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Abstract – People has learned and has been developing agriculture for years. The surrounding land has become the best way to 

use as a result of years of observations. Over the centuries, cities have grown significantly and observable changes in land usage 

come up with the help of expanded and developing technology. Although Turkey has a large and suitable for agriculture , 

agricultural activities are gradually decreasing every year. The main reason why people of rural areas migrate rapidly to the cities 

and why agricultural activities are decreasing can be explained with the lack of adequate productivity in the production layer; 

moreover, fertile soils are not used effectively. As a result of low level of productivity on agriculture, the production of 

agricultural products does not meet domestic demand. 

Significant amount of funding is planned for future agriculture projects. Nevertheless, the agricultural development in Turkey is 

still facing major obstacles due to efficiency. Nowadays significant inflation rate increase of Turkey can be observed. One of the 

most important reasons for the serious increase in inflation is the efficiency and planning problems in agricultural items and 

activities. This study aims to develop a detailed risk analysis model of whole system to increase productivity and efficiency with 

multi criteria decision making methods (MCDM). At the end of study proposed risk analysis model aims to help all kinds of 

agricultural products to be planned and to be produced with detailed scientific investigations. 
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I. INTRODUCTION 

Turkey has a generally mountainous terrain. There is a close 

link between dominant winds and the sea because they bring 

the north and south under the influence of climatic features 

with Turkey landform features. Turkey has 77.9 million 

hectares of land assets. 26.3 million of it agricultural lands. 

Turkey's growing population and agricultural land features 

indicates that productivity is a key element to be considered. 

The variety of agricultural products and their yields can be 

increased with the usage of valid and proper optimization and 

planning. Agriculture and food policies are effective in the 

development and implementation of new technologies and 

new planning strategies. Nowadays, one of the most important 

reasons for the increasing inflation rate is it the price increase 

in agricultural products. 

 

Agricultural value added constitutes 3% to 6% of the world 

GDP according to different approaches. It is known that this 

rate has decreased less than %10 which should be increased 

for the benefit of Turkey. Agriculture in Turkey has been 

developed for more than 90 years. Agricultural production 

potential can still satisfy the domestic agricultural demand 

although the system has several impediments. Figure 1 shows 

most produced commodities of Turkey for 23 year period. 

Although there is a significant increase can be observed , the 

price of agricultural products tends to increase. This makes 

productivity and planning problem that Turkey has been 

facing.  

  

Figure 1. Most produced commodities with respect to year period between 

1994-2016 

In Figure 2 one of the most important agricultural product, rice 

production of Turkey can be observed. In Figure 3 top ten 

producers of rice are shown. Almost half of the total 

production of the rice produced by China. Food and non-

alcoholic beverages are at the rate of 23% in the inflation 

basket and they are the most effective group in calculation of 

inflation rate. 

 

Productivity in agricultural products is one of the most 

important indicator. In Table.1 it can be shown that although 

Turkey has 20 times larger agricultural land than the 

Netherlands, agricultural goods export is approximately 5 

times less. In 2017 the Netherlands exported €91.7 

1205 

mailto:fatih.ak@antalya.edu.tr
mailto:fatih.ak@antalya.edu.tr


Ak M.F., Agricultural Productivity and Planning Problem of Turkey: Multi-Criteria Decision Making Based Risk Analysis Model of Turkish 

Agriculture , ISAS 2018, Samsun, Turkey 

billion in agricultural goods while Turkey exported 

approximately €16 billion. 

Figure 2. Rice production quantity of Turkey with respect to year period 

between 1994-2016 

 

 

Figure 3. Top 10 producers of rice with respect to year period between 1994-

2016 

 

 
 

 

Table 1. Agricultural land, Permanent pasture, Hectares, 2017 

 
Location At the beginning of 2017 

( thousand hectares) 

United States 265 266.27 

United Kingdom 11 277.00 

Turkey 14 616.69 

Switzerland 1 095.91 

Spain 6 471.39 

Slovenia 276.25 

Slovak Republic 521.44 

Romania 4 521.38 

Portugal 1 875.85 

Poland 3 175.50 

Norway 649.8 

New Zealand 10 006.00 

Netherlands 729.89 

Mexico 81 034.91 

Luxembourg 67.08 

Lithuania 775.6 

European Union 

(28 countries) 

59 349.06 

 

 

 

In order to increase productivity in agricultural products, the 

detailed risk analysis is required for any process of production. 

There are many risk analysis studies exist in the literature 

where Gul and Guneri (2016) has used benefit of fuzzy logic 

with the application in Analytic Hierarchy Process to 

determine weights of criteria with the aim of prioritization of 

the alternative groups in manufacturing. On the other study 

Ebrahimnejad et al (2010) used multi criteria decision making 

methods to identificate risks with the help of fuzzy logic while 

Vahdani et al (2015) used parameters of FMEA to determine 

the preference of cause failures. 

In this study, multi criteria decision making based model 

has been proposed with the most important indicators to be 

considered. First of all, organization and planning of cultivable 

lands for whole suitable agricultural lands of Turkey is needed.  

Optimization and selection of which agricultural products 

have to be produced with the concern of value added. 

Agricultural lands should be divided groups according to 

domestic and global demands. Systematic approach should be 

applied to agricultural goods especially for potential value 

added products. Decreasing import amounts of agricultural 

products in which Turkey has paid more money is one of the 

main objectives.  

 

Analytic hierarchy process (AHP) model can be used in 

agricultural risk analysis  with considering main objectives of 

Turkey. Thomas L. Saaty developed AHP in 1980 as a 

measurement theory of intangible criteria (Aragon_es-

Beltr_an et al. 2009). AHP exposes relevant priority vector 

when interpreting information preferred by decision makers 

based on a set of pairwise comparison values of objects. The 

AHP is based on the hierarchical structure and it is a kind of 

MCDM method. Goal , criteria and alternatives are 3 important 

elements of AHP. Goal shows the aim of the problem. Criteria 

is problem related elements that can be used for decision 

process. Saaty’s scale of 1–9 has been used for each 

hierarchical level and pairwise comparisons are made with 

judgments using numerical values 

AHP has a ability to evaluate hierarchical structure.as a whole 

of both quantitative and qualitative criteria. The pair wise 

comparisons are organized in a matrix and priorities are 

derived from the matrix as its principal eigenvector. 

Consistency of decision makers can be checked in AHP with 

the help of consistency ratio(CR). 0.1 value is the maximum 

limit to ensure that judgment is adequately done. Steps of AHP 

are shown below: ( Guneri et al. 2015; Tzeng and Huang 

2011): 

 

Step 1: Definition of problem and identifying target of problem 

Step 2: Criteria, sub-criteria and alternatives are determined by 

creating hierarchical structure. 

Step 3: Pairwise comparison matrix is created with respect to 

experts 

Step 4: Computation of λmax(average) of values from 

previous step. 

Step 5: Computation of  consistency index, CI = (λmax - n)/(n 

- 1) . 

n : total number of items being compared. 

Step 6: Estimation of CR  and  CI and obtaining random index 

( RI) 

 

 VIKOR (the VlseKriterijumska Optimizacija I Kompromisno 

Resenje) is one of the most common MCDM methods 
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developed by Opricovic (1998) for multi-criteria optimization 

problems and compromise solutions. Ranking of alternatives 

and determination of compromise solution can be done with 

VIKOR. Solution shows the “ideal” which means closest to the 

optimal solution. This method focuses on selecting and sorting 

alternatives when there are conflicting criteria. The multi-

criteria decision based on the basis of the proximity to the ideal 

solution “is also defined as the ranking index. VIKOR method 

steps are shown below: 

 

Step 1: Creating alternatives and determining criteria 

Step 2: Create a decision matrix: where 𝐴𝑖represents ith 

alternative, 𝑖 = 1,2,3,…𝑚; 𝐶𝑥𝑗 represents the jth criterion, j 

=1, 2,..n; and 𝑥𝑖𝑗 separate performance of an alternative . 

Step 3: The normalized decision matrix can be expressed as 

follows: 𝐹 =  [𝑓𝑖𝑗]𝑚×𝑛
 

Here, 𝑓𝑖𝑗 =
𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑚

𝑖=1

, 𝑖 = 1,2,3,…𝑚; 𝑥𝑖𝑗 is the performance of 

𝐴𝑖 alternative with respect to the jth criterion. 

Step 4: Determination of  the best and worst  (𝑓𝑗
∗ , 𝑓𝑗

−, 

respectively) values of all criterion functions 𝑗 = 1,2, , … 𝑛. If 

the jth function represents a benefit then: 

𝑓𝑗
∗ = max

𝑖
𝑓𝑖𝑗  ,    𝑓𝑗

− = min
𝑖
𝑓𝑖𝑗  

Step 5 : Estimation of utility measure (S) and regret measure 

(R): S and R for each alternative are calculated as : 

𝑺𝒊𝒋 = 𝒘𝒋

(𝒇𝒋
∗−𝒇𝒊𝒋)

(𝒇𝒋
∗−𝒇𝒋

−)
   ,      𝑺𝒊 = ∑ 𝒘𝒋

(𝒇𝒋
∗−𝒇𝒊𝒋)

(𝒇𝒋
∗−𝒇𝒋

−)

𝒏
𝒋=𝟏  

𝑅𝑖 = max
𝑗
(𝑆𝑖𝑗) =max

𝑗
( 𝑤𝑗

(𝑓𝑗
∗ − 𝑓𝑖𝑗)

(𝑓𝑗
∗ − 𝑓𝑗

−)
) 

where, 𝑆𝑖 and 𝑅𝑖 , represent the utility measure and the regret 

measure, respectively, and  𝑤𝑗 is the weight of the jth criterion, 

expressing the relative importance of each criterion.  𝑤𝑗 can be 

calculated by AHP or Entropy method.  

Step 6: Computation of VIKOR index (𝑄𝑖) for ith alternative 

by the following relation: 

𝑄𝑖 =
𝑣(𝑆𝑖 − 𝑆−)

(𝑆∗ − 𝑆−)
+
(1 − 𝑣)(𝑅𝑖 − 𝑅∗)

(𝑅∗ − 𝑅−)
 

where: 𝑄𝑖 represents the ith alternative VIKOR value, 𝑖 =

1,2,3,…𝑚; 

𝑆∗ = max
𝑖

𝑆𝑖  ,   𝑆
− = min

𝑖
𝑆𝑖 

𝑅∗ = max
𝑖

𝑅𝑖  ,  𝑅
− = min

𝑖
𝑅𝑖 

where  “𝑣” denotes: weight of the maximum group utility. It 

ranges between 0 and 1, and is based on the level of 

compromise among decision makers. The higher the term 𝑣, 

the compromise is greater. In most cases, it is to be set to 0.5 

(𝑣 =0.50).  

Step 7: Rank the alternatives, sorting by the values S, R and 

Q, from the minimum value to the maximum. The results are 

three ranking lists. 

Step 8: The alternative 𝐴1 and 𝐴2 are, respectively, the 

alternative with first (minimum) and second positions in the 

ranking list by the measure Q (Minimum) if the following 

two conditions are satisfied: 

C1) Alternative 𝐴1 must also be the best ranked by S or/and R  

C2) Acceptable advantage: 𝑄(𝐴2) − 𝑄(𝐴1) ≥ 𝐷𝑄 ; where 

DQ=1/(m-1); m is the number of alternatives. 

 

II. RESULTS 

AHP and VIKOR are two important MCDM methods and 

applied in order to find each agricultural risk analysis criteria 

to increase productivity. Criterias are defined and found with 

the help of 8 experienced agricultural engineers  

a) Unit domestic price of product  

b) Unit export price of product 

c) Export demand of product  

d) Domestic demand of  product 

e) Local value of product  

f) Global value of product  

g) Unit cost of production of product  

 

In this study each of criteria weights have been found with 

using AHP and ranking and prioritization of alternatives have 

been done with the help of VIKOR method. 

In Figure 4 AHP application interface can be seen. 

Figure 4. AHP Application on Superdecision Program. 
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After pairwise comparisons and finishing each steps each 

criteria weights are found in Table 2. 

Global value of product has the highest weight and unit 

export price of product , export demand of product, domestic 

demand of product , local value of product, unit domestic price 

of product are sorted orderly. 

 

 

Table 2. Subjective weights of Criterias 

Criteria Normalized Weights 

Domestic demand of  product 14.3% 

Export demand of product 19.4% 

Global value of product 27.2% 

Local value of product 9.4% 

Unit domestic price of product 8.2% 

Unit export price of product 21.5% 

 

According to the AHP application, evaluations of the 
agricultural engineers in 9 scale matrixes are used to 
evaluate the relative weights of each group by pairwise 

comparisons. Table 2 shows the obtained results. 
After determining the weights of six risk parameters by 

AHP, the evaluations of each risk parameter of Turkish 
agriculture VIKOR is applied. In the first step of VIKOR 
weights of each risk parameter are used. 

In the following step, the best 𝑓𝑗
∗ and the worst 𝑓𝑗

− values 

of all risk parameter ratings are determined by equations 

which are mentioned above. The normalized distance is 
calculated for each alternatives as shown in Table 3.  

Table 3. Normalized distances of risk parameters. 

 

Criteria Normalized Weights 

Domestic demand of  product 14.3% 

Export demand of product 19.4% 

Global value of product 27.2% 

Local value of product 9.4% 

Unit domestic price of product 8.2% 

Unit export price of product 21.5% 
 

 

Figure 5. VIKOR Results. 

 

 

Table 3. Values of S, R, and Q for alternatives 1-4 

Alternatives Aegean 
Black 

Sea 

Central 

Anatolia 

Eastern 

Anatolia 

Si 0.2268 0.44 0.77295 0.517143 

Ri 0.2268 0.37 0.414571 0.34 

Qi 0.1479 0.3 0.762009 0.638411 

Table 4. Values of S, R, and Q for alternatives 5-7 

Alternatives 
Marmara Mediterranean 

Southeastern  

Anatolia 

Si 0.7188 0.1697 0.3164 

Ri 0.4531 0.1697 0.2278 

Qi 0.8551 0.09 0.1041 

The values of S, R, and Q are calculated for all alternatives 
as in Table 3 and Table 4. The risk priority orders of the 

alternatives types by S, R, and Q in the decreasing order are 
obtained. 
Figure 5 shows the values of S, R, and Q for each 

alternatives. In this figure minimum values are indicating 
the best alternative, while alternatives having S, R, and Q 

values closest from 1 is ranked and indicating the worst. 
Obtained results indicate that the most important 
alternatives to produce agricultural good are in the whole 

system of the Turkey are stemmed from Mediterranean, 
Aegean, Black Sea, Southern Anatolia, Eastern Anatolia, 
Central Anatolia and Marmara respectively. In radiology 

department, 

III. DISCUSSION 

After MCDM methods application has been determined to 
deal with and avoid risks, it can be easily set up production 
planning according to obtained results. Agricultural risk 

analysis comes up with benefits of productivity and 
easiness of planning. Since Turkey has larger agricultural 

lands than lots of countries, productivity and planning 
should be considered properly. In this point advantages of 
AHP and VIKOR can be seen and agricultural strategy of 

Turkey can be revised. Optimization of agricultural lands 
with proper agricultural goods could increase significantly 
export of Turkey among other countries. More research and 

development studies should be done  and implemented 
systematically in the agricultural area. 
 

IV. CONCLUSION 

In this study agricultural productivity and planning problem 

is considered and MCDM method based structure have been 

proposed. For the future work, more detailed criteria set and 

detailed risk analysis should be applied to increase total 

number of value added agricultural products in Turkey.  
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