scale. Interpreted in this way, the shares of
labor and capital in the Turkish agriculture VA are roughly 40 and 47 percent respectively.
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TaBLE 4

TE INDICES BY PROVINCES OF TURKISH AGRICULTURE 1993-1995 AVERAGES.

ADANA M 0.947 IZMIR M 0.929
ADIYAMAN SE 0.654 KARS E 0.296
AFYON P 0.557 KASTAMONU B 0.328
AGRI E 0.269 KAYSERI P 0.410
AMASYA P 0.533 KIRKLARELI MA 0.477
ANKARA P 0.708 KIRSEHIR P 0.452
ANTALYA M 0.886 KAMARAS p 0.606
ARTVIN B 0.379 KOCAELI MA 0.439
AYDIN M 0.875 KONYA P 0.725
BALIKESIR MA 0.630 KUTAHYA P 0.385
BILECIK MA 0.523 MALATYA E 0.457
BINGOL E 0.312 MANISA M 0.952
BITLIS E 0.531 MARDIN SE 0.760
BOLU B 0.557 MUGLA M 0.851
BURDUR M 0.544 MUS E 0.452
BURSA MA 0.864 NEVSEHIR P 0.741
CANAKKALE MA 0.593 NIGDE P 0.683
CANKIRI P 0.411 ORDU B 0.350
CORUM P 0.504 RIZE B 0.410
DENIZLI P 0.745 SAKARYA MA 0.502
DIYARBAKIR SE 0.767 SAMSUN B 0.509
EDIRNE MA 0.489 SIIRT SE 0.814
ELAZIG E 0.320 SINOP B 0.262
ERZINCAN E 0.341 SIVAS P 0.375
ERZURUM E 0.297 SURFA SE 0.785
ESKISEHIR P 0.576 TEKIRDAG MA 0.538
GAZIANTEP SE 0.680 TOKAT P 0.511
GIRESUN B 0.342 TRABZON B 0.283
GUMUSHANE B 0.300 TUNCELI E 0.474
HAKKARI E 0.327 USAK P 0.524
HATAY M 0.918 VAN E 0.302
ICEL M 0.890 YOZAT P 0.525
ISPARTA P 0.479 ZONGULDAK B 0.290
ISTANBUL MA 0.370

Source: TE are based on the national frontier production function. M=Mediterranean;
E=East; SE=South East; MA=marmara; B=Black Sea Region and P=Plateau.
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204 Nazmi DEmir AND SYED MAHMAD

An additional set of indicators is obtained from the regional frontiers. These are the
intra-regional technical efficiency scores, which are presented in Table 5. We also
calculated the average regional efficiency scores from the estimated parameters of the
national frontier. These have also been reported in Table 5. It seems that the regional TE
scores based on the national frontier are noticeably different than those based on the intra-
regional frontiers. The magnitudes of the scores are elevated in general when the regional
frontiers are taken as the bases. Furthermore, the intra-regional variances in the TE’s are
significantly lower when compared with the variances of the national TE. These results do
suggest that there is more homogeneity within the regions in terms of infra structural and
environmental conditions.

The comparison at the national level shows that the Mediterranean region ranks first
and South-Eastern region is second. The result for the Mediterranean region was expected.
The region is known for using most advanced technology and produces high value crops
year round. On the other hand South-Eastern region’s ranking was a surprise, it is generally
considered as a backward region in terms of production technology and incomes. One
explanation is that incomes from this region is normally derived from livestock. And
livestock are generally grazed on large open grasslands, thereby increasing livestock value
added at no extra factor costs. The data on these free grass lands were not available and
as a result the total factor input used for this region might have been underestimated. This
view is supported by a negative and significarit correlation coefficient (-0.70) between
percentage of agricultural lands of the total surface area in the province and their TE
scores for the South-Eastern provinces. Even if the data were available on these iands,
it is not obvious that one should include them as factor inputs. The least efficient regions
appear to be the Black Sea region and the East.

3.2 Factors Explaining Differences in the Provincial TEs

It is already observed that there are wide differences in TE among provinces and
regions. Some of these differences may be explained by qualitative factors e.g. working
behavior of the rural people and suitable environmental conditions, which are location

TaBLE 5

Regional Technical Efficiencies (Averages)

Regions TE’s TE’s
Regional Frontiers National Frontiers

Mediterranean 0.724 0.866 (1)
Eastern 0.641 0.367 (5)
South Eastern 0.878 0.743 (2)
Plateau 0.691 0.550 (3)
Black Sea 0.632 0.365 (6)
Marmara 0.445 0.539 (4)

Numbers in parenthesis show ranking
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specific. However, most of these qualitative factors are not measurable or even if
measurable they are likely to be subjective. Fortunately, we had access to a set of data
in which some of the variables can be used as explanatory variables in an effort to explain
these differences. We postulated that, for each province, variables like ‘the degree of
market orientation’, ‘population density’, ‘dryness or wetness’ and ‘regional dummies’ may
explain some of the differences in provincial TE. The provinces that can generate more
surplus agriculture produce and therefore are more market oriented should be more efficient
than the others. Percentages of total agricultural production marketed by provinces were
available from the SIS and they were employed as a proxy variable for market orientation.
Higher population density is expected to adversely affect TE as inefficient use of labor is
expected and it may also put more pressure on the land in use. Arid provinces are less
likely to be moire efficient than those with wet seasons. A dummy was introduced to
differentiate provinces in terms of the amount of precipitation above or below the national
average. Finally, five regional dummies, taking the East (the sixth region) as the base were
introduced. The results from the TE effects model are reported in Table 2.5 All the
explanatory variables except the dummy for the Black Sea region are significant and carry
the expected sign. A precipitation level above the national average adds about 0.26, on
the average, to the TE scores. The results con regional dummies suggest that efficiency
differentials are statistically significant. For every percentage point of market orientation
technical efficiency is increased by 12 per cent. And finally more densely populated
regions are less efficient.

4.CONCLUSION

A large set of cross sectional data, spanning a three year period for sixty seven
provinces of Turkey, was employed to estimate technical efficiencies (TE) for the
provinces and six regions. Since regions differ with respect to climatic conditions, structure
of land and differences in cropping patterns, we also estimated technical efficiencies at the
regional level. We argue that regional technical efficiencies based on intra-region frontiers
are more realistic than those based on a single national agricultural output function. The
main findings on the performance of Turkish agriculture in the period 1993-1995 are as
follows. First, the mean technical efficiency for the national agriculture was 55% but the
differences in the regional technical efficiencies were substantial. The maximum mean
efficiency appears to be 87% for the Mediterranean region, and the minimum mean
efficiency was 37% for the Black Sea region. Variance among the provincial TE was even
more pronounced. The province Manisa in the Mediterranean had the maximum TE of 95%
and Sinop in the Black Sea region the minimum TE of 26%. Second, the differences in
the provinical TE were satisfactorily explained by ‘the regional dummies’, precipitation’,
‘market orientation’ and ‘population density’. One important conclusion is that the sectors
where location specific environmental factors are different from each other, TE scores
based on regional rather than national frontiers are more meaningful.

5. We have also estimated another model in which the regional dummies were treated as
explanatory variables (i.e. as x-variables instead of z-variables). However, the results are fairly
the same when compared to the ones reported in Table 2.
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