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Abstract
Sheep farming is considered to be one of the most dynamic sectors of the rural economy. Nevertheless, the operation of sheep farms presents several 
weaknesses, which are probably due to the relatively short period during which the sector has become systematised and has developed on a business 
basis. One of the most important problems facing this sector is the high production costs, which affect its competitive profile. This paper studies the 
potential of restructuring and promoting the business growth of sheep farms, by reducing their production costs. As an application of the proposed 
methodology, we used economic data from 110 Greek sheep farms. More specifically, through the application of principal component analysis, the 
present study examines the “internal cohesion” of the factors that shape the overall production costs, while analysing the structural relations between 
their primary parameters. Through the application of hierarchical cluster analysis, the farms in question are grouped into two clusters, based on the 
scores per cost component and the discriminating capacity of these components is highlighted. It is concluded that all efforts to reduce production 
costs should aim at: a) a productive use and rational utilisation of the fixed capital, b) a reduction of production costs for animal food, c) a productive 
valorisation of family labour. The latter (as a cost component) presents a discriminating capacity for all sheep farms. It is therefore obvious that a 
reduction in wages is a necessity for all such farms. A full valorisation of family labour, and an increased level of mechanisation per employee, is 
expected to lead to a reduction in the former’s cost of use. 

Key words: Sheep farming, production costs, restructuring, financing, principal component analysis, cluster analysis. 
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Introduction
Sheep farming is one of the most important sectors of primary 
animal production. On a global level, the main productive focus of 
sheep farms is meat production. Worldwide, the dominant country 
in sheep’s meat production is China, followed by the EU 1, where 
approximately 100.5 million sheep and goats are bred. More 
specifically, as regards sheep farming, Great Britain is in top 
position with 23.7 million, followed by Spain with 22.1 million, 
Greece with 8.9 million, Romania with 8.4 million animals, Italy 
with 8.2 million and France with 8.1 million 2. Sheep farming for 
meat production is of particular interest for the northern countries 
of the EU, while milk production is the predominant activity of 
countries in the southern parts of the EU. The main countries 
involved in sheep milk production in the EU are Greece, Italy, 
Portugal, Spain and France 2.
   Greece is a country with a long tradition in animal breeding, 
particularly involving small ruminants. Sheep farming is a primarily 
traditional sector of animal breeding in Greece, with a very 
satisfactory adjustment to the Greek natural environment. Its share 
in the gross value of the total animal production is 36.2%, and 
approximately 13% in the overall agricultural production 3. The 
total number of animals is 9,066,366, belonging to a total group of 
127,937 farms, which are distributed in the regions of Greece as 
follows: Western Greece 24,999, Crete 17,515, Epirus 15,254, 
Thessaly 12,978, Peloponnese 12,949, Central Macedonia 6449, 
Eastern Macedonia & Thrace 4499, Northern Aegean 5512, 

Southern Aegean 4811, Attica 1436, Ionian islands 3603, Western 
Macedonia 3612, Sterea Ellada 14,319 4.  More specifically, this 
sector accounts for 34.7% of the total amount of milk and 16.6% of 
the total meat production of Greece. Sheep farming has a major 
financial impact, due to: a) the production of large product 
quantities of a high biological and dietary value, b) the fact that it 
provides employment and an adequate stable income to a large 
number of animal breeders, and c) the creation of added value 
through the processing and trading of sheep’s meat and milk. 
   Sheep farming also has an additional significance for Greece, 
given the fact that it is practised in mountainous and 
disadvantaged regions that cannot be otherwise valorised. Sheep 
farming is an expansive activity as a whole, and in recent years a 
large number of stabled-intensive farms have been developed 3.
The majority of sheep farms in Greece mainly focus on the 
production of milk, which originates from genetically non- 
homogeneous flocks, consisting of animals of different breeds, 
that are mainly cross-bred and of an unknown genotype mix; thus 
the farms’ morphological, physiological and production 
characteristics present a great degree of variability 5.
   Sheep farms in Greece primarily consist of small family-run 
holdings of an expansive form, with notable differences as regards 
their size, stabling facilities, production, etc. In recent years, a 
reduction in the number of small, nomadic holdings has been 
observed, along with an increase in the number of large, organized, 
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“closed”-type holdings, that show a clear focus on business 
structures 6-8.
   The sector’s high level of productivity in combination with its 
adaptability to the natural conditions of Greece, the provision of 
employment to a large number of employees, the attainment of a 
satisfactory agricultural income, along with the capacity to produce 
products of a high added value, jointly create the potential for an 
even greater development of this sector 9, 10.
   About 1/3 of the sheep holdings in Greece are considered to be 
non-viable within the new environment created by the common 
agricultural policy, as formulated after the decoupling of subsidies 
from production 11.The size of the holdings is one of the two 
factors that have a major impact on the profitability of sheep and 
goat farms. The majority of Greek sheep farms function under 
increasing performances of scale, which means that an increase in 
their size is required in order for them to be able to achieve lower 
production costs and boost profitability 12.
   During the last few years, there has been a trend of installing 
new, modern, intensive farms in lowland areas; these farms have a 
larger invested capital and produce animal food in order to cover 
all or part of the requirements of the bred animals 3. However, 
despite the improvements of recent years, all sheep farms still 
present substantial organisational weaknesses, which are clearly 
linked to the low level of business growth in the sector 10. These 
weaknesses result in a reduced level of competitiveness and a 
notable loss of income, as regards the comparative advantage of 
the sector (P.D.O. establishment of feta products). An improved 
level of competitiveness in Greek sheep farming can be achieved 
either through a further increase in productivity, either through a 
reduction of the overall production costs 9,10,13.
    Due to the great significance of the sheep farming sector for the 
rural economy of Greece and EU, several research efforts have 
been carried out on this topic. Numerous researchers have studied 
the economics and viability of the sector, and its potential for 
further improving its competitiveness 8,14,15. In a relevant paper, 
Apostolopoulos and Gidarakou 6 focused on examining the socio- 
economic factors that affect the structure of the sheep farming 
sector in Greece, by using multivariate data analysis methods. 
Zioganas et al.16 examined the structure of sheep farms and 
studied the technical and financial efficiency of the operating 
system of such farms in the Epirus region. They also conducted a 
study of the socio-economic effects of sheep farming on the local 
area. These researchers used Cobb-Douglas type production 
functions to explore the optimum combination of the sector’s 
available resources. Tzouvelekas et al. 17 estimated the relative 
efficiency of sheep farms in Greece, both in relation to size and 
geographical region. Furthermore, Hadjigeorgiou et al. 7 recorded 
the applied production systems and the livestock being used, 
and calculated livestock efficiency; they also studied some 
specialised trade issues affecting the sector. In addition, the 
progress of the sector in Greece was analysed through a study of 
various scenarios for the application of common agricultural policy 
measures. The effect of the qualitative characteristics of milk on 
the technical efficiency of sheep farms was examined by Karagianis 
and Galanopoulos 18.  Zioganas et al. 9 presented a technical- 
economic analysis of sheep and goat farming. They calculated 
the revenue, the cost details, the profit and the achieved income 
(with and without subsidies) and also determined their distribution 
per geographical region. Fousekis et al. 19 used a DEA model to 

determine the overall efficiency of sheep farms, mainly those 
located in the mountainous regions of Greece. The empirical results 
suggest: a) the average overall efficiency ratio in the sample is 
80%. The pure technical and the scale efficiency are of almost 
equal importance in the determination of the overall efficiency. 
There are differences in the overall efficiency ratios across the 
three regions stemming mainly from differences in pure technical 
efficiency. Vlontzos and Soutsas20 studied the sector of sheep/ 
goat farming through the new regulatory framework that resulted 
from the new common agricultural policy and its recent review. 
After recording the current situation in the sector and carrying 
out a SWOT analysis, it emerged that one of its main weaknesses 
is its low competitiveness, due to the high production costs in 
Greece compared to other countries in the EU. Milán et al.  21

studied the economic results of Ripollesa breed sheep farms in 
Spain to establish a typology which would clarify the 
characteristics of the different types of existing farms. Rezitis et
al. 22 examined the effect of investment plans both on the efficiency 
and productivity of a livestock farm. Theoharopoulos et al. 12

estimated the cost of use of the production coefficients and 
determined the technical efficiency of sheep farms. They arrived 
at the conclusion that technical efficiency and herd size are 
important factors affecting the Greek sheep farming sector. If 
technical inefficiencies are eliminated and farm size adjustments 
occur, there will be benefits for overall agricultural development. 
Furthermore, the same writers estimated the possibilities of 
reducing production costs by improving the technical efficiency 
of holdings, in order to withstand the elimination of subsidies 
   The above-mentioned studies highlight the fact that the high 
production costs in Greek sheep farms constitute one of the main, 
long-term problems affecting the sector, which lead to a reduced 
technical efficiency and low competitiveness, in relation to other 
EU countries. We can therefore come to the conclusion that any 
efforts aiming at the sector’s business growth must be combined 
with a reduction in production costs. 
    The aim of the present paper was to examine the restructuring 
and business growth potential of sheep farms in relation to a 
reduction in their production costs. More specifically, it examines 
the “internal cohesion” of the factors that put together the overall 
production costs and how these factors affect cost formulation. 
In addition, the paper studies the structural relations between the 
nine basic production cost parameters (depreciation, insurance 
premiums, maintenance and fixed capital interest, expendable 
capital expenses, animal food expenses, other expenses, circulating 
capital interest and family labour). The objective of the paper was 
to present the discrimination capacity of the cost components. 

Materials  and Methods
The research data was collected using questionnaires and through 
personal interviews with the “heads” of the sheep farms during 
the years 2006-2007. Stratified random sampling was used to 
determine the sample 23, with the regions of Greece representing 
the strata being studied. The selected research area was the 
geographical regions of Thessaly and Central Macedonia 
(including the Prefectures of  Larisa, Trikala, Thessaloniki, Kilkis, 
Pella and Imathia), regions where a large number of sheep farms 
are concentrated. The variety of breeding conditions in these 
regions allows for a generalisation of the research output for the 
whole country, with no major deviation from reality. The technical- 
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economic data of this research refer to the period 2007 and were 
collected using specially structured questionnaires. 
    The analysis included small, medium and large holdings, in order 
to have a greater variation of the cost parameters under 
examination. This is important to note because the cost components 
refer to a broad and general range of farms belonging to this 
sector. Therefore, the conclusions will pertain to the sheep farming 
sector as a whole and not to particular farm size categories. The 
size of the sample was set at 110 sheep farms. 
   According to the literature 10, 24-26, the basic factors that shape 
overall production costs at animal breeding holdings are labour, 
diet, annual livestock expenses, annual fixed asset expenses 
(buildings and machinery) and expenses for veterinary medication- 
vaccinations.
   Through the application of principal component analysis, we 
examined the structural cohesion of the variables that compose 
the overall production cost, and their importance in its final 
formulation 27-31. These variables are represented using non- 
observable variables-factors, according to the following 
mathematical formula: 

where w
ij
’s are the coefficients (or loadings) for factor or 

component i (F
i
)  multiplied by the measured value for variable j

(Z
j
 ). So, each principal axis is a linear combination of the original 

measured variables. 
   Then, using PCA, a score per cost component was calculated 
for each sheep farm using the regression method 27. Based on 
these scores, the sheep farms were grouped into two large clusters 
by using hierarchical cluster analysis 27-28. Ward’s criterion and 
the Euclidean distance square were used to form the clusters 27, 28,

32. The analysis was carried out with the SPSS V. 15. 
   The MANOVA test was then applied 33, 34 , the three cost 
components were considered to be the dependent variables and 
cluster membership was the independent variable (2 levels). 

Results and Discussion
The goal of this paper was to examine the structural relations 
between the nine production cost variables. In other words, we 
are studying the probability of grouping the nine cost variables 
into cost components, in order to a) present the relative significance 
of the cost variables for each cost component and b) present the 
relative significance of the cost components, with the limitation 
that the cost variables in each component must have a high 
correlation between them, while the discriminant components must 
be unrelated, to the best extent possible. For this purpose, principal 
component analysis (PCA) was applied to the available data, with 
Varimax axis rotation (rectangular maximum variance rotation), while 
the significant components were those with an eigenvalue above 
or equal to 1. The PCA highlighted 3 significant components which 
explained 79.4% of the total variance. The first component with an 
eigenvalue of 4.90 explained 54.1% of the total variance. The second 
component with an eigenvalue of 1.30 explained 14% of the total 
variance and the third with an eigenvalue of 1.02 explained 11.3% 
of the total variance. All three components in total explained 79.4% 
of the total variance. 
   Based on the figures in Table 2, we observe that the first 
component is significantly correlated to all the cost parameters, 

with the exception of family labour expenses. The relative 
significance of the cost parameters for this component is expressed 
through the value of the factorial loads presented in Table 2. 
Furthermore, due to the fact that the first component explains a 
very high percentage of the total variance (54.1%), it can be 
characterised as the general cost component. The greatest impact 
on the determination of the general cost is linked to maintenance 
and fixed capital depreciation expenses, while the lowest impact is 
related to circulating capital interest. This is due to the existence 
of a surplus fixed capital and the fact that the latter is used 
erroneously 10. Thus, if, through a better organisation and 
management of the fixed capital, we manage to limit or reduce the 
maintenance and depreciation expenses that emerge as the main 
production cost formulation factors, we will arrive at a reduction 
of this specific cost. The second and third components appear to 
be local dimensions of cost, with a high importance, however. 
More specifically, the second component is mainly structured by 
the parameters “circulating capital interest” and “animal food 
expenses”. The coefficient with the greatest impact on the 
determination of this cost component is animal food expenses. 
This is due to the high cost of cereals, vitamin preparations, the 
production cost of animal food, and the commitment of a large 
percentage of the farms’ available capital for animal food supplies. 
Choosing the most suitable and efficient method of food 
preparation, putting together a well-balanced and economical 
ration, being aware of the content of animal food as regards 
nutritious ingredients and their suitability, along with the existence 
of the appropriate animal food mixing, supply and storage facilities, 
are all factors that lead to a better valorisation of this component 
and a reduction of its cost of use 12, 35.
     The third component is mainly related to family labour expenses. 
Family labour is in itself a cost parameter with a significant relative 
gravity, which changes independently of the cost parameters that 
shape the other two components. This fact serves to underline 
the great importance of the production coefficient “labour”, 
particularly in the case of intensive-type farms 9, 16 . A rational 
valorisation of the “labour” coefficient is expected to lead to a 
limitation of this cost component and a reduction of the overall 
production costs. 
   It should be noted that the parameter “circulating capital 
interest”, that appears both in the composition of the first and 
second component, has the smallest share in the formulation of 
the first component (factorial load = 0.51), and the highest in the 
case of the second component (factorial load = 0.96). 
   Based on the values of Cronbach’s α  reliability coefficient, we 
observe that both the first and second component present a high 
internal cohesion score. For the first component, the α coefficient 
is 0.91, and for the second it is 0.85. Both coefficients are above 
the acceptable limit of  0.70. If we examine the suitability of principal 
component analysis, the KMO (Kaiser-Meyer-Olkin) measure that 
is equal to 0.7 (above the acceptable limit of 0.60) and the Bartlett 
sphericity test, we will observe that Pearson’s correlation table 
between the nine cost parameters, presents a statistically 
significant difference in relation to the identity matrix (χ2=1142.74,
d.f.=36, p<0.001). Finally, the common factorial variance indicators 
(communalities) show that the three-component model explains 
the structure of the nine cost variables to a very satisfactory 
degree. All the values of the communalities, as quality indicators 
of the three-component solution, are above 0.60. 

1 1 2 2
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   Table 2 presents the factorial loads with absolute values above 
0.50. For this specific sample size  (N = 164), loads that are above 
or equal to 0.50 are statistically significant at a significance level α 
= 0.05 and a level of strength γ = 0.80. 
   Following the application of hierarchical cluster analysis and 
based on the scores per cost component achieved by the sheep 
farms in the sample, their grouping into two large clusters was 
carried out. Sixty farms were placed in the first cluster C

1
 and the 

remaining 50 sheep farms in the sample were placed in the second 
cluster C

2
. The first cluster C

1
 includes farms with a composite 

cost (first component) and a second component a little below the 
general average, while presenting relatively high scores (above 
the general average) in the third component. The second cluster 
C

2
includes farms that present scores a little above the general 

average on the first two components, but relatively low scores in 
relation to the third cost component. 
    The MANOVA test indicated that all three components present 
a statistically significant difference at a significance level α = 0.05 
in both farm clusters (Pillais Trace = 0.616, F(3.106)=56.678, 
p<0.001).
   More specifically, the two clusters present a statistically 
significant difference as regards the first cost component (p =
0.048, R2 = 0.024), and similarly with the second component 

(p<0.001, R2 = 0.0126) and the third component (p<0.001,  R2 =
0.485). The values of the coefficients of determination R2 express
the relative contribution of the corresponding cost components 
in the formation of the two sheep farm clusters. From the R2values,
it emerges that the cost component with the greatest contribution 
is the third one (family labour) (R2= 0.485). The differences between 
the two clusters explain 48.5% of the total variance of the third 
component.
   These results show that the first component, that expresses the 
general cost, has a non-significant discriminating capacity (R2 =
0.048) and constitutes a structural tool in the operation of sheep 
farms, that is most probably a common element for the whole 
sector and seems to affect all sheep farms to the same extent, 
regardless of size. The second cost component has the second 
highest contribution (R2 = 0.126). The third component is that 
with a discriminating capacity mainly associated with the wages 
of the “labour” coefficient. The overall efforts to improve the 
competitiveness of sheep farming through a reduction of 
production costs, should aim at a better valorisation of family 
labour. 

 Conclusions and  Proposals
Sheep farming is one of the most important primary production 
sectors in Greece and the EU. It provides an income to thousands 
of agricultural families and also constitutes a major factor for rural 
development, particularly in mountainous and disadvantaged 
regions. Despite the improvements noted in recent years, sheep 
farming in Greece presents major organisational weaknesses, which 
are undoubtedly linked to the low level of business growth in the 
sector. These weaknesses result in a reduced competitiveness 
and a major loss of revenue, in relation to the comparative 

Table 1. Production expenses of sheep farms. 

*including fuel, lubricants, medication, disinfectants etc. 

Production cost categories  

(€)

Mean±Std. deviation 

(€)

 Participation rate 

(%)

Depreciation  3449.2±1207.2 19.45 

Insurance premiums    100.1±32.2   0.57 

Maintenance    185.1±46.5   1.04 

Interest    942.1±329.7   5.31 

Expenses for expendable items*  1067.9±309.4   6.03 

Animal food  3500.3±876.3 19.74 

Other expenses  1623.0±503.1   9.15 

Circulating capital interest    131.3±43.2   0.75 

Family labour wages   6730.3±2220.9  37.96 

Total  17729.3±5496.1 100.00 

Table 2. Cost production components. 

* No application. 

                                 Cost component  
Cost parameter 

C1 C2 C3 Communalities 

Maintenance 0.867 0.79

Depreciation 0.814   0.68 

Other expenses 0.792   0.75 

Interest 0.767   0.78 

Expendable capital expenses 0.766   0.75 

Animal food  0.962  0.93 

Insurance premiums 0.632    

Circulating capital interest 0.510 0.767  0.89 

Family labour   0.947 0.90 

 Cronbach = 0.91    Cronbach = 0.85      *  

The values are expressed in z-scores (MO = 0, Std = 1). 

Factor score C1 C2

F1 -0.141 0.167 

F2 -0.325 0.385 

F3 0.637 -0.756 

Table 3. Scores per cost component. 
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advantage of this sector (e.g. establishment of feta as a P.D.O. 
product). Furthermore, several sheep farms in Greece are 
considered to be non-viable in the new environment created by 
the common agricultural policy, as shaped following the 
decoupling of subsidies from production. 
   The competitiveness of sheep farming in Greece can be improved 
either through a further increase in productivity, or by lowering 
the overall production costs. The present paper examines the 
potential for restructuring Greek sheep farms, based on a reduction 
of their production costs. Any efforts regarding the business 
growth of the sector must be combined with the possibility of 
reducing production costs. Following the application of principal 
component analysis (PCA), 3 major production cost components 
were highlighted, that explain 79.4% of its total variance. If we 
study the structural relations between the production cost 
parameters, we can observe both their relative significance and 
the discriminating capacity of the latter’s components. The 
greatest effect on the formulation of the first cost component 
(general cost) comes from the maintenance and depreciation 
expenses for the fixed capital, while the lowest impact is related to 
the circulating capital interest. Thus, a productive use and rational 
utilisation of the fixed capital will lead to a reduction of this particular 
cost component. The second cost component is mainly dependent 
on the parameters “circulating capital interest” and “animal food 
expenses”. The greatest effect on the formulation of this cost 
component is owed to animal food expenses. In this way, limiting 
the amount or reducing the cost of animal food, which is viewed 
as the major factor affecting this specific cost component, will 
lead to a reduction of the latter. What is recommended is a rational 
use and quality improvement of the animal food being used. 
Selecting the most suitable and most efficient method of animal 
food preparation, the elaboration of a well-balanced and economic 
ration, knowledge of the content of animal food as regards 
nutritious ingredients and their suitability, along with the existence 
of satisfactory animal food mixing, supply and storage facilities, 
are expected to lead to a better valorisation of this component, 
that will result in a reduction to its cost of use. 
   Family labour is a cost factor in itself, with a significant relative 
gravity, which changes independently of the cost parameters that 
affect the other two components. A rational valorisation of family 
labour, mechanising production (e.g. installation of milking 
systems), a modernisation of the facilities for ergonomic purposes, 
are some of the measures that are expected to lead to a reduction 
of this cost component. 
   Following the application of hierarchical cluster analysis and 
based on the scores per cost component, the sheep farms in the 
sample can be grouped into two clusters. According to the values 
of the coefficients of determination R2, we found the relative 
contribution of the cost components to the formation of the two 
clusters. It is obvious that the third component (family labour) is 
the one with a discriminating capacity for all farms and  a reduction 
of labour wages is a necessity in every case. Improving the 
effectiveness of labour is expected to lead to a better valorisation 
of the latter, and consequently to a reduction in the cost of its use. 
This can be achieved by a) a full and not only partial valorisation 
of family labour and b) by increasing the mechanisation rate per 
employee. 
   Specifically, an increase in nutrition factor relates to the rational 
use and quality improvement of used animal feed, as animal feed 
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constitutes the most important factor in the formulation of the 
production cost. Selecting the most appropriate and effective way 
of producing feed, enforcing a well-balanced and inexpensive 
feeding ratio, knowledge of animal feed contents in nutritious 
ingredients and their suitability as well as efficient mixing, feeding 
and storage facilities of animal feed lead to the optimum exploitation 
of this factor. 
   Building facilities, machinery, especially for producing animal 
feed, are considered to be old-fashioned in contemporary Greek 
sheep farms. Hence, modernization of sheep farms is imperative, a 
modernization which will lead to productivity increase, and 
consequently to cost decrease of this factor. So, it is essential to 
absorb EU allocations granted for this cause, as well as financing 
the relocation and modernization of sheep farms using national 
financial resources. 
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