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Abstract

The purpose of the study was to analyze the technical efficiency of sheep farming using Data Envelopment Analysis
(DEA) in Isparta province in Turkey. The data used were collected from 80 farmers using the stratified sampling
method by means of a questionnaire. The technical efficiency of the sheep farming varied between 0.63 and 1.00.
The mean efficiency of farms was calculated to be 0.41 and 0.48 for constant and variable returns to scale
assumptions, respectively. The greatest slacks were defined as veterinary-drug costs and labour use. The most
significant factors affecting efficiency of sheep farming were education, family and hired labour, AU, milk yield per

sheep, age at separation (years) and number of lambs per sheep born (%).
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INTRODUCTION

Livestock activities are important for
balancing of the workforce and better usage of
main and by-products obtained with plant
production. In addition, livestock activities
provide optimal resource utilization and have
a positive impact on farm income [13].
Animal husbandry has an important function
in rural and economic development as well as
in balanced and healthy nutrition [4]. Sheep
breeding takes an important place among
animal production activities in the world.
Forage and pastures that are not used for other
purposes can be evaluated through sheep
production activity. The sheep transform the
natural vegetation in such areas to food such
as meat and milk to feed people. Sheep
benefit more poor forage than other farm
animals. Sheep also produce wool and leather
products such as those used in making
clothing items for people's lives [14].

One of the major problems of the sheep farms
in Turkey is that they are usually small family
farms. This situation affects the supply of
inputs and the use of technology negatively.
However, there are also advantages such as
small-scale enterprises can deal with the

production process more closely. Nowadays
Determination and comparison of the farm
performance become more important. The
most appropriate method for this comparison
is to determine the efficiency score [28].

The efficiency is defined as the degree of
reaching the targets and the relationship
between the desired goal and the actual goal.
It is important to distinguish between the
results and the outputs while focusing on the
efficiency. Measuring and evaluating results is
more difficult than evaluating the input or
output [19]. The efficiency allows
determining where the company is situated in
the current competitive market and shows
how well the output can be obtained from the
available inputs [36].

There have been many studies on animal
production related to Data Envelopment
Analysis. Toro-Mujica et al., (2011) [34] were
analysed production processes and economic
viability of farms in a traditional dairy sheep
farming community of Spain (Castilla-La
Mancha), and modelled their production and
quantifying  their  technical efficiency.
Theocharopoulos et al., (2007) [32] used data
envelopment analysis to determine the
effectiveness of sheep breeding enterprises in
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Greece. Theodoridis et al., (2012) [33] used
the data envelope analysis to determine the
technical efficiency of Sakiz sheep farming in
Greece. Many studies related to the efficiency
levels of dairy farms in Turkey has also done
[20, 23, 3, 24, 6, 7, 17, 25, 5, 29, 26, 28].
Ozden and Armagan (2014) [27] used data
envelopment analysis to determine the
efficiency of beef cattle farms. Sanal and Isik
(2014) [30] used data envelopment analysis to
determine the efficiency of bovine farms in
Erzurum province. Gul et al. (2016) [18] used
data envelope analysis to determine the
technical efficiency of goat farms in Isparta.
Thanks to Turkey's geographical structure and
the wide pastures are thought to have
significant potential for sheep breeding.
Recently, in Turkey and in the Isparta the
presence of sheep appears to be significantly
increased. Sheep number in Turkey is
approximately 23.1 million head in 2010 and
reached 33.7 million in 2017, with an increase
of 46%. Isparta Province shows a 129%
increase in the same period and reached 229
thousand sheep.

In this study, it is aimed to determine the
technical efficiency of sheep farms in Isparta
province. Data envelopment analysis, which is
a non-parametric method, has been used for
the technical efficiency. Tobit Regression
Analysis investigated the relationship between
the technical efficiency coefficients obtained
from the DEA and the selected socio-
economic variables in order to determine the
factors causing the inefficiency. It is hoped
that this study will provide useful data to
sheep  producers, policy makers and
researchers working on this issue.

MATERIALS AND METHODS

The main material of the study is obtained by
using the questionnaire from the sheep farms
in Isparta. It has also benefited from similar
work carried out by various individuals and
organizations. Survey data cover the
production period of 2017.

According to the information obtained from
Isparta Province Sheep & Goat Breeders
Association, the districts of Centre, Yalvag,
and Sarkikaraaga¢, are dominant in sheep
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breeding, so these districts were selected. All
the sheep farms in these districts are
constituted  the  research  population.
According to TUIK data, the selected districts
constitute approximately 67% of total sheep in
Isparta province. For this reason, it can be said
that the research region has the qualifications
to represent the sheep farming in Isparta
Province.

The number of samples representing the
population was calculated as 80 by using the
Neyman method [35]. The distribution of
selected enterprises by groups is given in
Table 1.

Table 1. Distribution of sheep farms according to the
animal numbers

Animal number Farm Percentage (%)
number

<100 23 28.75

101-200 22 27.50

201+ 35 43.75

Total 30 100.00

Source: Own calculation

Efficiency analysis

Efficiency is a concept that refers to the
proper use of resources without waste.
Technical efficiency is defined using the input
component in the most appropriate way and
the most successful output level [31].

In order to identify technically active unit
among the examined farms, technical
efficiency was calculated using Data
Envelopment Analysis (DEA) method. DEA
is a technique based on linear programming
principles and designed to measure the
relative effectiveness of farm or economic
organizations for transforming input into the
output referred to as "Decision-making Units"
in the literature [12]. The Data Envelopment
Analysis (DEA) does not impose any
functional form and can handle easily multiple
input and multiple output cases. Moreover, in
DEA applications inputs and outputs can have
very different units of measurement without
requiring any a priori trade-offs or any input
and output prices. These highly desirable
features provide this analysis become popular
among researchers [16].

Coelli et al., (1998) [11] explained efficiency
in two main ways. These are input-oriented
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and output-oriented criteria. The input-
oriented model of the Banker Charnes Cooper
(BCC) for decision-making units that produce
M output using K inputs with different inputs
is given below: [11, 12].

Min 0,1 6
limitations

-yi+YA>0
Bxi-XA>0
N1 '"2=1
A>0

Where 0 is a scalar value, N1’ is the constraint
for the convexity condition, and A is an N x 1-
dimensional vector. Y is the output matrix; X
represents the input matrix. The efficiency
scores of the farms are indicated by 0, which
takes a value between zero and one. This
linear programming model needs to be solved
for each farm separately. 6 value will be the
efficiency score for the farm i. This linear
programming problem must be solved
separately for each farm in the research
sample. According to Farrell's (1957) [15]
definition, the 6 wvalue indicates that it is
technically efficient. Coelli et al., (1998) [11]
and Coelli (1996; 1997) [9, 10] developed a
computer program that implements a robust
multi-stage  model among  multi-stage
methodology and other options.

In this study, four input and one output
models have emerged. In the analysis, gross
production value (GPV) per bovine unit
output was used. Milk and dairy products,
wool, fertilizer and productive value increases
were taken into account in the calculation of
GPV. The inputs used in the analysis are;
labour force (hour / AU), concentrate feed (kg
/ AU), roughage (kg / AU) and veterinary-
drug costs (TL / AU). The labour input
consists of the sum of foreign and family
labour hours per cattle unit.

RESULTS AND DISCUSSIONS

General information on interviewed sheep
farms is given in Table 2. The average age of
sheep breeders was 47.54 years, and their
education duration was 5.80 years and their

experience was 23.05 years in sheep farming.
In a similar study by Gil et al. (2016) [18],
the average age of the breeders was
determined as 50.51 years, their education
level as 5.18 years and their experience in
goat breeding as 25.33 years.

The average sheep stock in the farms was
found 183.49 heads (17.58 AU). The milk
yield per sheep was calculated at 0.44
liters/day and the average lactation period was
indicated 96.38 days. The grazing duration of
the cows were found to be 242 days per year.
In a study conducted in Konya province, it
was determined that the average grazing time
of sheep was 240 days [1].

The average planting area per farm is 5.02
hectares. The average planting area of the
forage crops was 4.64 hectare, it was
determined that 35.68% consisted of barley,
27.60% wheat, and 13.93% vetch. Feed plants
constitute 92.32% of the total processed area.
It was determined that 27.50% of the
producers surveyed used credits for sheep
farming. 40 per cent of the breeders use
credits from cooperatives and 93.75 per cent
from  Breeding  Sheep-Goat  Breeders
Association.

Table 2. General features of sheep breeding farms
Features Mean

Breeders age (year) 47.54
Breeders education level (year) 5.80
Breeders experience (year) 23.05
Sheep (head) 183.49
Sheep (AU) 17.58
Milk yield (It/sheep/ day) 0.44
Lactation duration (day) 96.38
Grazing duration (day) 242
Planted area (ha) 5.02
Forage crops area (ha) 4.64
Credit usage rate (%) 27.50
Cooperative membership (%) 40.00
Breeding Sheep-Goat Breeders 93.75

Association membership (%)

Source: Own calculation

Statistical data on the variables used in the
Data Envelopment Analysis is given in Table
3. The highest variability observed in the chart
is observed in 51.39% roughage intake
followed by 42.61% workforce, 41.85%
veterinary-drug expenditures and 24.47%
concentrated feed intake. Giil et al. (2016)
[18] determined that inputs showing the
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highest variability in goat breeding farms in
Isparta province are labour (hr / AU),

Table 3. Descriptive statistics of DEA variables

concentrate feed (kg / AU) and roughage (kg /
AU).

Variables Min Max Mean Std. Ev. Variation coefficient (%)
Output

GPV/AU 5177.23  10670.73 717830 1160.96 16.17

Input

Labour(hour/AU) 150.39 912.04 326.65 139.19 42.61
Concentrated feed(kg/AU) 361.27 1936.38 1078.81 264.03 24.47
Roughage(kg/AU) 260.15 4865.13 1170.14  601.34 51.39
Veterinary and drug expenses/AU 113.12 613.50 302.03 126.41 41.85

Source: Own calculation

The purpose of the input-oriented data
envelopment analysis is; the amount of input
used can be reduced proportionally without
producing a change for output produced. The
results of the analysis for the input are given
in Table 4. As seen in the table, it was found
that out of 80 sheep farms, except for 5 farms
(6.25%), the scale was below constant return
to scale and 13 farms (16.25%) were below
the variable return to the scale. The technical
efficiency scores of the sheep farms range
from 0.48 to 1.00. The average efficiency
score of researched farms was calculated as
0.69 under the assumption of fixed return on
the scale and 0.79 under the assumption of the
variable return to scale. In this case, it may be
the case that sheep farms reduce their inputs
by 21% without changing the output amount.
Among the 13 efficient sheep farms, 2 of
them are found in-group 1, one is in the group
2 and 10 farms are in the group 3. The
average activity of sheep farms in Greece by
Theocharopoulos et al. (2007) [32] was 0.54
under the assumption of the constant return to
scale and 0.66 under the variable return
assumption. In this case, it was stated that it
might be the case that the enterprises should
reduce the inputs by 24% while keeping the
output amount.

In a study conducted by Giil et al. (2016) [18],
the average activity of goat breeding farms
was calculated as 0.44 under the assumption
of the constant return to scale and 0.66 under
the variable return to scale assumption. It has
been found that sheep farms need to reduce
their inputs by 34% without reducing the
amount of output.
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Table 4. Input- oriented efficiency score results

Efficiency score CRS VRS SE
1.00 5 13 5
0.91-0.99 6 6 29
0.81-0.90 9 22 22
0.71-0.80 16 15 19
0.61-0.70 17 15 5
0.51-0.60 16 7 0
0.41-0.50 11 2 0
Min 0.41 0.48 0.63
Max 1.00 1.00 1.00
Mean 0.69 0.79 0.87

Source: Own calculation

Input losses and excessive input usage

The input losses due to the inefficiency of
sheep farms were calculated by subtracting
the targeted input usage amounts from the use
of existing inputs of the farms, which did not
provide efficiency in the production, in order
to realize an effective production activity. In
other words, the surplus labour, concentrate
feed, roughage and  veterinary-drug
expenditures of the ineffective farms in each
group are determined according to the
reference farms. It has been found that 25 of
the 80 sheep farms use 7.64% surplus labour,
15 sheep farms wuse 3.68%  surplus
concentrated feed, 8 of the sheep farms use
2.19% surplus roughage and 26 of the sheep
farms spend 8.78% surplus for the veterinary
and drugs (Table 5). In a study conducted by
Giil et al. (2016) [18] in Isparta province, it
was found that that 44 of the 92 goat farms
use 23.59% surplus labour, 60 goat farms use
28.85% surplus concentrated feed, 26 of the
goat farms use 15.58% surplus roughage and
30 of the goat farms spend 21.26% surplus for
the veterinary and drugs.
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Determination of causes of technical
inefficiency

The relationship between efficiency scores
and selected socio-economic variables was
investigated by Tobit regression in order to
determine the factors causing ineffectiveness.
In the analysis of Tobit, the variables such as
education level, total labour hour, number of
sheep as AU, milk yield (It / sheep / day), age
at which sheep were separated from the right
side (years) and number of lambs per breeding
sheep the effects on the technical efficiency
levels of the enterprises have been examined.
The coefficients obtained with the Tobit
regression are given in Table 6 together with
the standard error and p values.

The educational status of the breeders is
represented by a dummy variable. Number 1
represented those with a level of education of
8 years and over and the others were
represented by number 0. Findings show that
as the education level increases, the
effectiveness of farm increases and it is
statistically significant (p <0.05). However,
some researchers have stated that there is a
negative relationship between educational
level and effectiveness [21, 2, 8, 22, 29]. Giil
et al. (2016) [18] found that there was a
positive relationship between the level of
education and efficiency in their study.
However, this was not statistically significant
(p> 0.10).

Table 5. Input losses and excessive usage

The labour was represented by the total
annual time of the family and foreign labour.
According to the results of the regression, the
decrease of the coefficient shows that the
efficiency decreases with increasing the
labour utilization and this result is statistically
significant (p <0.01). (Giil et al., 2016) [18],
there was a negative relationship between the
labour and the efficiency and statistically
significant (p <0.01).

According to the obtained results, sheep
number as animal unit affects the efficiency of
the farms and this was found statistically
significant (p <0.01). Another result of the
research is that the milk yield (It / sheep/day)
increases the efficiency of the farm and this
result is statistically significant (p <0.10). Giil
et al. (2016) [18] found that there was a
positive relationship between milk yield per
goat and efficiency of the farm and their
finding was statistically significant (p <0.01).
Milking duration / separation from the
milking of the sheep was included as a year to
the model. The results showed that the
efficiency decreased with increasing the age
of separation from the milking, and this result
was statistically significant (p <0.01).
Regression analysis results showed that the
efficiency increased as the calving rate per
sheep (%) increased, and this finding was
statistically significant (p <0.01).

Number of Average input Average input Excessive input usage
Input farms losses usage (%)
Labour (hour/AU) 25 25.05 326.65 7.64
Concentrated feed (kg/ AU) 15 39.74 1,078.81 3.68
Roughage (kg/ AU) 8 25.60 1,170.14 2.19
Veterinary and drug expenses (TL/ AU) 26 26.52 302.03 8.78
Source: Own calculation
Table 6. Results of Tobit regression analysis
Variable Coefficient Std. Error z-value p-value
Constant 0.255379 0.170879 1.494500 0.1350
Education 0.058504 0.028101 2.081925 0.0373*
Labour -6.758645 1.480359 -4.565543 0.0000%**
AU 0.019677 0.002444 8.051922 0.0000%*%**
Milk yield (It/sheep/day) 0.279166 0.147005 1.899026 0.0576*
Milking duration / separation from the milking (year) -0.050281 0.018177 2766175 0.0057%%**
The calving rate per sheep (%0) 0.005679  0.001030  5.512388  0.0000%**

Source: Own calculation
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CONCLUSIONS

It was found that out of 80 sheep farms,
except for 5 farms (6.25%), the scale was
below constant return to scale and 13 farms
(16.25%) were below the variable return to
the scale. The technical efficiency scores of
the sheep farms range from 0.48 to 1.00. The
average efficiency score of researched farms
was calculated as 0.69 under the assumption
of fixed return on the scale and 0.79 under the
assumption of the variable return to scale. In
this case, it may be the case that sheep farms
reduce their inputs by 21% without changing
the output amount.

It has been found that approximately 31 % of
the sheep farms use 7.64% surplus labour,
19% of the sheep farms use 3.68% surplus
concentrated feed, 10% of the sheep farms use
2.19% surplus roughage and 33% of the sheep
farms spend 8.78% surplus for the veterinary
and drugs. Especially veterinary-drug
expenditures and labour costs are drawing
attention in the input losses. It is suggested for
breeders to take collective services by
combining with other farms instead of
receiving individual veterinary services that in
order to reduce the veterinary-drug costs. The
need for an active producer organization is
better understood when farms are in small-
scale. It 1s recommended that more
technological improvements are needed to
optimize the use of the family labour or
foreign labour.

According to Tobit regression analysis, the
education level (p <0.05), total labour hours
(p <0.01), number of sheep in terms of AU (p
<0.01), milk yield (It / sheep / day) 0.10),
milking duration / separation from the milking
(year) (p <0.01) and the calving rate per sheep
(%) (p <0.01) affect the efficiency of the
farms and these were found statistically
significant. It was found that the training
levels of producers should have a positive
effect on the farm efficiency. Therefore, it has
concluded that training and extension services
are important. Keeping high yielding breeds
of sheep in farms appropriate to the regional
conditions will also increase the efficiency
levels.
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