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gricultural sector beThe main aim of this paper is to analyze the efficiency of the Turkish agricul- comes a necessity from
Although the attempt to tural sector in comparison with the European Union (EU) countries with re- environmental, social and
define «sustainable devel- spect to sustainability for the 1995-2005 periods. For this comparison, economic perspectives. In
opment» by the Brundt- Malmquist index technique is used. The main findings of the current study in- particular, global warmland Commission’s influ- dicate that total factor productivity increases during the 1995-2005 period ing, the pressure on the
originating from the technological improvements for all the European
ential report of «Our Com- mainly
countries. Furthermore, while the European Union countries total factor pro- water resources, soil demon Future» in 1987 of- ductivity show a 1.8 percent rise on average, the Turkish factor productivity gradation and similar enfers a general framework declines nearly 2.0 per cent in the same period. As a result, one can argue that vironmental destructions
for that concept, to assess the gap between European Union countries and Turkey has widened from the that threaten human healsustainability, more func- sustainability perspective in the recent decade.
th and other live habitat
tional definitions and asso- Keywords: Sustainability, food security, Turkish agricultural sector, Malm- force the implementation
ciated indicators could be quist index.
of the new agricultural
provided1. In fact, the conpolicies. In this sense, sucept of sustainability inRésumé
stainable agricultural povolves interrelations a- L’objectif principal de ce travail est de comparer l’efficience du secteur agri- licies come into the scene.
mong human being, nature cole dans l’Union Européenne (UE) et en Turquie sur le plan de la durabilité
One of the principal chaand live habitat and under- pour la période 1995-2005. A cette fin, on a utilisé la technique de l’indice racteristics of sustainable
Les résultats principaux que cette étude a fait ressortir indiquent
lines the necessity to re- Malmquist.
que la productivité totale des facteurs a augmenté dans la période examinée development is to ensure
establish these relations in surtout grâce aux progrès technologiques qu’ont connus les pays européens. efficient use of resources
order to improve long- En outre, si les pays de l’Union se caractérisent, en moyenne, par une aug- without neglecting needs
term welfare of the society. mentation de 1,8% de la productivité totale des facteurs, en Turquie on rap- of the future generations.
In connection with sus- porte une réduction d’environ 2% pour la même période. Ainsi, il est possible Therefore, efficiency in the
d’en conclure que l’écart entre les pays de l’UE et la Turquie s’est creusé en
tainable development, the termes de durabilités au cours de cette dernière décennie.
use of the existing reconcept of sustainable asources is crucial for susgriculture refers to agricul- Mots-clés: Durabilité, sécurité alimentaire, secteur agricole Turc, indice tainability. Similarly, sustural production activities Malmquist.
tainable agriculture underwhich are environmentally
lines long-term maintesensitive, socially agreeable and economically viable (Yun- nance of the efficiency of the production resources from ecolog and Smith, 1994). In providing one of the most basic nomic and environmental aspects and emphasizes the provineeds of human race, directly interfering to the functioning sion of nutritional needs of the human beings. Furthermore,
of nature via the production process and being the main e- sustainable agriculture concentrates on the best ways of proconomic activity of the rural areas, sustainability of the a- tecting environment and natural resources. To put differently,
stewardship of the natural habitat is as much significant as the
production and profitability in the context of sustainable agri* An earlier version of this paper was presented to the 4th GARNET Anculture (Smith and McDonald, 1998: 17; Schaller, 1993: 89nual Conference: «Food Security and Sustainable Development: Challenges for the
93). Additionally, sustainable agriculture diminishes the deGovernance of International Organization», November 2009, Rome. We thank
the participants of the Conference for their valuable comments.
pendency of the production process on the inputs detrimental
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ronmental pollution is minimized (Gliessman, 2005: 11).
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been affected by the unprecedented improvement in tech1 According to De Avilla-Pires et al. (2000:261), the concept of sustainnological change, and hence, the use of intensive technoloability has not been satisfactorily defined yet it is an extensively used
modern term.
gy in agricultural production elevated productivity. In par-

1. Introduction
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ticular, modern agriculture has become widespread in the
second half of the twentieth century. Consequently, uses of
fertilizer, pesticide, energy and irrigation facilities have
been augmented; cultivation of land has been dramatically
changed. Even though these transformations yielded to high
increases in agricultural production, they created environmental problems as well. Besides, phenomena like rising
world population, unlimited consumption of natural resources and presence of poverty fuelled the risks on world
ecosystem. Global warming, climate change lost of biodiversity and deterioration of natural resources could be regarded as signs of such risks. As a corollary, this situation
forces the reassessment of the current approaches on the
production and efficient use of the resources.
The assurance of the efficiency in the use of the resources
may not only support sustainability in the economic sense,
but also encourage it from the environmental perspective
via the controlling of the pollution-creating inputs. In this
context, the efficient use of the pollution-creating inputs in
the production process can be considered as a necessary
condition for sustainability, and hence, economic and environmental targets could be simultaneously attained (De
Koeijer et al., 2002: 9-10). Furthermore, assuming that sustainability is the preservation of the production capacity in
the long-term, it is possible to investigate efficient use of
the resources within such time span (Gomes et al., 2008:2).
Moreover, it is also argued that through analyzing efficiency and total factor productivity, the assessment of the sustainability on the land scale is feasible (Lynam and Herdt,
1988).
In the light of the above considerations, the main aim of
this paper is to analyze the efficiency of the Turkish agricultural sector in comparison with the European Union
(EU) countries with respect to sustainability for the 19952005 periods. For this comparison, Malmquist index technique is used. The empirical method and the data set used
in the current paper are presented in the next section. Among the variables used in this study, food security deserves special attention. Different from other variables, national and international institutions do not publish data on
the food security. Nevertheless, the present paper attempts
to provide data on the food security for the countries included in the analysis. This effort can be considered as one
of the contribution of the present study to the current literature. The third section is devoted to test results of the two
alternative models using Malmquist Index method. As usual, the last section recapitulates the main findings and concludes.

countries agricultural sectors in the context of sustainable
agriculture. To reach this aim, depending on the panel data
set for the 1995-2005 periods, alternative Malmquist indices are calculated. In doing so, one can observe the
changes in total factor productivities and analyze the origins of these changes.
Before proceeding, Malmquist total factor productivity
(TFP) index is presented. Malmquist index is constructed
by Shepherd through including distance functions to Farrell
(1957)’s technical efficiency criteria. Index measures the
change in TFP of two observations as a ratio of distance to
a similar technology. For such a measurement, «distance
function» is employed. Malmquist index can be constructed as either input or output oriented. Input-oriented model
can be characterized with the production technology which
attempts to minimize the input vector as a ratio when output vector is constant. Output-oriented model, however,
distinguishes itself by the production technology which
maximizes the expansion of output proportionately when
input vector is constant (Baǧdadioǧlu and Ulucan, 2005:7).
Depending on Fare et al. (1994), output-oriented Malmquist index for t and t+1 time periods can be defined as follows:

2. The Methodology and Data Set

2.2.1. Output Variables

In the above equation, D0t+1(yt,xt) term expresses the
distance of t period observation to t+1 period technology. In
this equation, while the values above 1 show that TFP is
augmenting, values below 1 indicate that TFP is declining.
Furthermore, Malmquist productivity index can be decomposed into technical and technological change. Such decomposition can be represented in the following way:

The first term on the right side of the equation (2) denotes
the ratio of technical efficiency in t+1 period to the period t
which in turn indicates the measurement of technical efficiency. Additionally, the term in the parenthesis shows the
technological change. Finally, it can be remarked that
Malmquist TFP index consists of the multiplication of technical efficiency change and technological change.

2.2. Data Set

The current study uses two broad types of variables,
namely input and output variables.

1. Agricultural Value Added: It is the remaining portion
of the total agricultural production after deducing the value
of the inputs. This variable is obtained from the data base of
the World Development Indicators (WDI). The variable is
expressed as constant US Dollars by taking 2000 as a base
year.

In this section, the methodology is briefly described, and
then, data set is presented to the reader.

2.1. Empirical Method

As mentioned in the introduction, the main aim of this study is to make a comparison between Turkish and EU
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2. Food Security: Food security is generally defined as economic, social and physically easy and permanent access
to sufficient, secure and nutritious food for human beings in
order to sustain healthy life and perform daily activities
(FAO, 2005: 80).
To obtain food security variable, various steps are followed. First of all, it should be mentioned that the data set
is fundamentally constructed focusing on the agricultural
production sufficiency of the countries. At the first stage,
population data according to sex and age distribution for all
the countries are obtained from EUROSTAT and Turkish
Statistics Institution (TSI) (TÜİK 2008). Secondly, in order
to remove age distribution differentials among the countries, population data is aggregated by using adult equivalent scale2. After the aggregation procedure, total equivalent population is attained. Afterwards, by using average
daily calorie requirements for men and women, the need for
one day calorie requirement of the total population is calculated for all the countries. From this point onwards, each
country’s average annual calorie requirement is determined.
The distribution of the basket of foods necessary for per
capita daily calorie requirement is presented in the Table 1.

Table 2 – Calorie Redistributed New Basket of Foods.

Since rice, olive and liquid oil data are not available for
most of the countries included in the empirical analysis;
however, these foods are removed from the basket. The
amount of calorie requirement for the removed foods is redistributed to the remaining foods in the basket. Calorie redistributed new basket of foods is presented in the Table 2.
Basing on the quantity of calories in Table 2, basket of
foods is constructed according to annual calorie requirement of the total adult equivalent population. Then, necessary amount of food materials providing the annual calorie
requirement of the constructed basket of foods are obtained.
Consequently, the amount of food materials is transformed
to raw material commodities using by conversion factors
(DİE 2003)3. Therefore, minimum production quantities
providing necessary annual calorie requirement of the total
population are attained for all the countries. Afterwards,
current production amounts at the commodity level rationed to minimum production quantities necessary for the
calorie requirement4. The values obtained for each commodity are aggregated once more basing on the weighted
average of their quantity of calories. Table 3 presents that
how many times are the countries possess the production
level above their minimum calorie requirement.
As the Table 3 shows, Denmark almost produces 11 times
above the minimum production level necessary to provide
annual calorie requirement of its population. Portugal has
the minimum value of 1.5 times at the end of analysis period. Meanwhile, Turkey has the actual production level of
approximately 5 times above the minimum calorie requirement. This value, in turn, is slightly higher than all the
countries average.
3. Greenhouse Gas Emission: In this study, greenhouse
gas emission is introduced in the model as undesirable output. The concentration of the greenhouse gas emissions in
the atmosphere is commonly considered as one of the most
significant factors in global warming and climate change.
Greenhouse gases are particularly important for agriculture

Table 1 – Basket of Foods Necessary for Daily Calorie Requirement of an Adult.

2 While 18 years old and above is multiplied by 1.0, 0-6 age interval is mul-

tiplied by 0.2, 7-12 by 0.3 and 13-18 by 0.5 following Deaton and Muellbauer (1986)’s method.
3 As a raw material commodity, bread, flour and dough are converted to
wheat, white cheese and yoghurt to milk, sugar to sugar beet and jam to strawberry, plum and cherry.
4 Current production amounts for the commodities are obtained from the
Food Balance Sheets of FAO.
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In this formula, ECO2eq represents CO2 equivalent
of total gross agricultural emissions. ECO2 is the total gross agricultural emission of the CO2. ECH4 and
EN2O are for total gross agricultural emissions of
CH4 and N2O respectively.

Table 3 – Food security.

2.2.2. Input Variables

1. Land: This variable covers both cultivable
fields and the fields under permanent crops. In this
study, the variable of land is measured as hectares.
2. Tractor: The quantity of tractor used in the production process is taken5.
3. Fertilizer: The indicator covers commercial fertilizers such as nitrogen, phosphor and potash used for
agricultural purposes. It is measured as metric tons.
4. Pesticides: This variable consists of pesticides
used to eradicate insecticides, fungicides and herbicides and remaining types of other pesticides. The
values of pesticides are expressed as active ingredients and measured as tons.
5. Labor: The variable includes economically active population in agriculture.
Crude statistical information about the variables is summarized in the Table 4.

since agricultural production not only constitutes the origin
of the emissions but functions as absorptive as well. The
most important component of the greenhouse gases is carbon dioxide (CO2) emissions. 82 per cent of the greenhouse
gas emissions are composed of CO2. Nevertheless, agriculture only generates 5 per cent of total CO2 emissions. On the
other hand, being another important source of greenhouse
gas, methane (CH4) constitutes 10 per cent of the total emissions. Notwithstanding, agriculture originated CH4 gas
emissions forms 40 per cent of the total methane emissions.
The share of nitrogen oxide (N2O) in total greenhouse gas emissions is approximately 7 per cent. Yet, agricultural sector
produces almost 60 per cent of the total N2O emissions
(OECD, 2001: 279). Although non-agricultural sectors like
industry and transportation plays a dominant role in the formation of greenhouse gas emissions, the contribution of agricultural sector should not be neglected in this respect.
What is more important, absorptive characteristic of the agricultural sector should also be concerned in the attempts to
prevent greenhouse gas emissions (OECD, 2001: 273-279).
In the current study, following OECD’s approach, total gross
agricultural emission values of CO2, CH4 and N2O is calculated as CO2 equivalent. The equivalent CO2 value of the three
agricultural greenhouse gas expressed in metric tons is calculated using with the following formula (OECD, 2001: 277):
ECO2eq = 1 × ECO2 + 21ECH4 + 310 × EN2O

Table 4 – Descriptive Statistical Information on the Variables.

3. Test Results

This section consists of the test results of two different
models which use Malmquist index method. While the first
model only uses agricultural value added as output indicator, second model additionally takes into consideration food
security as more representative for sustainable agriculture
and greenhouse gas emissions for undesirable output alongside the agricultural value added.

(3)

3.1. Malmquist Model 1
Inputs
I1) Land
I2) Tractor
I3) Fertilizer
I4) Pesticide
I5) Labor

5

Horse power equivalent of the quantity of tractor is alternatively used in
the empirical studies. As Coelli and Rao (2003) indicate, however, for the
sample of countries where the differences in land structure exist, the use of
the quantity of tractors becomes obligatory for meaningful comparisons between the countries. In comparison to other European countries in the sample, Turkey has fragmented land structure in the agriculture. Therefore, use
of the quantity of tractor is preferred in this study.

16
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Value Added
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According to the results of the empirical analysis presented in the Table 5, efficiency change decreased to 0.6 per
cent and technological change increased to 2.7 per cent during the 1995-2005 periods. The rise in technological change
also led to 2.1 per cent increase in total factor productivity
(TFP). To put differently, the increase in technological
change constituted the origin of the TFP improvement.
Malmquist index values permanently changed at positive
direction except for the years 2002 and 2003.

ed, highest increase is observed in Western Europe and lowest one in Eastern Europe. Also, total factor productivity
(TFP) increased for all the country categories. While the
highest improvement is noticed in Western Europe with 3.8
per cent, the lowest increase realized in Southern Europe
with only 0.5 per cent. Although technological improvement is much more pronounced in Southern Europe relative
to the Eastern Europe, since the decline in the efficiency
change for the latter category is lower, the increase in TFP
of the Southern European countries remained below that of
Eastern European countries.
Additionally, the present study also concerns with the cumulative values of each country category in order to analyze long-term effects of the EC, TC and MI changes. Table
7 is prepared for this purpose.

Table 5 – Efficiency Change (EC), Technological Change (TC) and
Malmquist Index (MI) Values for 1995-2005 Period.

Table 7 – Cumulative Values for Country Categories.

During the whole analysis period (1995-2005),
Malmquist index value raised 22.4 per cent and attained to
1.224. While a decrease of 6.3 per cent occurred in the efficiency change, impressive increase of 31 per cent materialized in the technological change. Hence, the origin of rise
in the TFP can be totally attributed to the technological
change.
Besides country categories, the study attempts to compare
Turkey with European countries in the context of efficiency and productivity. To reach this aim, EC, TC and MI
changes are monitored for EU countries average and Turkey. In Table 8, EU countries average values are compared
with the values of Turkey.

The countries included in the sample is further classified
into Western Europe, Eastern Europe, Northern Europe and
Southern Europe basing on the production methods, features of the climate and economic structures to investigate
and compare peculiar characteristics of each category6.
Table 6 – EC, TC and MI Values for Different Country Categories.

Table 8 – EC, TC and MI Values of EU Countries and Turkey.

The data in Table 6 suggests that the highest increase in
efficiency change occurred in Western Europe with 0.3 per
cent through the analysis period. On the other hand, efficiency change decreased in Eastern and Southern Europe in
the same period. The highest decline (2 per cent) is observed in the Southern European category where Turkey is
also included in it. Meanwhile, technological change reveals positive impacts for all the categories. As it is expect-

According to the results, Turkey’s efficiency change declined to 1.3 per cent. Similarly, technological change also
diminished to 0.7 per cent during the analysis period.
Therefore, a reduction of 1.9 per cent in TFP is observed for
the country. As to the EU average, although efficiency
change is decreased, 2.9 per cent raise in technology change
is detected for the same period. Consequently, TFP is augmented to 2.3 per cent.
Moreover, cumulative values for Malmquist index indicate a 22.4 per cent increase for all the countries. While the
increase in EU countries average realized as 25.8 per cent,

6 Western European countries include Austria, Belgium, France and Germany. Although Holland is a Western European country, the country at the
same time shows the characteristics of the Northern European countries
with respect to agricultural production methods, and therefore, it is included within this category. Other Northern European countries are Denmark,
Finland, Great Britain and Sweden. Eastern European countries consist of
Czech Republic, Hungary and Poland. Southern European Countries’ category covers Greece, Italy, Portugal, Spain and Turkey.
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Turkey manifested a decline of 17.7 per cent (See Table 9).
From this finding, one can argue that EU countries advanced in the implementation of the sustainable agricultural policies for the 1995-2005 periods. Unfortunately,
Turkey could not demonstrate a satisfactory performance
and even regressed in the same area.
Finally, to evaluate sustainable development performance of every country through time, cumulative Malmquist index values are presented in Table 10 for all the
countries.

3.2. Malmquist Model 2
Inputs
I1) Land
I2) Tractor
I3) Fertilizer
I4) Pesticide
I5) Labor

Malmquist Index
(17 Countries)

Output
O1) Agricultural
Value Added
O2) Food Security
O3) Greenhouse
Gas Emissions

In addition to the output indicator in the first model, food
security which can be considered as one of
the significant variables to concern with
sustainable agriculture at the aggregate
level and greenhouse gas emission which
is the principal component of the climate
change are also integrated in the model in
order to reach more meaningful and discussable results to assess efficiency of the
agricultural sectors in EU and Turkey from
the sustainability perspective.
According to the empirical results of the
second model, MI values are augmented to
1.6 per cent on the average during the 19952005 periods. Comparing with the first
model where food security and greenhouse
gas emission are not taken into account, the
change remained relatively limited. The rise
in technological change is more pronounced
in the first model whereas the reduction in
efficiency change is relatively low in the
second model. Similar to the first model, the
rise in TFP can be wholly devoted to the
technological change. Although technical
efficiency entailed a reduction of 0.4 per
cent, the occurrence of 2 per cent increase in
technological change yielded an increase of
1.6 per cent in TFP as shown in Table 11.
Changes in efficiency, technology and
Malmquist index for different country categories in Europe are presented in the Table 12.
Depending on the findings in the Table 12,
the most striking improvement is observed
for Western Europe with 10.7 per cent increase. The rise in the MI of the Northern European countries could not be ignored either.
Controversially, Eastern European countries experienced a
decline of 1.7 per cent on the average in their total factor productivities. Compared to the first model, all the country categories’ productivity performance increases in the second
model where food security and greenhouse gas emission is
included except the Eastern European category. Therefore, it
can be argued that relatively developed countries are in a better position with respect to sustainable agriculture.
On the other hand, Western Europe is the only
country category showing an increase in its efficiency

Table 9 – Cumulative Values of EU Countries and Turkey.

Table 10 – Cumulative Values of the Countries.

The best performers among all the sample countries
during the analysis period are Belgium, Denmark,
France, Germany and Italy. In the same period, Austria,
Greece, Portugal and Turkey manifested considerable reductions in their total factor productivities. The highest
regression is monitored for Turkey with 17.7 per cent.
The reductions of 9.6 per cent, 4.0 per cent and 6.7 per
cent are found for Greece, Portugal and Austria respectively.
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Table 11 – EC, TC and MI Values for 1995-2005 Period (Model 2).

Table 12 – EC, TC and MI Values for Country Categories (Model 2).

Table 13 – Cumulative Values for Country Categories (Model 2).

Table 14 – EC, TC and MI Values of EU Countries and Turkey (Model 2).

Table 15 – Cumulative Values of EU Countries and Turkey (Model 2).
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change. In other categories, efficiency change diminished during the analysis period. The highest
decline is realized for Southern European countries where Turkey is also included in. As for
technological change, parallel to TFP, all the categories exhibit moderate increases except the
Eastern Europe where small decline is observed.
In order to examine long-term effects, cumulative values of Malmquist index are presented in
Table 13. According to the results of the Table 13,
MI values increased to 16.8 per cent on the average for the analysis decade. Compared to the first
model where food security and greenhouse gas emission are not concerned with, the increase in
the factor productivity remained low. The highest
increase is observed in Western Europe with 35.6
per cent. The rise in Northern European countries
is not negligible either (almost 25 per cent). In
Eastern Europe country category, however, productivity diminished more than 5 per cent during
the whole period.
Furthermore, efficiency positively changed for
only Western European countries. Moreover,
technological change attained positive values for
all the categories except Eastern Europe.
Similar to the procedure used for the model 1,
EC, TC and MI values are examined for Turkey
and EU countries in model 2 as well. In the Table
14, EU countries average values are compared
with the Turkish values.
As to the findings presented in the above table,
a non-negligible decline of 1.9 per cent occurred
in TFP of Turkey. Controversially, TFP in EU
countries increased to 1.8 per cent during the
analysis period owing to 2.2 per cent rise in technological change. The findings of the Model 2 are
not radically different from those of the Model 1
for Turkey. Nevertheless, the values for EU countries are relatively low in the context of technological change and Malmquist index. Therefore,
one can suggest that food security and emissions
are not quite significant variables for Turkey’s
productivity performance. Such variables, however, affect EU countries to a great extent.
Additionally, MI cumulative values for EU
countries present an increase of 19.3 per cent.
This increase mainly originated from the rise of
24 per cent in technological change since efficiency change reduced during the analysis period.
The picture is not optimistic for Turkey. Turkish
TFP diminished 17.7 per cent in the same period
mainly due to the 12.1 per cent decline in efficiency change. It should be noticed that a decrease of 6.5 per cent in technological change also contributed the reduction in the factor productivity for the 1995-2005 period (See Table 15).
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the context of food sufficiency, the trend should be closely
monitored since the country’s poverty ratio exceeded to 30
per cent in 2007 for the people living in the rural areas
(TÜİK 2008).
Meanwhile, depending on the results of Malmquist index,
one can infer that TFP rose in general during the 1995-2005
period. The origin of this increase can be safely attributed
to technological change. With the modification of the model via introducing two additional output variables namely
food security and greenhouse gas emission, the rise in TFP
relatively diminished.
When the focus of the analysis shifts on the regional level, the highest improvement is observed in Western and
Northern European countries during the
analysis period. On the contrary, productivity
changes remained limited for Eastern and
Southern European countries. Such distinction seems to coincide with the differences in
the development level of each country category. More specifically, it can be argued that relatively more developed country categories of
Western and Northern Europe exhibit good
performance with respect to sustainable agriculture.
The comparative analysis between EU averages and Turkish agriculture reveals that
while a rise of 1.8 per cent in total factor productivity is inspected for EU, a decline of nearly 2.0 per cent is realized for Turkey. From
this finding, one can suggest that the gap between European Union countries and Turkey
widened in the analysis period.
Nevertheless, the occurrence of the productivity regression in Turkish case can mostly
be attributed to efficiency change rather than
technological one. Therefore, the country has
the opportunity to perform better with respect
to sustainable agriculture through the improvements in the efficiency. In other words, without realizing sound technological changes, Turkey has the chance
to conform the requisites of sustainable agriculture via the
enhancement in the efficiency of its production structure.
Yet, technological advances should not be ignored at all for
long-term productivity growth and development perspectives.
The empirical analysis also offers valuable results in association with the cumulative Malmquist index values. As
to these results, EU countries achieved an increase of approximately 20 per cent on average in their total factor productivity owing to the improvement in the technology during 1995-2005 periods. In the same period, the picture is
wholly contrasting for Turkey. Both efficiency and technology changes are on the negative direction, and consequently, total factor productivity of Turkey deteriorated to more
than 17 per cent. This situation obviously jeopardizes the

Finally, cumulative Malmquist index values for all the
countries are calculated to demonstrate their performance
in the context of sustainable development. Table 16 is constructed for this purpose.
The best performers among all the sample countries during the 1995-2005 periods are Denmark, France, Germany
and Italy. In particular, Denmark realized a great leap in
TFP through concerning with the sustainable agriculture. In
this period, Austria, Czech Republic, Finland, Greece, Hungary and Turkey displayed significant declines in their total
factor productivities. Among these countries, highest reductions are monitored with 19.8 per cent in Hungary and
17.7 in Turkey.
Table 16 – Cumulative Values of Countries (Model 2).

4. Concluding Remarks

Above all, the current study attempted to construct a data
on the food security. Following a relatively complex procedure, minimum production level to provide yearly calorie
requirement of the countries are obtained. It should be mentioned that this calculated data is functional to decide each
country’s food sufficiency level. According to the findings
of the current study, Denmark produces 11 times above the
minimum production level necessary to provide annual
calorie requirement of its population. On the other extreme,
Portugal only has the minimum value of 1.5 times in 2005.
Additionally, Turkey has the production level of approximately 5 times above the minimum calorie requirement.
This value is higher than all the countries average. Notwithstanding, a decline of 1 per cent is observed from 1995 to
2005. Although, no urgent threat is detected for Turkey in
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performance of the country with respect to sustainable agriculture. To put differently, the already existing gap between EU countries and Turkey extended in width in the recent decade.
To sum up, in order to alleviate the efficiency problem
and to close the productivity gap, Turkey should deal with
the structural problems like efficient use of water resources,
combating with soil erosion, implementing sustainable land
and water management, improving soil quality, spreading
organic agriculture throughout the country, revising the agricultural support policies. Last but not least, the country
should overcome the economic crisis and establish a stable
economic and equitable social structure.
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