
Introduction

The effects of climate change, drought predictions, 
urbanization, and industrialization efforts has increased 
by too much the importance of agri-environmental poli-
cies in developing countries. The policies of providing 
food security have gained importance with the effects of 
the above-mentioned topics. To a certain extent countries 

need the use of natural resources to ensure self-sufficiency 
and competitiveness in foreign trade in agriculture. How-
ever, environmental issues are an inevitable phenomenon. 
Increasing environmental problems can be resolved with 
the concept of efficiency in Economics. Self-sufficiency in 
agriculture, inputs, and agricultural production value from 
unit value are also considered in the concept of efficiency. 
Evaluating environmental risk factors requires linguistic 
terms to be used rather than exact numerical assignments. 

The fuzzy set theory provides a useful tool for con-
verting linguistic terms into numerical evaluation [1-2]. 
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Abstract
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In various countries, several studies have been performed 
to explain environmental issues by using the multi-crite-
ria decision-making tool depending on fuzzy set theory. 
Some chemical indicators and social statistics were inte-
grated into a study evaluating the health of a lake ecosys-
tem [3]. Historical data recorded the years 2008 and 2013 
in Poyang Lake, and some environmental management ac-
tions were suggested according to results. In a study from 
the energy sector, the environmental risk assessment of a 
gas power plant exploitation unit was evaluated depending 
on technique for order of preference by similarity to ideal 
solution (TOPSIS) methodology [4]. 

The most vulnerable areas in the soil erosion issue 
were determined by a multi-criteria decision analysis 
method in Serbia’s Topciderska River. Parameters were 
land use, soil characteristics, and mean watershed slope 
without economic data [5]. It was proven that TOPSIS can 
provide a comprehensive and accurate assessment of se-
diment quality and efficiently discriminate risks among 
different sites, including environmental risk assessment 
[6]. If agri-environmental indicators are supported by eco-
nomic indicators, they would be useful for public opinion 
and policy makers. The novelty of this paper is the use of 
economic indicators. 

The current study contributes to existing literature by 
using economic indicators alongside agri-environmental 
ones. It is stressed by some authors that economics and 
the environment were the main criteria in the ranking [7-
8]. In this scope, all sectors were analyzed using TOPSIS 
with the help of macro data, and in Iran, polluting sectors 
were determined with the support of input-output analy-
sis [9]. In addition, some studies support the idea of ag-
ri-environmental parameters and the importance of multi-
criteria decision-making tools. A model suggested by [10] 
as a tool for better management of coral reef ecosystem 
services is driver pressure state impact response (DPSIR), 
which could be considered an attempt to use management 
systems – including the multi-objective decision model-
ing system. 

The importance of agri-environmental and economic 
parameters was stressed by a study carried out in the Unit-
ed States [11]. The analytic hierarchy process was em-
ployed and was found to be highly comparable with other 
valuation methods such as conjoint analysis. The results 
found that public preference is strongest for the environ-
mental and agricultural attributes of farmland. The above-
mentioned studies provide scientific approaches to the 
decision-making process on environmental management. 
Yet economics has remarkable potential to be an indicator 
on environmental management. Consequently, econom-
ic parameters should be considered [12-13]. The current 
study meets this gap by considering economic parameters 
in the existing literature. 

In addition to a scientific point of view, several multi-
criteria decision-making applications have been support-
ed by public authorities. The potential to support complex 
decision problems for environmental or sustainability 
policies has been stressed [14]. Consequently, decision 
support systems are a developing topic that includes all 

stakeholders. The main aim of this study was to investi-
gate the following questions:
1. European Union countries studied here have high 

agricultural production values with only small amounts 
of land. Do those countries use agri-environmental 
policies in a historical process while providing food 
security?

2. Are economic indicators a statistically explanatory 
variable in decision-making processes at the 
governmental level? 

Materials and Methods

Our research data on Germany, France, the Nether-
lands, and Turkey encompass 1980, 1990, 2000, and 2013. 
The selected data are from the FAOSTAT database [14]. 
Various agro-economic and environmental indicators are 
tested in current research that also investigates measuring 
agricultural sustainability. These indicators are per capita 
cereals, per capita meat production, per capita milk pro-
duction, yield of cereals, economic value of agricultural 
production, fertilizer and pesticide use efficiency, and total 
agricultural emissions. The study attempts to rank coun-
tries according to sustainability criteria. In the studies of 
ranking, multi-criteria decision-making (MCDM) meth-
ods are best suited for effectively dealing with a number of 
multifaceted evaluation criteria. There are several MCDM 
methods that can serve as ranking tools for implementing 
company rankings, such as AHP (analytical hierarchy pro-
cess), ANP (analytic network process), TOPSIS, etc. The 
current study employs TOPSIS to rank the countries ac-
cording to above-mentioned criteria in terms of successful 
historical land use policies.

TOPSIS is “an approach to identify an alternative whi-
ch is closest to the ideal solution and farthest from the ne-
gative ideal solution in a multi-dimensional computing 
space” [15]. It has numerous advantages and is a simple 
process that is easy to use and programmable. The num-
ber of steps remains the same regardless of the number  
of attributes [16]. A disadvantage is that its use of Eucli-
dean distance does not consider the correlation of attribu-
tes. It is difficult to weigh attributes and keep consistency  
of judgment, especially with additional attributes. 

TOPSIS has been used in supply chain management 
and logistics, design, engineering and manufacturing sys-
tems, business and marketing management, environmen-
tal management, human resources management, and wa-
ter resources management. This is another method where 
its ease of use has kept its application popular. Many of 
the uses seen in the literature review had TOPSIS confirm 
the answers proposed by other MCDM methods [17]. The 
advantage of its simplicity and its ability to maintain the 
same amount of steps regardless of problem size has al-
lowed it to be utilized quickly to review other methods 
or to stand on its own as a decision-making tool [18-19]. 

The TOPSIS method is based on five computation 
steps [20]. The first step is the gathering of the perfor-
mances of the alternatives on the different criteria. These 
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performances need to be normalized in the second step. 
The normalized scores are then weighted and the distances 
to an ideal and anti-ideal point are calculated. The perfor-
mances of n alternatives a with respect to m criteria i are 
collected in a decision matrix X = (xia) as in Table 1, where 
i = 1, . . . , m and a = 1, . . . , n. 

The performances of the different criteria are nor-
malized to compare the measure on different units (e.g., 
pounds, years, . . .). Several normalization methods are 
available in literature [21]. Ideal normalization was pre-
ferred for minimized parameters, and maximized param-
eters existed in the study. The ideal normalization requires 
dividing each performance by the highest value in each 
column if the criterion has to be maximized. If the crite-
rion has to be minimized, each performance is divided by 
the lowest score in each column.

rai = xai / ua
+  for a = 1, . . . , n and i = 1, . . . ,m,    (1)

...where ua
+ = max(xai) for all a = 1, …, n;

rai = xai / ua
-   for a = 1, . . . , n and i = 1, . . . ,m,   (2)

...where ua
- = min(xai) for all a = 1, …, n.

A weighted normalized decision matrix is constructed 
at the second level by multiplying the normalized scores 
rai by their corresponding weights wi :

vai = wi · rai                                                         (3)

The criteria’s weights were determined by the resear-
ch team because the research is spread over a large geog-
raphic area. Survey methods could be useful if costs and 
time are unimportant. Yet this could be impossible in large 
geographic areas. The criterias’ weights were as follows: 
 – Per capita cereals (0.25);
 – Per capita meat production (0.25);
 – Per capita milk production (0.2);
 – Yield of cereals (0.1); 
 – Economic value of agricultural production (0.05);
 – Fertilizer and pesticide use efficiency (0.05);
 – Total agricultural emissions (0.05).

The weighted scores will be used to compare each ac-
tion to an ideal (zenith) and anti-ideal virtual action. There 
are three different ways of defining these virtual actions. 

One of them is to collect the best and worst performance 
on each criterion of the normalized decision matrix [22]. 
For the ideal action we have:

A+ = (v1
+, . . ., vm

+)                      (4)

And for the anti ideal action

A- = (v1
-, . . ., vm

-)                    (5)

...where vi
+ = maxa(vai) if criterion i is to be maximized 

and vi
- = min(vai) if criterion i is to be minimized. The 

following formulas were used to find the distance for each 
action to the ideal action:

            (6)

and the anti-ideal action,

            (7)

...where a = 1, …, m. And finally, the relative closeness 
coefficient of each action is found using the following 
formula:

Ca= da
-  / (da

+ + da
- )                  (8)

The closeness coefficient is always between 0 and 1, 
where 1 is the preferred action. If an action is closer to the 
ideal than the anti-ideal, then Ca approaches 1, whereas 
if an action is closer to the anti-ideal than to the ideal, Ca 
approaches 0.

Results and Discussion

According to TOPSIS results, in 1980 the country 
closest to optimal solution was Turkey, with 0.75 points, 
and the Netherlands was farthest from optimal solution 
with 0.24 points. Germany and France had 0.56 and 0.74 
points, respectively. In 2013 the country closest to optimal 
solution was France, with 0.59 points (Table 2).

We can infer from the results that all countries except 
for the Netherlands moved away from efficiency. Second-
ly, economic indicators have some effects on the ideal so-
lution because the Netherlands have less agricultural land, 
but agri-economic value is higher than other countries. 

Conclusions 

This research that investigates the general impacts  
of the agriculture sector of selected countries stresses the 

Table 1. Criteria and alternatives in TOPSIS analysis.

Criterion 
I

Criterion 
II

… Criterion 
N

Alternative 1 X11 X12 … X1n

Alternative 2 X21 X22 … X2n

: : : :

Alternative n Xm1 Xm2 … Xmn

W1 W2 … Wn
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importance of the production secured from per unit area 
(productivity and efficiency). The efficiency strategies 
need to be taken into consideration with effectiveness 
strategies. Yet a mechanism that can evaluate the 

management strategies that are used in agriculture are not 
developed in most areas of Europe. Statistically, European 
lands seem to be poor in terms of excessive use of 
pesticides and inorganic fertilizers. Also, the contributions 
to global climate change, due to agricultural production, 
have been increased, thus the EU’s agricultural production 
might be shifted to the 10+2+1 countries that have newly 
joined the Union. 

The agricultural products processing industry may be 
more developed in the EU-15 countries. The success of the 
Netherlands and Germany on this issue is clear. Another 
policy recommendation is where European countries that 
have poor agri-environmental management systems can 
pay an agricultural “pollution tax” to European countries 
that have sustainable agriculture. In this way, Europe can 
take a step to a future with better agriculture. Economic 
considerations may help to understand the environmental 
indicators, which have an inclusive role in creating  
agri-environmental policies. Consequently, economic data 
should be used in multi-criteria decision-making studies. 

Although this research seems to be a study that ranks 
the countries at first glance, the countries might also be 
evaluated individually because they may have different 
natural resource levels, population potential, and other 
socio-economic circumstances. These are considered 
current research limitations. All EU countries could be 
included for further analysis. Therefore, some historical 
comparisons can give more points of view about 
comprehensive policy implications. Additional studies 
should survey weights of criteria with all stakeholders 
from related countries.
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