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Assessing the Efficiency of Sheep Farming
in Mountainous Areas of Greece.
A Non Parametric Approach

Panos Fousekis, Pavlos Spathis and Konstantinos T simboukas”

Abstract

The objective of this paper is the measurement and decomposition of the overall
efficiency of sheep farming in mountainous areas of Greece. To this end, both a
Constant Returns to Scale (CRS) and a Variable Returns to Scale (VRS) DEA
model has been applied to a sample to 101 farms located in the mountainous ar-
eas of Epirus, Sterea, and Thessaly. The empirical results suggest: a) the aver-
age overall efficiency ratio in the sample is about 80 percent; b) the pure techni-
cal and the scale efficiency are of almost equal importance in the determination
of the overall efficiency. Therefore, CRS DEA models will tend to underestimate
systematically the level of pure technical efficiency, c) there are differences in
the overall efficiency ratios across the three regions stemming mainly from dif-
ferences in pure technical efficiency.
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Introduction

The neoclassical theory of the firm suggests that market competition will
force optimizing producers to utilize resources in the most efficient way. In real-
ity, however, a process such as this works slowly and, thus, there may be some
opportunity for “free lunch”, that is, opportunity for input savings without output
reduction. This explains why the measurement of efficiency has been the focal
point of numerous theoretical and empirical works in economics (e.g. Charnes,
Cooper, and Rhodes, 1978; Kopp, 1981; Battese and Coelli, 1988; Bauer, 1990;
Bera and Sharma, 1999).

There are two general approaches to measuring efficiency, namely, the para-
metric and the non parametric. The former require explicit assumptions about the
functional form which relates inputs and outputs and about the distribution of the
error terms (Jondrow et al., 1982). The non parametric methods, in general, and
the Data Envelopment Analysis (DEA), in particular, do not impose any func-
tional form and can handle easily multiple input and multiple output cases.
Moreover, in DEA applications inputs and outputs can have very different units
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of measurement without requiring any « priori tradeoffs or any input and output
prices. Given these highly desirable features of the non parametric methods, it is
not surprising that they have recently become very popular among researchers
(e.g. Neff, et al., 1993; Sharma, et al., 1997; Piot-Lepetit, et al., 1997; Townsend,
et al., 1998; Shafiq and Rehman, 2000).

It appears that, to date, there have been only two applications of DEA to the
agricultural sector in Greece. Phychoudakis and Dimitriadou (1998) estimated
technical efficiency (TE) for dairy farms located in Central and Western Mace-
donia, during 1990-91. Karagiannis and Galanopoulos (2000) estimated technical
efficiency (TE) for sheep farms located in Epirus, during 1998-99. Both studies
reported high rates of TE (above 89 percent).

A potential limitation of the two aforementioned works is that they assume
constant returns to scale (CRS). If that assumption is true, the application of the
CRS DEA model will lead to correct estimates of technical efficiency. However,
if returns to scale are increasing or decreasing the CRS DEA model will actually
yield estimates of the overall efficiency (which is the product of pure technical
and scale efficiency). In other words, the CRS DEA will underestimate the true
pure technical efficiency (Thanassoulis, 2000). At the same time, the CRS DEA
will provide no information on scale inefficiency and its causes (increasing or
decreasing returns). Such information is certainly necessary for policy formula-
tion.

The objective of the present paper is the measurement of technical and scale
efficiency of sheep farming in mountainous areas of Greece. To this end, a modi-
fied DEA approach is applied to 101 farms located in mountainous areas of
Epirus, Sterea, and Thessaly during 1997. In what follows, Section 2 describes
the DEA method, and Section 3 discusses the data. Section 4 presents the em-
pirical results, while Section 5 offers conclusions.

Mathematical Formulation

Suppose that there are n firms to be evaluated. Each firm produces s different
outputs using m different inputs. Let Xy be the observed level of the ith input
(i=1,2,....,m), and Vi be the observed level of the rth output (r=1,2,....,s) for

the jth firm (j =1,2,......, n) . Charnes, Cooper, and Rhodes (1978) suggested that

the technical efficiency for firm j; can be obtained as the solution to the follow-

ing mathematical programming problem (known as CCR primal)
1) Min wy
subject to

n
(2) woxig= Y Ay i=12 m
=
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n
(3) zljJ’rj >y.00 7" 12 .5
j=1

4) 2,20

In above, Wyis the measure of TE. Hence, the maximum possible radial
reduction in all inputs while keeping at least the same level of output, is 1—wy.

A j are intensity variables identifying the peer group for the firm , that is, other

firms in the sample which for the same set of virtual weights are more efficient
than j; (Charnes and Cooper, 1985).

Model (1) to (4) is based on the assumption of constant returns to scale
(CRS), implying that firm size does not matter for efficiency. The CRS assump-
tion, however, is only appropriate when all firms are operating at the optimal
scale. Using the CRS specification when a number of firms experience variable
returns to scale (VRS) results in TE measures which comprise both pure techni-
cal efficiency and scale efficiency (Coelli, et al., 1998).

Banker, Charnes, Cooper (1984) and proposed a modification of the CRS
DEA to account for VRS. This involves adding the convexity constraint

5) D 4;=1
j=1

to the CCR primal model. The proposed approach forms a convex hull of inter-
secting planes which envelop the data points more tightly than the CRS conical
hull providing, thus, technical efficiency scores which are greater than or equal
to those obtained using the CRS DEA. In essence, the convexity constraint en-
sures that an inefficient firm is only “benchmarked” against firms of similar size,
while in the CRS DEA a firm may be benchmarked against firms which are sub-
stantially larger (smaller) than it.

Figure 1 illustrates the CRS and the VRS DEA boundaries using a one input-
one output technology example. Under the CRS, the technical inefficiency for
point P is the distance PC, while under the VRS it is the distance PV. The differ-
ence between the two is due to scale inefficiency.

Let W; be the solution of the VRS DEA model. Then, scale efficiency meas-

ure is

(6) SE==¢
"o

which implies

(1) wo = (wo)(SE)
(Thanassoulis, 2000).
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The last relation decomposes the overall efficiency (W) into pure technical

efficiency (Wg)and scale efficiency (SE). The scale efficiency measure, in

turn, can be roughly interpreted as the ratio of the average productivity at the
point on the VRS boundary to the average productivity at point of the technically
optimal scale (Coelli et al., 1998). In terms of Figure 1, scale efficiency is the
ratio of the average productivity at V to the average productivity at R.

Y

CRS Boundary

VRS Boundary

Figure 1. DEA CRS and VRS Boundaries X

The nature of scale inefficiency can be of two types. First, a firm is too small
and belongs to the section of the frontier where increasing returns to scale pre-
vail; second, a firm it is too large and belongs to the section where decreasing
returns to scale prevail. The type can be identified from the solution of the CRS
DEA model. Specifically, when i A =1 the scale for a firm is too large,

j=l
while i A;<1 the scale of a firm is too small. Firms for which i A, =1are
j=1 j=1
operating at the most productive scale (Cooper, Seiford, and Tone, 2000).
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The Data

The 1997 data set of the Farm Agricultural Data Network (FADN) - from
which the information for the empirical analysis comes from - contains 200
sheep farms located in mountainous and disadvantaged regions throughout
Greece. The construction of a representative DEA best practice frontier, how-
ever, requires that the farms in the sample operate under common environmental
and biological constraints. The sheep production systems in the mountainous ar-
eas of Epirus, Sterea, and Thessaly are semi-extensive (relying on communal and
private grazing grounds and having high labor and low capital requirements).
The climatic conditions in the three areas are very similar. Moreover, the basic
sheep species in these areas is Viahiko (a very well adapted one to the geographi-
cal configuration and to the environmental conditions). In the FADN data set 49
farms are located in Epirus, 29 in Sterea, and 23 in Thessaly. These 101 farms
are used here for the empirical analysis.

The production technology is specified as a two-output and five-input one.
Outputs are meat and milk, while inputs are labour, capital, purchased feedstuff,
farm produced feedstuff, and animal stock (herd size). The capital input includes
machinery and structures in 1997 prices. Table 1 presents descriptive statistics
for the inputs and the outputs.

Table 1. Descriptive Statistics of the Data*

Outputs Inputs
Milk | Meat | Labour | Purchased | Farm Produced | Herd | Capital
Feedstuff Feedstuff Size
Average | 18177 1664| 4720 2098 860 165 9480
SD 10799 | 933 2254 1662 1044 95 8185

* QOutputs are measured in kg. Labour is measured in Annual Average Units (AWA), while herd is
the number of animals. The remaining inputs are measured in 1000 GRD; SD: Standard Deviation.

The Empirical Results

Table 2 presents information on the distribution of efficiency (overall, pure
technical, scale) for the farms in the sample. The average level of overall effi-
ciency is 0.823 suggesting that almost 18 percent cost savings would be possible,
provided that the farms followed the best observed practice and -at the same
time- they operated at the most productive scale. The average level of the pure
technical efficiency is 0.893 implying that radial reductions in all inputs by 11
percent would be possible, holding the output levels constant. The efficiency es-
timates obtained under the CRS and VRS hypotheses are quite different. For ex-
ample, from the 43 farms which are technically efficient, 21 (=43-22) are not
scale efficient. On average, pure technical efficiency exceeds overall efficiency
by 7 percentage points. These results suggests that the CRS hypothesis, under
which the sheep farms operate at the most productive scale, is not compatible
with real world data since part of the estimated inefficiency under CRS is actu-
ally scale inefficiency. The average level of scale efficiency is 0.922 implying
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that 8 percent cost savings would be possible, provided that the farms operated at
the most productive scale. The empirical results therefore indicate that pure tech-
nical and scale efficiency are almost of equal importance in the determination of
the overall efficiency.

As explained in Section 2, scale inefficiency arises both from too small farms

and from too large farms. From the sum of the intensity variables (As)

corresponding to each individual farm it appears that 60 percent of them are
operating under increasing returns to scale. For these farms, increase in size is
required to achieve cost savings. 21.8 percent operate under constant returns,
while only 17.8 percent operate under decreasing returns to scale. The small farm
size has been cited by many researchers as one of the most important structural
problems of the agricultural sector in Greece as a whole (e.g. Papageorgiou and
Spathis, 2000). The DEA approach indicates that sheep farming in the mountain-
ous areas of Greece is not an exception to the general rule.

Table 2. Efficiency Distribution in the Sample
Overall Efficiency

Average: 0.823

Standard Deviation: 0.16

Overall Efficiency 1 [0.9.1) | [0.8,0.9) | [0.7,0.8) | [0.6,07) | <0.6

Percentage of Farms 21.8 15.8 18.8 15.8 18.8 8.9

Pure Technical Efficiency
Average: 0.893
Standard Deviation: 0.13

Pure Technical Efficiency 1 [0.9,1)] [0.8,0.9) | [0.7,0.8) | [0.6,0.7) | <0.6
Percentage of Farms 426 178 12.9 14.9 7.9 4
Scale Efficiency

Average: 0.922
Standard Deviation: 0.101

Scale Efficiency 1 [09,1) | [0.8,0.9) | [0.7,0.8) | <0.7

Percentage of Farms 21.8 49.5 15.8 6.9 59

In the empirical works on technical efficiency, a standard exercise involves
the identification of factors affecting its level. In the relevant literature, several
such factors have been proposed. These include age, education and experience,
input usage and/or other farm characteristics (e.g. Battese and Coelli, 1995;
Huang and Liu, 1994; Sharma et al., 1997). The estimated efficiency levels are
typically regressed on such factors. A positive coefficient implies that the factor
in question works towards raising technical efficiency. Unfortunately, the FADN
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data set does not provide information on personal characteristics of farmers. The
lack of such relevant information in a regression model may result in biased and
inconsistent estimates (specification error). Therefore, this paper, instead of es-
timating a potentially spurious regression presents a number of simple correla-
tion coefficients between pure technical efficiency levels and farm characteris-
tics. Since the correlation coefficients, however, are partial measures of associa-
tion they must be interpreted with caution especially because the economic the-
ory does not really provide any guide on the factors which may affect pure tech-
nical efficiency.

Table 3 presents correlation coefficients and the respective t-statistics (Kintis,
1994) with the typical gross margin, with the contribution (in percentage terms)
of subsidies to the farm family income, with the contribution (in percentage
terms) of milk to the total gross revenue from sales, and with the ratio of the
farm produced to the purchased feedstuff.

Table 3. Correlation Coefficients of Technical Efficiency Levels with Certain
Farm Characteristics

Farm Characteristics Empirical t-statistic
Value
Typical Gross Margin -0.19 -2.01*
Subsidies to Total Farm Family Income (%) -0.21 -2.18*
Value of Milk to Gross Sales Revenue (%) 0.027 0.29
Value of Farm Produced Feedstuff to Value 008 2.99%
of Purchased Feedstuff (%) ' '

* statistically significant at the 5 percent level

The typical gross margin here represents the farm size. Several authors in
(e.g. Sen, 1962; Berry and Cline, 1979; Binwanger et al., 1993) have reported
evidence that smaller farms tend to attain higher efficiency levels than larger
farms. Evidence, however, for the opposite is also available mainly for dairy
farms (e.g. Hallam and Machado, 1996; Lund et al., 1993). The contribution of
subsidies to farm family income has a negative correlation coefficient with tech-
nical efficiency suggesting that subsidies may work towards lower technical effi-
ciency levels. A possible reason for this is that subsidies distort market signals.
The “orientation” of farms to milk production does not seem to have any statisti-
cally significant association with the technical efficiency levels. Finally, the ratio
of the farm produced to the purchased feedstuff has a negative association with
technical efficiency. This may be an indication that farmers do not evaluate
properly the former since they do not purchase them in the market.

Figure 2 presents the distribution of pure technical efficiency across the three
study regions. In Epirus more than 70 percent of the farms have technical effi-
ciency levels above 0.9, compared to 58 percent in Sterea, and only 34 percent in
Thessaly. As a result, the average level of pure technical efficiency in Thessaly
(0.82) is almost 10 percentage points below those in Epirus and Sterea. Figure 3
presents the distribution of scale efficiency across the three study regions. In
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Thessaly, almost 80 percent of farms have scale efficiency levels above 0.9 com-
pared to 68 percent in Sterea and 69 percent in Epirus. The average scale effi-
ciency in Thessaly is 93.4 percent, in Epirus 92.2 percent, and in Sterea 91.3 per-
cent.

These results may be explained in the light of the association between farm
size and pure technical efficiency reported above. In the Thessaly, the average
typical gross margin, measured in Economic Size Units (one Economic Size Unit
equals 1200 EURO) is 12.8 compared to 9 in Epirus and 10 Sterea. Also, the av-
erage herd size in Thessaly is 220, compared to 130 in Sterea, and 170 in Epirus.
Given the negative correlation coefficient between farm size and pure technical
efficiency one expects that Thessaly will have the lowest pure technical effi-
ciency levels. At the same time, the higher farm sizes in Thessaly result into
higher scale efficiencies relative to the other two regions.
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Figure 2. The Distribution of Pure Technical Efficiency Across Regions

70

60 -

50 A

[al Sterea
[ Epirus
30 A H Thessaly

40

20 A

Percentage of Farms
(%)

<0.7 [0.7,0.8) [0.8,0.9) [0.9, 1) 1
Scale Efficiency

Figure 3. The Distribution of Scale Efficiency Across Regions



August 2001, Vol. 2, No2 13

Figure 4 presents the distribution of overall efficiency across the study re-
gions. Epirus has the highest overall efficiency (84.35 percent), followed closely
by Sterea (83.54 percent). Thessaly, however, has an overall efficiency level of
only 76.17 percent, due to the relative poor performance in terms of pure techni-
cal efficiency.
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Figure 4. The Distribution of Overall Efficiency Across Regions

Conclusions

The objective of the present paper has been the assessment of overall effi-
ciency of sheep farming in mountainous areas of Greece and its decomposition
into pure technical and scale efficiency. This has been pursued by applying both
the VRS and the CRS DEA models to a sample of 101 FADN farms located in
Epirus, Thessaly, and Sterea. The empirical results suggest:

a) The pure technical and scale efficiency are almost of equal importance in
the determination of the overall efficiency. Therefore, DEA models of the sector
which rely on the assumption of a constant returns to scale technology are likely
to underestimate the true level of pure technical efficiency.

b) The scale inefficiency stems mainly from too small farms (that is, farms
operating under increasing returns to scale).

¢) The average overall efficiency for farms in Epirus and Sterea are above 80
percent, while the overall efficiency for farms in Thessaly is below 80 percent.
This must be attributed to the fact that pure technical efficiency in Thessaly is
relatively low.

d) The farm size, the subsidies, and the high usage of on farm produced feed-
stuff have negative and statistically significant associations with the level of pure
technical efficiency.
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Since the small scale of operations does have an influence on the overall effi-
ciency, investment assistance (provided in the past on the basis of the EU Regu-
lation 2328/91, superseded now by the EU Regulation 1257/99) is likely to work
towards higher overall efficiency levels in sheep farming. Pure technical effi-
ciency can be improved through well-organized education and extension pro-
grams along with public and private research and development programs. Fi-
nally, the drive to liberalization may play a role through imposing the market
discipline to producers.

The present paper examined only technical efficiency. An extension to the
measurement of allocative efficiency is certainly warranted. A major problem
has been that the FADN data set does not contain reliable information on the
prices of all inputs, something that is necessary for such type of analysis.
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