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Abstract 
This study aimed at evaluating the performance of sampled dairy farms using farm level technical and scale input 
oriented efficiencies. To achieve the objective of the study Data Envelopment Analysis (DEA) was used to analyze 
data collected from 120 dairy farms in Jordan. Scale efficiency scores were estimated using constant return to scale 
and variable return to scale DEA models. The results revealed that the sampled farms were not operating at an 
optimal size. On average, the scale efficiency estimated at approximately 0.66, indicating scale-inefficiency under 
both constant returns to scale and variable returns to scale. This inefficiency indicates that the sampled dairy 
producers were overusing inputs to produce their level of output. To increase scale of operation dairy farmers in 
Jordan should increase the overall degree of technical efficiency. Extension services can assist in identifying the 
best management practices on how to improve farms technical efficiency. 
Keywords: scale efficiency, optimal scale, dairy farms, frontier production functions, data envelopment analysis 
1. Introduction 
Jordan is a developing country in which dairy farming considered very important among other livestock 
production sectors. In Jordan, the number of dairy farms is 628 with a capacity of 67590 heads; family operates 
most of these farms. They are with a small scale (Alsharafat, 2013). The average number of heads per farm is 108. 
The dairy sector contributes more than 50% of total livestock production in the country. According to the records 
of the Ministry of Agriculture in 2011, dairy farms provide nearly 77% of the total quantity of fresh milk in the 
country. Dairy farms in Jordan produced a quantity of 238569 Metric Tons (MT) of fresh milk with a value of 
132,307,431 USD out of 306936 MT produced in that year (Ministry of Agriculture or MoA, 2011). These farms 
also produced another important product, which is organic fertilizer. The quantity of organic fertilizer produced by 
dairy farms in the country in the year 2011 was nearly 36500 MT with a value of 501,347 USD (MoA, 2011). 
In developing countries, it is very important to measure the efficiency of agricultural production. This 
measurement is useful for agricultural production policies (Russell & Young, 1983). Many studies investigated the 
efficiency of dairy farms; these include Fraser and Coridna (1999), Mbaga et al. (2002), and Dalton (2004).  
Based on Farrell (1957) analysis, methodologies of efficiency measurement such as the parametric Stochastic 
Frontier Analysis (SFA) and the non-parametric Data Envelopment Analysis (DEA) were developed (Aigner et al., 
1977； Charnes et al., 1978). To compare these two methodologies of efficiency measurement, DEA methodology, 
which was adopted in this study, does not need a functional form of the production frontier that its specification 
may lead to biased results as Brnes (2006) noted. DEA has been widely used in dairy farms efficiency studies 
(Jaforullah & Whiteman, 1999; Latruffe et al., 2005; Barnes, 2006; Minh & Long, 2009; D’Haese et al., 2009). 
DEA method originally proposed by Charnes et al. (1978). It employs linear programming to estimate the most 
efficient production frontier. The present study makes use of this non-parametric DEA to estimate the efficient 
frontier because any priori specification of the functional form of the production function is not required (Seiford 
& Thrall, 1990; Kalaitzandonakes et al., 1992). Another important reason is that the knowledge of the relative 
prices of inputs and outputs is not necessary when different measurement units of these inputs and outputs are used 
(Callens & Tyteca, 1999). Major disadvantage of DEA is that the separation of inefficiency term from the 
stochastic noise is not possible (Wilson, 1995; Coelli et al., 2005). This problem arises because DEA does not 
contain an error term and therefore attributes all measurement error to inefficiency. The solution is by using 
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bootstrapping techniques to establish a confidence interval of efficiency (Simar & Wilson, 2007). DEA is a 
technique for measuring efficiency of a set of similar units, usually referred to as decision-making units or DMUs 
(Banker, 1984). 
Scale efficiency measures the optimality of the firm’s size. It is a measure related to the returns to scale in the 
production process (Forsund & Hjalmarsson, 1979). It measures for a mix of inputs how a maximum output 
attained or how the firm is close to the optimal scale (Fried et al., 2008). Using DEA technique, scale efficiency 
could be calculated by dividing the technical efficiency estimated under constant return to scale (CRS) by 
technical efficiency estimated imposing variable return to scale (VRS). As noted by Fare et al. (1994), the nature of 
returns to scale can be measured using scale efficiency measure for any decision-making units or DMU. 
The present study aimed at using the input orientated DEA model under the assumptions of CRS and VRS to 
measure the scale efficiency of dairy farms in Jordan. Scale efficiency of the sample dairy farms was investigated 
to allow estimation of an optimal size for a dairy farm in Jordan. DEA Frontier Software (DEA Frontier) was used 
to achieve the goals of the study in estimating the efficiency scores. This software uses Excel Solver as the engine 
for solving the DEA models (Zhu, 2009). 
The present study covered the period from April 2011 to January 2012. Department of Statistics (DOS), Ministry 
of Agriculture (MOA), and the Agricultural Directorates (AD) in each governorate and other related sources were 
the secondary data sources for this study. 
2. Materials and Methods 
2.1 Sample and Data 
The sample size was determined as a percentage of the total number of dairy farms in the country. Because the 
population of dairy farms is small, it is appropriate to consider a sample size of 20% of this population as a 
representative sample. Total number of 126 dairy farms was chosen to be surveyed. The sample was distributed 
among the whole country according to the total number of dairy farms in the three areas of the country (North, 
Middle, and South). Table 1 shows the number of dairy farms and percentages in country areas. The sample 
individual farms were randomly selected. Table 2 shows the distribution of the sample according to country areas. 
The surveyed farms were categorized to groups according to size based on number of dairy cows. Table 3 shows 
the sample according to size criterion.  
The data was collected through personal interviews with farmers included in the sample. A structured 
questionnaire was designed to obtain information from interviewed farmers about capital, cow number, energy, 
labor, fodder, and veterinary services and drugs, and total amount of milk produced. Only 120 questionnaires out 
of 126 were considered. Six questionnaires were cancelled due to precession and lack of information reasons.  

 
Table 1. Number of dairy farms and percentages in the country areas 

Area Number of Dairy Farms Percentage (of total)

North 289 46% 
Middle 320 51% 
South 019 03% 
Total 628 100% 

Source: Alsharafat, 2013. 
 
Table 2. Distribution of the sample according to country areas 

Area Number of Surveyed Farms Percentage (of sample) 

North 55 46% 
Middle 61 51% 
South 04 03% 
Total 120 100% 

Source: Calculated by the researcher based on source in Table 1. 
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Table 3. Sample according to group size 

Group No. of dairy cows No. of Surveyed Farms Percentage from Total Farms 

1 1 – 25 68 57% 
2 26 – 50 39 33% 
3 51 – 75 8 6% 
4 > 75 5 4% 

Total  120 100% 

Source: Survey results. 

 
2.2 Analytical Framework 
Data Envelopment Analysis (DEA) technique was used for estimation of scale efficiency scores. The performance 
with regard of size of a set of peer entities called Decision Making Units or DMUs (the dairy farms in the present 
study) was evaluated by DEA. All efficiency scores in DEA range between 0 and 1 and lower scores indicate lower 
efficiency. The main aim is to measure the optimality of the farm’s size. In DEA, the estimated frontier envelopes 
the input/output data of the most efficient decision making units (DMU), each farm in the analysis, consequently 
those DMU lying on the frontier are referred to as technically efficient with a score of 1, while those below the 
frontier are regarded as inefficient, with a score of less than 1. According to the orientation chosen, two types of 
DEA models can be distinguished; the input-oriented and the output-oriented models. The input-oriented model 
indicates the potential proportional reduction in input usage, with output levels held constant, and the 
output-oriented models indicates the potential proportional increase in output production, with input levels held 
fixed, (Coelli et al., 2005). Charnes et al. (1978) model was an input orientated model in which inputs minimized 
and inefficiencies calculated in terms of the inputs. This procedure was followed in this study. This procedure is 
usually followed to achieve maximum feasible reductions in input quantities given input prices and output (Narges 
et al., 2011). Also, this procedure is followed because farmers typically have more short-term control over their 
input than output decisions (Battese and Coelli, 1992). The use of input oriented DEA models are more appropriate 
to reduce inputs consumed in the production process (Malana & Malano, 2006; Chauhan et al., 2006). Calculation 
of scale efficiency (SE) assumes the calculation of technical efficiency (TE) measures. Technical efficiency scores 
can be obtained by running constant returns to scale (CRS) DEA model to achieve total or overall technical 
efficiency (TECRS) and variable returns to scale (VRS) DEA model to achieve pure technical efficiency (TEVRS). If 
there is a difference between the scores of technical efficiency under CRS and VRS for a certain farm, the 
difference indicates that a farm is scale-inefficient. Scale efficiency measure can be calculated by dividing the total 
technical efficiency by pure technical efficiency:  

SE = TECRS/ TEVRS  
If SE = 1, then a farm is scale-efficient, its combination of inputs and outputs is efficient both under CRS and VRS 
and the farm is operating under increasing returns to scale. If SE < 1, then the combination of inputs and outputs is 
not scale-efficient and the farm is operating under decreasing returns to scale.  
Used for comparative efficiency analysis, DEA method involves enveloped surfaces (efficient frontier) and 
efficient observations of decision-making units (DMUs). Figure 1 shows the overall technical efficiency (OTE), 
pure technical efficiency (PTE) and scale efficiency (SE). Total or overall technical efficiency (OTE) or (TECRS), 
pure technical efficieny (PTE) or (TEVRS), and scale (SE) can be calculated as follows: 

TECRS = PM/PD 
TECRS = PR/PD  
TECRS = PM/PR  
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Table 4. Descriptive statistics for the sample during study reference period 

Inputs Mean Standard Deviation 
Capital (JDs) 68579.5 31205.8 
Cow number 27 13.1 
Energy Cost (JDs) 1800 857.3 
Labor Cost; family & hired (JDs) 3225 1489.8 
Fodder Cost (JDs) 39877 17850.6 
Veterinary Services Cost (JDs) 1250 587.7 
Output   
Milk (kg) 4867.3 1987.8 

Source: Survey results. 
 
3. Results and Discussion 
The main objective of this study was to determine the levels of scale efficiency on a sample of Jordanian dairy 
farms using DEA technique. Farm level technical and scale input oriented efficiencies were calculated according 
to the DEA methodology mentioned above. A summary of the results on the overall technical efficiency (TECRS), 
pure technical efficiency (TEVRS), and scale efficiency (SE) are presented in Table 5. 
 
Table 5. Technical and scale input oriented efficiencies of the investigated farms 

Group TECRS
1 TEVRS

2 SE3  

1 0.287 0.394 0.728 
2 0.207 0.315 0.657 
3 0.196 0.304 0.644 
4 0.181 0.298 0.607 
Average 0.217 0.328 0.659 

1 Overall technical efficiency, 2 Pure technical efficiency, 3 Scale efficiency. 
 
The results shown in Table 5 indicates that on average the investigated farms were technically inefficient either 
under constant returns to scale or under variable returns to scale highlighting a potential for them to improve their 
level of technical efficiency. This inefficiency indicates that dairy producers were overusing inputs to produce 
their level of output. The results also reveal that the investigated farms are scale-inefficient since SE < 1 for all 
farms; this indicates that the combination of inputs is not efficient and the farms are operating under decreasing 
returns to scale. The results in Table 5 shows that farms in group 1 are the most efficient farms with respect to farm 
size in spite of the fact that all the farms were scale inefficient. Group 1 (1-25 cows) is the smallest. Most of the 
dairy farms in Jordan are family operated production units with a small scale (Alsharafat, 2013). This is the reason 
that more than half of the surveyed farms (57%) in this study were small with less than 25 heads. In this group, 
inputs are better allocated due to fewer operations and less costs needed to accomplish these operations. Under 
constant returns to scale (CRS) the mean technical efficiency score across the 120 farms was 0.217 ranging from a 
minimum of 0.181 for group 4 to a maximum of 0.287 for group 1. Under variable scale to returns (VRS), the mean 
technical efficiency score was 0.328 ranging from a minimum of 0.298 for group 4 to a maximum of 0.394 for 
group 1. Hence, the technical efficiency scores under VRS were on average higher than those under CRS. The 
differences in mean efficiency scores under the two different returns to scale assumptions highlight that scale 
inefficiency was present. All the sampled farms were scale-inefficient under both CRS and VRS. Technical 
inefficiency under both CRS and VRS is partly because these farms operate at an inefficient scale. As shown in 
Table 5, the technical efficiency is higher with decrease in farm size indicating scale efficiency. An increase in 
farm size is a principal mean of action the farm manager has at his disposal for enhancing the technical efficiency 
of his farm. The positive effect of farm size on technical efficiency highlights the existing resource-saving 
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potential that results from scale effects. Many authors found at least a slightly positive relationship between 
efficiency and farm size (Heshmati & Kumbhakar, 1997; Wilson et al., 1998; Helfand & Levine, 2004).  
4. Conclusions 
The study aimed at calculating farm level technical and scale input oriented efficiencies according to the DEA 
methodology. The results showed that all the sampled farms were scale-inefficient under both constant returns to 
scale and variable returns to scale. Data Envelopment Analysis (DEA) technique estimation of scale efficiency 
scores showed that on average the majority of Jordanian dairy farmers during the study reference period were not 
operating at maximum scale efficiency and have a marked potential to improve. In other words, they were 
inefficient producers with the size of their farms. Scale inefficiency was a significant contributor to the technical 
inefficiency experienced by farms. If dairy farms in Jordan were to increase their scale of operation, the overall 
degree of technical efficiency should increase. Farm extension services providers can assist in identifying the best 
management practices and give advice to farmers on how to improve their technical efficiency. 
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