
1. Introduction
Located on the land

bridge between Europe
and Asia, Turkey’s distinc-
tive climatic and geo-
graphical conditions have
created a diversified envi-
ronment for agricultural
activities across the coun-
try. Agricultural produc-
tion ranges from capital-
intensive cultivation of
high value crops in the
western and southern re-
gions to heavily subsidized
and protected cereal and
livestock production in the
northern and north-eastern
regions (Aerni, 2007).
Given the diversity of agri-
cultural activities, re-
searchers have examined
the relationships between
agricultural production
and input factors from re-
gional and local perspec-
tives. Some studies evalu-
ated the factors affecting
the production of specific
crops in a region, for ex-
ample, wheat in the South-
eastern Anatolian Project region (Ozsbuncuoglu, 1998),
cotton in the Izmir province (Uzmay et al., 2009) or canola
in the Trakya region (Unakitan et al., 2010). In addition, re-
search determining technical efficiencies in regional agri-
cultural output has gradually increased (e.g. Demir and
Mahmud, 2002; Abay et al., 2004; Tipi and Rehber, 2006).

Research on energy use
efficiency in fruit and
vegetable production in
various regions has also
received recent attention
(e.g. Erdal et al., 2009;
Topak et al., 2009). 

The aforementioned
studies typically used mi-
cro-level data to evaluate
the impact of farm inputs
on output productivity for
commodity producers in a
given province or region
of Turkey. Also, spatial
relationships characteris-
ing agricultural output
and input use were not
considered in estimating
agricultural production al-
though ignoring spatial
interactions between
neighbouring provinces
or regions may result in
biased estimation. Agri-
cultural production in a
given province or county
can affect its neighbour-
ing provinces or counties
because of their similar
resources and human cap-
ital (Cho et al., 2007). Al-

so, spill-overs from public agricultural research and devel-
opment of public infrastructure may contribute agricultural
productivity in a proximate region (Alston et al., 2010,
Tong et al., 2013). Recently, Yu et al. (2014) have exam-
ined the implication of policy reform in 2001-2008 to agri-
cultural production in Turkey using a spatial Durbin model
that incorporates spatial autocorrelation among provinces.
Their findings suggest that changes in the output elasticities
of evaluated input factors in Turkey varied after the policy
reform.

Although spatial patterns or interaction in agricultural
production have been identified in Turkey, there is a lack of
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Abstract
Serving as a primary role in Turkey’s society and economy, the agricultural sector
presents a wide range of farming activities driven by distinctive climatic and geo-
graphical conditions. This study estimated a spatial agricultural production func-
tion using spatially-varying coefficient models to enhance our understanding about
the diverse relationship between agricultural output and input factors across Tur-
key. Findings suggest spatial variation in the impact of labor, tractor, and fertilizer
uses on agricultural output at the regional and provincial levels. The goodness of
fit of both spatial models outperformed an aspatial model estimated with OLS (Or-
dinary Least Squares). The comparative advantage of input factors in different
regions/provinces found in our study implies the importance of considering spatial
factors in policy mechanisms tailored to different regions given their topography
features, socioeconomic milieus, and resource endowments. 
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Résumé
En Turquie, le secteur agricole joue un rôle primordial au niveau de la société et de
l’économie. Il se caractérise par une gamme très variée d’activités liées aux condi-
tions géographiques et climatiques spécifiques du pays. Dans cette étude, nous
avons estimé une fonction spatiale de la production agricole à travers les modèles
de coefficients variables dans l’espace pour mieux comprendre la corrélation entre
les intrants et les extrants agricoles. Les résultats ont montré une variation dans
l’espace de l’impact de la main d’œuvre, des tracteurs et des engrais sur la pro-
duction agricole à l’échelle régionale et des provinces.  L’ajustement des deux mo-
dèles spatiaux a permis d’obtenir des résultats meilleurs par rapport au modèle non-
spatial estimé à l’aide des Moindres Carrés Ordinaires (MCO). L’avantage compa-
ratif des intrants dans les différentes régions/provinces retenues souligne l’impor-
tance d’intégrer les facteurs spatiaux dans les dispositifs de politique élaborés en
considérant les conditions topographiques, les facteurs socio-économiques et les
ressources des différentes régions.

Mots-clés: Turquie, production agricole, variation spatiale, régression pondérée
géographiquement



systematic assessment allowing spatial variation in the re-
lationship between agricultural output and input uses across
the country. The aspatial models or spatial autocorrelation
models (e.g. spatial Durbin model) typically assume that
the marginal responses to explanatory variables are fixed
over space, and estimate the regression coefficients for each
explanatory variable for the whole study area instead of
each spatial zone/region. This approach neglects spatial
heterogeneity in the marginal responses to explanatory vari-
ables and estimates the mean of the spatial phenomena in
the study area (Ali et al., 2007). Consequently, the approach
has limitations for capturing the local/regional characteris-
tics of agricultural activities given the wide diversity of
habitats in Turkey.

Acknowledging this, the present study complements to
the literature by taking spatial variation into account when
assessing output elasticities of input factors in the agricul-
tural sector of Turkey. The estimated output elasticities are
varied by region through a discrete spatial regime model. In
addition, a geographically weighted regression (GWR)
model was applied to further illustrate how much the rela-
tionship between agricultural output and evaluated input
factors may vary among provinces. In contrast to the na-
tional average agricultural output elasticities estimated in
Yu et al. (2014), the spatially-explicit coefficients can pro-
vide valuable insights into the relative importance of inputs
in different regions/provinces. The information of regional
disparities in the marginal responses to farm inputs across
the country can aid in the development of policy mecha-
nisms tailored to different regions given the comparative
advantage to certain physical landscape features, socioeco-
nomic milieus, and resource endowments.
2. Empirical Models

In this study, we applied a Cobb-Douglas production
function to represent Turkey’s gross revenue of agricultural
products (GRAP): 

where, for province i, yi represents output (GRAP); xik are
input factors of production (k = 1,…,3) including agricultu-
ral labor, tractors, and fertilizer; γ is total factor productivi-
ty; and βk is the contribution of each input k to output. Se-
lection of these input factors was based on previous litera-
ture analyzing agricultural production in Turkey and other
countries (e.g. Tipi and Rehber, 2006; Cho et al., 2007;
Lambert and Cho, 2008; Tipi et al., 2009; Yu et al., 2014)1. 

Under the assumption that production is stochastic, equa-
tion (1) can be rewritten as:

where εi is a random shock. By adopting a discrete spatial re-
gime model that allows the structural covariates to vary across
regions (Lambert et al., 2008; Lambert and McNamara, 2009;
McGranahan et al., 2010), equation (2) is modified as: 

where, for province i, zr,is a regional dummy, gr is a vector
of parameters for the regional dummy, and  brk is a vector
of parameters for the interactions between input factors and
the regional dummy. 

By taking the natural log on both sides of the equation (3),
the relationship between agricultural output and input uses
can be estimated as a linearized model. The log-log form of
discrete spatial regime model for a given year is:

Spatial heterogeneity, with respect to the output impact of
farm inputs across region, can be evaluated by testing the
joint hypothesis that all of the coefficients of the dummy
variable and interaction terms jointly equal zero; that is,
gr = 0 and brk = 0 for all r and k.

In addition to representing regional heterogeneity as a dis-
crete process, the method of GWR (Fotheringham et al.,
2003) was used to explore the spatial variability characteri-
zing Turkey’s input use and agricultural productivity. Spatial
heterogeneity at the provincial level under GWR, which is
smaller than the regional level, was evaluated by testing the
spatial variability of individual parameters generated by the
agricultural production function. The Cobb-Douglas produc-
tion function estimated using GWR modifies equation (2): 

where (ai, bi) denotes the location coordinates for the cen-
troid of province i, while bk (ai, bi) are localized parameters
for province i corresponding with input k. Linearizing equa-
tion (5) using logarithms:

Equation (6) was estimated using the GWR model follo-
wing the approach suggested by Fotheringham and Bruns-
don (1999). 
3. Methods and Data
3.1. Exploratory Spatial Data Analysis

To explore the spatial relationship of variables, the
Moran’s indices (referred to as “Moran’s I”, Anselin, 1988)
associated with output and input variables based on weight
matrices using different numbers of the nearest neighbour
provinces (h) were generated to explore the spatial associa-
tion of inputs and production. The indices were used to i-
dentify the role of distance decay on the variables. 
3.2. Model Estimation and Specification

Following the classic “specific to general” strategy for
specifying spatial process models (Anselin, 1988), this s-
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(1)

1 The Durbin-Wu-Hausman endogeneity test of each input factor
was conducted and we failed to reject the hypothesis of exogenous
variables using the chi-square test at the 5% statistical level. An-
derson’s (1951) LM statistics rejected the hypothesis that the instru-
mental variables are not identified. The weak instrument robust
tests (Dufour, 2003) also rejected the hypothesis that the instru-
mental variables were weakly identified. Test results can be ob-
tained from the authors.
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tudy started with a basic aspatial model that does not ex-
plicitly account for spatial autocorrelation and spatial het-
erogeneity to evaluate the relationship between agricultural
production and input use. The aspatial model was estimat-
ed with ordinary least squares (OLS), referred to as the “as-
patial model,” using robust standard errors. The residuals of
the aspatial model were tested using a robust Lagrange
Multiplier (LM) (Florax and De Graaff, 2004) for spatial
lag and spatial error, respectively. A modified model taking
into account spatial error and/or spatial lag was estimated
(Anselin and Florax, 1995) if those issues were detected in
the OLS residuals.

In addition to identifying spatial autocorrelation in the re-
siduals from the aspatial model, the variation in the impact
of farm inputs on output across regions were also exami-
ned. A discrete spatial regime model in the Cobb-Douglas
function that allows the structural covariates and the resi-
dual covariate to vary across the regions was estimated (re-
ferred to as the “regional spatial regime model” in equation
(4)). Based on the climate, human habitat, and topography,
Turkey is divided into seven census-defined geographical
regions including a total of 81 provinces (see Figure 1). 

This study used seven regions (Marmara, Aegean,
Mediterranean, Black Sea, Central Anatolia, Eastern Anato-
lia, and Southeast Anatolia) to account for region-specific
spatial heterogeneity by capturing the variation in the cli-
mate and agricultural output. The residuals of the regional
spatial regime model were tested using a robust LM (Florax
and De Graaff, 2004) for spatial lag and spatial error, re-
spectively. A spatial heterogeneity test on the agricultural
output elasticities at the regional level was conducted using
the joint F-test. An orthogonal restriction was imposed on
the coefficients associated with the dummy variables. The
constraint on the regional dummy variable tested whether
the effects of input uses on agricultural output in the partic-
ular region are different from the national average in
Turkey (Lambert et al., 2004). 

The spatial heterogeneity at the provincial level was exa-
mined by testing the spatial variability of the individual pa-
rameters generated by a production function estimate via
GWR (referred to as the “provincial spatial regime model”
in equation (6)). GWR adds values to the discrete spatial
regime model mainly because the result of GWR is a set of
local regression parameters for each province, thus the out-
put enables us to examine local parameter estimates, there-

by enabling assessment of the input factor-output elastici-
ties across the country. 

The significance of the spatial variability of individual
parameter estimates in GWR was examined following the
F-test in Leung et al. (2000). The null hypotheses is the set
of parameters {β1k , i = 1,2, ..., n} of xk do not vary signifi-
cantly across the space, i.e. β1k = β2k = … βnk, for a given k.
Statistical significance of the F-test indicates a rejection of
the null hypothesis assuming that the individual parameter
estimates are invariant over space. In addition, an F-test
with the null hypothesis of no significant difference bet-
ween the residual sum of squares of the aspatial and pro-
vincial spatial regime models for the given data was
conducted to test whether the provincial spatial regime mo-
del outperformed the aspatial model in terms of goodness of
fit (Leung et al., 2000). The GWR adopted in this study was
used primarily as a supplemental tool to explore the spatial
variability of the data due to several criticisms associated
with the application of the GWR as a tool to draw inferen-
ces regarding spatiality-varying relationships across the
space (Jetz et al., 2005; Wheeler and Tiefelsdorf, 2005;
Páez et al., 2008; Páez et al., 2009).
3.3. Data

Province-level data of the gross revenue of agricultural
production (GRAP), rural population, agricultural land,
number of tractors, and amount/quantity of chemical fertil-
izer use in 2007 was obtained from a nationwide survey by
the TurkStat (2008a, 2008b). The TurkStat has discontinued
the data series at the provincial level after 2007 so the data
used in this study is the latest available provincial data of a-
gricultural output and input uses. The GRAP includes the
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Figure 1- Regions of Turkey.

Table 1 - Statistics of mean and coefficients of variation of the output
and input variables

Note: The gross revenue of agricultural output (GRAP) is deflated to
the value of 1998 Turkish Lira (TRL). 1 US$ = 262,204 Turkish Lira
(TRL) based on an annual average exchange rate in 1998. Numbers in
the parenthesis represent the coefficients of variation.
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revenue of animal products, livestock, field crops, fruits,
and vegetables in million constant 1998 Turkish Liras (TL).
Agricultural employment data is not available at the provin-
cial level in 2007, thus the rural population data was used
as a proxy for agricultural labour since the current farm
structure in Turkey is primarly comprised of small-sized,
family-owned and highly-fragmented producers in most of
the nation, except for the western and Mediterranean
regions (OECD, 2011), the agricultural producers are
generally well represented by the rural population. The
number of tractors was used to represent the level of ma-
chinery use. Table 1 summarizes the regional and national
mean and coefficients of variation (CV) of the output and
input variables. 
4. Results and Discussion

The Moran’s I of the output and input variables based on
weight matrices using different numbers of the nearest
neighbour provinces ranging from 1 through 81 (h) is illus-
trated in Figure 2. The indices suggest positive spatial au-
tocorrelation for each variable. Also, the spatial autocorre-
lation of tractor use per ha of land was relatively higher
than the other inputs. As expected, the spatial dependence
of each variable decreased as more provinces are included
in the neighbourhood definition; that is, the neighbourhood
impact of a variable diminished when province connectivi-
ty increased. The panels show that the indices of GRAP and
input variables reached stationarity when 60 neighbours,
i.e. h=60, were used to define the spatial relation matrix. 

The results of the aspatial model, estimated in equation
(1) using robust standard errors, are summarized in Table 2.
Statistical significance at the 5% level is denoted with aste-
risks in the table and in the following tables; those variables
and test statistics are referred to as “significant” in the dis-
cussion onward. The hybrid weight matrix used in the test
was generated from the product of the contiguity weight
matrix with the number of the nearest neighbor provinces
identified in Moran’s I (h=60) and travel-time distance ma-
trix. Based on both LM spatial error and LM spatial lag
tests, the statistics reject the null hypothesis that the resi-

duals of the aspatial models were spatially autocorrelated at
the 5% level for the model. The aspatial model explains
about 61% of the variance in the data of 2007. Agricultural
labor significantly affected GRAP, with an associated out-
put elasticity of 0.59. 

The estimates of the regional spatial regime model in
equation (3) with robust standard errors, including the out-
put elasticities of three farm inputs, six regional dummy va-
riables, and the interactions of those regional dummy varia-
bles with each input factor, are also presented in Table 2.
The p-value of robust LM spatial error (0.98) and LM spa-
tial lag (0.28) tests suggest that the residuals of the model
with a regional spatial regime were not spatially autocorre-
lated. The joint F-test with p-value of 0.001 on the coeffi-
cients associated with the regional dummy variables and
interaction terms indicates that not all of those variables
equal zero, suggesting that the impact of input factors on
agricultural output was variant across the regions in Turkey.
Finally, the adjusted R-square of the regional spatial regime
model improved to 0.75 from the 0.61 associated with the
aspatial model, suggesting the former model incorporating
spatial heterogeneity has a better goodness-of-fit compa-
ring to the aspatial model.

After incorporating spatial heterogeneity in the regional
spatial regime model, the output elasticities of labor and
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Table 2 - Coefficients and statistics of aspatial and regional spatial
regime models.

Note: Numbers in parenthesis represent the p-value. Asterisk (*) indi-
cates statistical significance at the 5% level.
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Figure 2 - Moran’s I for output and input variables.



tractor use were significant. A one percent increase in agri-
cultural labor and tractor use per ha increased agricultural
production by 0.41% and 0.39%, respectively, on average
across the nation. In Marmara, the GRAP and the output
elasticity of tractor use was higher than the national avera-
ge since both the dummy variable associated with Marma-
ra and the interaction terms of Marmara dummy variable
and tractor use were significantly positive. This is likely
due to the relatively large farm size in the region which is
suitable for capital-intensive inputs, i.e. large machinery,
for local agricultural production. In addition, field crops a-
re the major agricultural products in Marmara, which relies
on tractor utilization to enhance the operation efficiency
and demands less labor use in Marmara. 

The spatial heterogeneity in the output elasticities of in-

put uses is also found in other regions. For example, the
agricultural output in the Black Sea and its tractor use was
less productive when compared to the average across the re-
gions due to the small farm size and steep slope land in the
region. In addition, the productivity of tractor in the Aegean
region was lower than the national average, whereas the
output impact of fertilizer and labor use was higher than the
average of other regions. This is likely driven by regional
cotton, nuts, tobacco and fresh fruit and vegetable produc-
tion that rely on fertilizer and labor primarily. The output
impact of fertilizer use in Eastern Anatolia was lower than
the national average as crop land is limited and livestock is
primary agricultural activity. Chemical fertilizer is substitu-
ted with animal manure in major part of the region.

The spatial variability test of the parameters generated by
GWR in equation (5) is summarized in Table 3. The F-test
suggests that the null hypothesis of spatial stationarity is re-
jected for the provincial output elasticities of labor and trac-
tor estimated in GWR. In addition, the significance of a
goodness-of-fit F-test implies that the provincial spatial re-
gime model taking into account continuous spatial hetero-
geneity performs better than the aspatial model. Figure 3
further illustrates the diverse impact of labor and tractor on
agricultural output across 81 provinces. The output elastici-
ty of labor extended from 0.29 to 0.71, with the highest in

15

NEW MEDIT N. 1/2017

Table 3 - Test statistics of provincial spatial regime model estimated
using GWR.

Note: Numbers in parenthesis represent the p-value. Asterisk (*) indi-
cates statistical significance at the 5% level.
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Figure 3 - The estimated elasticities of labor and tractor on provincial agricultural output using GWR.
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Izmir Province and the lowest in Bolu Province. The range
for the output elasticity of tractor fell between 0.001 in
Kahramanmaras Province and 0.76 in Bolu Province. The
wide variations in the marginal contribution of labor and
tractor to aggregate agricultural output by province, com-
parable to the findings from the discrete spatial regime mo-
del, are again related to diverse agricultural activities from
distinctive climatic and geographical conditions in Turkey. 

The findings present an important policy implication in
the agricultural sector in Turkey. Improvement of the pro-
ductivity and efficiency in the agricultural sector has been
one of the key policy priorities in Turkey over the years. Al-
though the growth in the productivity and efficiency in the
agricultural sector has been observed after various policy
reforms since 1980s, the growth rate of agricultural pro-
ductivity is still considerably behind other sectors (OECD,
2011). The comparative advantage of input factors in dif-
ferent regions/provinces found in our study provide useful
information to enhance the agricultural productivity. For in-
stance, optimizing the use of tractors in Bolu or Sinop
Provinces will further strengthern its agricultural sector. Sim-
ilarly, increase labor force in the Provinces of Izmir, Denizli
or Samsun can stimulate more agricultural output. For the less
productive input uses in various regions/provinces, such as
tractor use in Antala Province or labor use in Hakkari
Province, agricultural output can be improved through alter-
native management strategies or personnel tranining to better
fit the local condition. To further improve the productivity and
efficiency of agricultural production, administrators need to
recognize relative strengths and weaknesss in
regional/provincial agricultural sector and develop a flexible
system which effectively enhances agricultural production by
region than in a sole-aggregated policy approach.
5. Conclusion

Serving as a fundamental role in Turkish society and e-
conomy, the agricultural sector includes a wide range of
farming activities due to distinctive climatic and geograph-
ical conditions. In contrast to previous studies, this study
examined the relationships of agricultural output and input
factors taking into account the regional disparities across
the nation that constitute the observed relationships. An a-
gricultural production function was estimated with the data
of the year 2007 using two spatial regime models to capture
the regional and provincial regional disparities, respective-
ly, in the contribution of input factors to agricultural output.

Our findings suggest that the spatial variation in the
responsiveness of output to changes in evaluated inputs, in-
cluding labor, tractor, and fertilizer uses, was identified at
both the regional and provincial levels in Turkey. The good-
ness of fit of both spatial models improved when comparing
to the aspatial model. This implies that the effect of policy
supports on local agricultural output does not only depend
on the amount of resources given in a certain region/pro-
vince, but also on the capability of the local agricultural
sector (Sassi, 2010). Therefore, policy inferences derived

from the aspatial model would not be sufficient to suit local
settings; while the GWR approach is likely more efficient
in forming policy at a refined local or regional level.
Confirmation of the spatial variation helps decision makers
develop policy mechanisms tailored to individual provin-
ces, which can enhance the relative strengths of provincial
or regional agricultural activities.
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