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Abstract 

 
The dairy sector plays a considerable role in the agricultural sector and is major source of 
household income for many farmers in Turkey. This study aims to estimate the technical 
efficiency for dairy farms in Hatay province of Turkey. The data obtained from 138 dairy 
farms, were analysed using the Data Envelopment Analysis (DEA) method. Annual milk 
production quantity, concentrate feed, roughage feed, veterinary costs, and human labour 
were used in the analysis as variables of efficiency model. The Tobit Regression Model was 
used to calculate the DEA scores in order to establish the causes of inefficiencies. According 
to the results of the DEA model, mean technical efficiency scores estimated for the Constant 
Return to Scale (CRS) and Variable Return to Scale (VRS) were 0.64 and 0.69, respectively. 
Inefficiency stems from a certain amount of product which can’t be produced using the 
minimum input. Efficiencies are positively correlated with herd size, concentrate feed ratio, 
and farmers’ experience. However, only herd size and concentrate feed ratio are statically 
significant with a level of 5 %. The increased herd size and concentrate feed ratio in total feed 
will enhance the profitability. 
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1. Introduction 

 
The dairy sector is of great importance for the economic development of rural areas in 

Turkey. Total milk production of the world is about 754 million tons as of the year 2012. 
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Major milk producing countries in the World are India, USA, China, Pakistan, Brazil, Russia, 

Germany, France, New Zealand and Turkey. India, with about 125 million tons, is the most 

important milk producer in the world. Turkey is located in the tenth rank with about 17.4 

million tons of milk production (FAO, 2014).   

Increasing input costs and low milk prices bring more obligations to the efficient use 

of inputs for producers who want to increase the gain and maintain their existence. Farrell’s 

analysis work is the source in which most effectiveness measurement research is based 

(1957). This work gave way to other methodologies’ developments such as: the parametric 

Stochastic Frontier Analysis (SFA) developed by Aigner et al. (1977); Meeusen and Van Den 

Broeck (1977), and the non parametric DEA developed by Charnes et al. (1978). DEA has 

some advantages over SFA such as not requiring the specification of a functional form for the 

formation of the production frontier (Kelly et al., 2012). There are various investigations 

measuring efficiency for many agricultural products. Most of the studies in the literature 

applied the DEA to measure efficiency for different agricultural products such as grapes, 

poultry, peanuts, dairy, wheat, cotton, etc. Some recent examples are Khoshroo et al. (2013); 

Solakoglu et al. (2013); Kelly et al. (2012); Heidari et al. (2011); Parlakay and Alemdar 

(2011); Günden et al. (2010); Dagistan et al. (2009); Gul et al. (2009); Alemdar and Oren 

(2006) etc.  

Studying the potential of inadequacies in farm performance is important from a 

practicle as well as a policy standpoint. This information can be used by farmers to improve 

their performance. In addition, policy makers could also use this ınformation to improve farm 

productivity and income by identifying and targeting public interventions (Solís et al., 2009). 

The aim of this study is to examine dairy farms’ technical efficiencies located within 

the providence of Hatay in Turkey. DEA method was used for this purpose in order to obtain 

efficiency scores.  

 

2. Material and Methods 

Following the 2013-2014 production period, a questionnaire study was conducted and 

138 dairy farms were selected with the stratified random sampling method in the Hatay 

province of Turkey. Data used in the technical efficiency analysis were collected from dairy 

farmers. Parametric and non-parametric methods can be used to assess the efficiency score of 

production units. These methods both compose a production frontier that shows the maximum 
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production possible with the use of current technology and evaluate each unit’s production 

(Oren and Alemdar, 2006). 

DEA is a non-parametric deterministic approach which is based on linear 

programming techniques. It was originally developed by Charnes et al. (1978) on the basis of 

the initial propositions of Farrell (1957) (Jan et al., 2010). One of the attractive features of the 

DEA method is that it avoids distributional assumptions (Wilson, 1995). 

Lower efficiency is indicated by DEA scores that range between 0 and 1, or lower. 

DEA can be either input or output oriented. The original DEA model by Charnes et al. (1978) 

was an input oriented model, whereby under the assumption of constant returns to scale, 

inputs were minimized, output remained constant and inefficiencies were calculated in terms 

of the inputs (Kelly et al., 2012). An input oriented BCC (Banker-Charnes-Cooper) model can 

be written below for N Decesion Making Units (DMU), each producing M outputs by using K 

different inputs (Coelli et al., 1998; Dagistan et al., 2009; Gul et al., 2009; Koc et al., 2011):  
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X and Y denote input and output matrices, respectively. θ  is a scalar, which 

represents the efficiency score for the it-h farm. N1' is convexity constraint, λ  is vector of 

Nx1 constants. This linear programming problem must be solved N times, once for each farm 

in the sample. A θ  value of 1 indicates that the farm is technically efficient according to the 

Farrell (1957) definition.  Socio-economic characteristics of dairy farmers are presented in 

Table 1.    

 

Table 1: Socio-economic characteristics of farms  

Variables Mean 
Age (year) 45.14 
Education level (year) 6.39 
Cow growing experience (year) 16.65 
Population in farm (person) 4.89 
Herd Size (head) 4.83 
Planting area (da) 59.46 
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Summary statistics used in the analysis are presented at Table 2. Output was annual 

milk production quantity (L) and inputs were concentrate and roughage feed (kg), veterinary 

costs (US $) and human labour (h).  

 

Table 2: Summary statistics for variables used in the efficiency analysis 

Variables Min Max Mean St.Dev.  
Output     
Annual Milk Production Quantity (Kg Cow-1) 3000.00 7500.00 5403.80 919.32 
Input     
Concentrate Feed(Kg Cow-1) 1137.50 7800.88 2947.71 927.95 
Roughage Feed(Kg Cow-1) 600.00 9000.00 2195.55 1264.26 
Veterinary Costs ($ Cow-1) 40.64 782.02 168.05 117.07 
Human Labour (h) 56.15 696.88 158.24 75.06 

 

The DEAP software developed by Coelli was used to calculate the DEA scores (1996). 

Efficiency scores were measured under CRS and VRS assumptions. To identify the causes of 

inefficiencies, the Tobit Regression Model was used after the calculation of the DEA scores. 

Several socio-economic factors were regressed upon the DEA VRS scores in this model. 

Farmer’s cow growth experience, farmer’s education level, concentrate feed ratio, herd size, 

and herd regeneration were used as variables of the Tobit Regression Model.  

 

3. Results and Discussions 

Estimated Technical Efficiency scores of dairy farms are presented in Table 3. Results 

showed that the mean technical efficiency scores estimated for the CRS and VRS were 0.64 

and 0.69, respectively. Fifteen farms were efficient in terms of VRS and 10 farms were fully 

efficient under the CRS model. The technical efficiency scores under CRS are equal to, or less 

than those calculated under the VRS DEA model. This relationship is used to obtain the 

measure of scale efficiency SE. 
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Table 3: Frequency distribution of technical efficiency scores obtained with DEA Model 

Efficiency Scores DEA 
CRS VRS  SE 

1.00 10 15 35 
0.91-0.99 6 3 47 
0.81-0.90 7 15 51 
0.71-0.80 16 24 3 
0.61-0.70 34 31 0 
0.51-0.60 34 33 1 
0.41-0.50 21 14 0 
<0.41 10 3 0 
Min 0.26 0.32 0.57 
Max 1.00 1.00 1.00 
Mean 0.64 0.69 0.92 
SD 0.18 0.16 0.08 

 

The CRS assumption is appropriate when all firms are operating at an optimal scale. 

However, unfair competition, government regulations, constraints on finance etc., may cause 

a firm not to operate at optimal scale (Coelli et al., 2005). The use of CRS specification when 

not all firms are operating at the optimal scale, results in measures of TE that are confounded 

by scale efficiencies (SE). The use of the VRS specification permits the calculation of TE 

devoid of these SE effects. Otherwise, as shown in Table 3, SE is higher than VRS TE. This 

indicates that the cause of inefficiency is a certain amount of product which can not be 

produced using the minimum input.  

Estimated Technical Efficiency scores of dairy farms were presented in Table 3. 

Results show that the mean technical efficiency score estimated for the VRS was 0.69. This 

means that sample farmers can reduce using inputs of dairy production, on average, by 31 

percent, and achieve the same level of output with the existing technology. In other words, 

sample farms can evaluate 69 % of used inputs (Table 3). According to this result, technical 

efficiency can be increased by 31% by the improved use of availible resources with the 

existing technology. We obtained lower mean technical efficiency compared to previous 

reports in Turkey (0.83), Switzerland (0.75) and Ireland (0.83) (Dagistan et al., 2009; Jan et 

al., 2010; Kelly et al., 2012).  

Mean scale efficiency of the sample dairy farms was 0.92. Of the 138 farms, 85 show 

increasing returns to scale, 37 show decreasing returns to scale, and 16 show constant returns 

to scale (Table 4).  

 

 



Estimating technical efficiency of dairy farms in turkey: a case study of Hatay Province 

Parlakay, O.; Semerci, A.; Çelik, A.D. 

Custos e @gronegócio on line - v. 11, n. 3 – Jul/Set - 2015.                                         ISSN 1808-2882 
www.custoseagronegocioonline.com.br 
 

111

Table 4: Farm Characteristics according to returns to scale scores 

 No farms Number of 
Milk Cow 

Mean Herd 
Size 

Mean Output 
(Kg/Cow) 

Sub-optimal (irs) 85 4 9,6 4893 
Optimal (crs) 16 8 14,8 6334 
Super-optimal (drs) 37 5 12,5 6175 

 

This means that if the scale of 85 farms increase and the scale of 37 farms decrease, 

efficiency can be increased. In addition, characteristics of optimal, sub-optimal, and super 

optimal farms are provided in Table 4. As seen from the table, for the optimal farms mean 

number of milk cow, mean herd size, and mean output were 8; 15 and 6334 kg cow-1, 

respectively. 

In addition, excess input usage was analysed and shown in Table 5. Major excess was 

in veterinary costs input in 89 farms; human labour follows this. Veterinary costs of the farms 

sampled could be reduced by 29% and their human labour use by 12 %, while maintaining the 

same levels of production. Similar results were reported for dairy farmers in Turkey 

(veterinary costs by 22 %; Labour by 9 % (Dagistan et al., 2009). The reason for excess 

veterinary costs was farms producing on a smaller scale than sufficient income, farm size, and 

excess labour usage could be the surplus of family labour in the farm.  

 

Table 5: Excess input usage 

Input No farms Mean input 
waste 

Mean input 
use 

Excess input 
use (%) 

Concentrate feed (Kg) 42 203.82 2947.71 6.91 
Roughage feed(Kg) 40 216.82 2195.55 9.88 
Veterinary costs($) 89 48.01 168.05 28.57 
Human labor (h) 53 19.36 158.24 12.23 

 

For the inefficient farms, the inadequacies could have been caused by either 

misallocation of resources or inappropriate scale. The inappropriate distribution of recources 

refers to inefficient input combinations; while the inappropriate scale is an indication that the 

farm fails to take advantage of economies of scale (Alemdar and Oren, 2006). In this study, 

we obtained relatively high scale efficiencies; this indicates that improper input use was 

mainly the cause of efficiencies. 

We examined other factors which are thought to have an effect on VRS DEA technical 

efficiency of dairy farms (Table 6). 
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Table 6: Results of Tobit Regression Analysis 

 

*Significant at 1 % level 
 

  Previous farm specific efficiency scores were reverted to for the purpose of identifying 

sources of inefficiencies. Analysis showed that herd size, and concentrate feed ratio are 

statistically significant factors at the 1 % level; and have a positive effect, as expected, on 

technical efficiency (Table 6). This means that the increase in herd size will increase the 

efficiency of dairy farms. Farmer’s experience is a positive sign but this parameter is not 

statically significant at the 5 % level. Herd regeneration and farmer’s education level are a 

negative sign, and they are not statically significant at the 5 % level. 

 

4. Conclusions   

 

In this study, impact of practices in dairy farms is examined using DEA in the Hatay 

province of Turkey. Results of this study indicate that there are substantial production 

inefficiencies in the sampled dairy farmers. The dairy farmers, given the existing technology, 

could, on average, increase their production by 31 percent and enhance their competitive 

position if they could operate efficiently. Inefficiency stems from the fact that a certain 

amount of product can not be produced using the minimum input.  Major excess input usage 

was in veterinary costs and human labour. Herd size and concentrate feed ratio influence 

positively the technical efficiency of dairy farms. The increased herd size and concentrate 

feed ratio in total feed will enhance profitability. In addition, the increased herd size can 

decrease excessive veterinary costs and excessive labour usage. As a result, efficient 

production will prevent input waste.  
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