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Abstract | The goal of the study is the estimation of the technical and scale efficiency as well as total factor productivity
of cow breeds in the Egyptian governorates during the period from 2018 to 2020 using the DEA approach (output-ori-
ented model) based on panel data collected from Central Agency for public mobilization and statistics. The results
showed that the mean technical efficiency score estimated under CRS and VRS assumptions was 0.756 and 0.859, re-
spectively. Implying that according to CRS assumption, production could be rise by 24.4% with already existing resourc-
es without need to increase the amount of inputs and according to VRS assumption, production could be rise by 14.1%
with increase the amount of resources. Furthermore, average of scale efficiency was 0.892. Therefore, governorates could
raise their production by roughly 10.8% if they adjust their scale of production and operate under appropriate scale. Re-
garding the Total Factor Productivity, the average was 0.893. All governorates in Egypt showed decline in productivity
except Cairo, Alexandria, Port- said, Gharbia, Menofia, Behira, Sohag, Qana and Aswan.
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INTRODUCTION

P‘ood security is a problem that affects the entire
world, but it is especially important in the developing
countries. Milk and its products are important because they
are high in nutrients and contain many essential elements
that the human needs, like protein, minerals, and vitamins
(Fawaz et al., 2017). In Egypt, the dairy industry accounts
for almost one-third of the total agricultural value of the
country. In 2015, livestock production contributed by about
73.5 billion Egyptian pounds to the national economy,
representing 2.2% of the gross domestic product, with
23% of that coming from milk production (FAO, 2017).

The growth of milk production in Egypt is critical given
the country’s growing population and rising demand for
dairy products (Ghoneim ez a/., 2018). The milk represents
the highly daily per capita protein consumption for the
Egyptian people, accounting for around 7.4 grams (or
28.8%) of the average daily per capita from animal protein
(Ministry of Agriculture and Land Reclamation, 2014).
Egypt’s domestic raw milk production weight increased by
10.5% from 5547 thousand tons in 2020 to 6165 thousand
tons in 2021 (CAPMAS, 2021a). Average per capita from
milk production in Egypt was of 59.8 kg and self-sufficiency
ratio of milk was 100.40 %in 2021 (CAPMAS, 2021b).
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'There were several challenges that impact dairy production
efficiency in Egypt, foremost among them is that native
dairy breeds are not efficient milk producers, and
dependence on imports has been a consequence of the
inefficiency and low productivity levels. Also, market
constraints like lack of extension services, milk handling
and underdeveloped production systems hamper growth.
In addition to, Geographic limitations and water scarcity
in some regions contribute to inconsistent milk supply.

Dairy farmers use a variety of inputs, including land,
labor, feed, cows, capital equipment, and managerial skills,
to generate a variety of outputs, including milk and milk
components fat and protein. Because of this, in order
for producers to continue making a profit from milk
production, they must learn to combine these inputs more
effectively. The challenge for producers is to recognize the
most effective combination of inputs to produce outputs
(Stokes ez al., 2007). Whereas maximizing outputs at a
given level of inputs or minimizing inputs at a given level
of outputs is what is meant by being technically efhicient.

For policymakers and primary producers, efficiency is
a fundamental aspect of economics, as it is the key to
achieving sustainable development, it is the condition in
which the highest yield for a given set of inputs is achieved.
'Therefore, the efficiency analysis has emerged as a critical
and extensive field of research in response to the general
increase in resource depletion (Hassan, 2021).

In economics, there are several methods to measure
efficiency, and the two main methods are the parametric
Stochastic Frontier Analysis (SFA) and the non-parametric
Data Envelopment Analysis (DEAS). One of the primary
benefits of the parametric stochastic frontier approach is its
capacity to differentiate between inefliciency and random
error (white noise). Also, It enables the construction
of confidence intervals and formal statistical testing of
hypotheses. The main drawback of this approach is that it
need distributional assumption for the technical inefliciency
term and involves a pre-specification of the functional form

(Theodoridis and Psychoudakis, 2008).

In contrast, the non-parametric DEA does not need this
specification of the functional form of the production
function and estimates the efficiency of all decision making
units (DMUs) in the absence of priori weights of inputs
and outputs. However, DEA approach is deterministic
and ignores noise so, all the deviations from the frontier
ascribed to inefficiencies (FHassan,2021). Subsequently both
parametric and non-parametric techniques have its benefits
and drawbacks. Choosing an assessment method has been
controversial and primarily depends on the availability
of information. In general, the non-parametric Data
Envelopment Analysis (DEA) frontier is the most often

used methodology in various economic and management
science aspects (Begum ez a/.,2010). The DEA approaches
were frequently utilized in several studies to evaluate the
efficiency of dairy sector. Omar (2020) used DEA approach
to estimate the technical efficiency of milk production for
the Egyptian Governorates from 2014 to 2016, also Fawaz
et al. (2017) estimated the economic efficiency of dairy milk
factories in Egypt by using the DEA technique during the
period (2000-2014).

Productivity can be defined as the ratio of output to input.
Often, the primary goal of productivity measurement is to
draw conclusions about the efficiency of a business, sector,
industry, organization, or production system. However,
a productivity indicator by itself does not tell us how
efficiently the firm performs, without some reference
point of comparison. Thus, efficiency is a relative concept.
Efficiency measures a company’s performance in relation
to the highest amount of realizable output that can be
obtained from a bundle of inputs using a specific production
technology. Consequently, improving efficiency means that
the same quantity of inputs can be used to produce larger
amounts of output (Lall ez a/., 2002).

Index numbers are used to calculate ups and downs in
productivity for different periods. A common index is the
Malmquist Productivity Index (MPI), which was suggested
by Malmquist (1953) who defined the index number as
ratios of the distance function. MPI is sometimes known
as Total Factor Productivity (TFP), which can assess any
progression or regression of efficiency over time, as well
as any change of frontier technology in terms of progress
or regress over time. Following the work of Fire ez al.
(1994a), MPI became a standard approach to appraise the
productivity over time with non-parametric methodology,
as well as it being used in a numerous studies for DEA
analysis of efficiency changes for various organisations,
industries and nations (Alrashidi, 2015).

Therefore, this study aimed to usage of non-parametric
DEA technique to estimate technical and scale efficiencies
and Total factor productivity changes of dairy production
sector in the Egyptian governorates for identifying which
governorates have shown the best performance adaptation

during the period of study.

MATERIALS AND METHODS

DATA SAMPLE

Data related to 27 Egyptian governorates between 2018
and 2020 were subjected to DEA approach. Data collected
from Central Agency for Public Mobilization and Statistics
(CAPMAS). Input assumptions included the number
of different dairy cow breeds (Baladi, Cross and Foreign
Breeds) in thousands and the total population of each

2024 | Volume 12 | Special issue 1 | Page 295

o, o R
Qols Links
OResearchers



OPEN@ACCESS

Advances in Animal and Veterinary Sciences

governorate (million), as well as the size of each governorate
(km?). While, the amount of milk (tons) produced by cows

throughout various years was the output assumption.

DATA ENVELOPMENT ANALYSIS (DEA)

Data envelopment analysis is a nonparametric method that
can be utilized to analyze the efficiency and performance
of individual decision-making units (DMUs), like dairy
farms (Stokes ez al., 2007). In the context of DEA, an
output distance function is used in a linear programming
(LP) technique to envelope the data and identify the best-
practice reference technology. For every farm, the technical
efficiency is represented by the value derived from the
output distance function (Cobanoglu, 2013).

'There are two recognized approaches for the DEA process:
Input-oriented (cost-oriented) and output-oriented (result
oriented). Regarding the input-oriented approach, it is
examined how much and which proportion the inputs
should be employed to lower costs while maintaining the
same level of output (Gal and Nagy, 2011); this method
pays special attention to the managerial and operational
concerns (Rajasekar and Deo, 2014). While, in the
output-oriented approach, which is more closely related
to planning and strategy, it examines how outputs might
be partially increased without altering the total amount of

inputs (Farrel, 1957; Charnes ez al., 1978).

In this study, an output-oriented method was applied
for computing the constant returns to scale (CRS) DEA
and variable returns to scale (VRS) DEA measures. This
is because, according to our hypotheses, we estimated
the technical efficiency of milk production in terms of
the governorate ability to maximize production using a
certain combination of inputs. This means that in order to
assess technical efficiency, the study made the theoretical
assumption that production could rise to the maximum
level that technology would allow.

Charnes ez al. (1978) proposed DEA; established constant
returns to scale (CRS) model, which assumed that each
DMUs had operated at an ideal scale.

For a single output, the technical efficiency is calculated
using the following linear programming model under the
constant return to scale assumption (Ali and Seiford, 1993):

max;;d\ﬁ';
subject tUZ;Ll,lj ¥—8iy-s=0
Z;'_l,l} xpj + e = Xy

Aiz0; 5205 e:=0

Where 0i is de-noted to the rise in output level that used for
input (i) and Aj refers to N x 1 vector of weights associated
with inputs that is efficient, s is the slack of output, and ek

is the kth slack of input.

'The constant returns to scale hypothesis are suitable if the
DMUs in the sample are functioning at an ideal scale, but
actually, that is not how DMUs with imperfect competition
operate. Banker ez al. (1984) proposed a model that can
cope with variable returns to scale (VRS) condition. This
model is similar to the CRS model with the exception that
itadds a convexity constraint (N1’A = 1) to the model, which
explains the variable returns to scale hypothesis. Banker
et al. (1984) and Coelli and Perelman (1996) provide an
output-oriented model, which used when the DMUs have
fixed amount of resources (labour, land, livestock, capital)
and aim to produce as much output as possible (milk).

An output-oriented VRS model’s formula is as follows

(Shkodra ez al., 2020):

max,; b,

constrains: —¢ y. + YA =0,

x~XA =0,

N1'A=1

A=0,
Where the N1 is an N*1 vector of ones moreover 1<d<oo
and ¢-1 is the relative rise in the level of output that could
be reached by the i-th DMU, with input amounts held
fixed. 1/¢ define the technical efficiency score, which lies

between zero and one.

DMU has efficient results when the values of 6 and Ai
are equal to 1, and Aj = 0. On the other hand, a result is
inefficient when 0 > 1,Ai = 0,and Aj # 0. For a certain input
bundle, we can obtain a measure of TE that represents
the “distance” between the observed and the ideal output
production:

¥; 1
TEi=—=—
Sl

0=<TE =1

Where, Y. and Y, are the maximum possible (optimal)
outputs and the observed outputs, respectively.

The technical efficiency (TE) value derived from the
DEA-CRS formulation (TECRS) can be divided into
two components: Pure technical efficiency (PTE) and
scale efficiency (SE) (Syarifa ez a/., 2020). Pure technical
efficiency (PTE) removes the impact of scale size and
evaluates how well 2 DMU uses its sources. On the other
hand, scale efficiency (SE) estimates the influence of scale
size on efliciency. If after employing both CRS and VRS
model on the same data, there is a alteration in the two
technical efficiencies, this suggests that the scale efhiciency
of this DMU (Mirmozaffari ez al., 2017).

2024 | Volume 12 | Special issue 1 | Page 296

o, o R
Qols Links
OResearchers



OPEN@ACCESS

Advances in Animal and Veterinary Sciences

Scale efficiency can be computed as follows (Coelli, 1996a):

TEE: RS
SE; = —i—
TE

0=<SE; =1
Where, SE, = 1 denotes full-scale efficiency and SE, < 1

denotes the scale inefficiency.

DEAP 2.1 program created by Coelli (1996a) was used to

estimate all efficiency measures.

THE MALMQUIST TOTAL FACTOR PRODUCTIVITY (TFP)
INDEX

When panel data is available, DEA enables us to estimate
the Malmquist Total Factor Productivity (TFP) index
which measures productivity changes over a period (Berg
et al., 1992). TFP breaks down into four components: (1)
technical efficiency changes (related to constant returns-
to- scale technology), (2) technological changes, (3) pure
efficiency changes (related to a variable returns to scale
technology) and (4) scale efficiency changes (Coelli,
1996b). Technological change is known as the “innovation”
component it captures sectorial changes in technology at
the national level. On the other hand, efficiency change is
sometimes referred to as the catching-up component since
it shows the distance a subsector has to go to reach the
production frontier. In other words, the change in output
that can be attained at any level of input is represented
by technological change. While, efficiency change refers
to a DMU?’s ability to realize its potential through the
application of current knowledge and technology (Lall ez
al.,2002; Nin-Pratt ef al., 2012; Tirkaso and Hess, 2018).

Fare eza/.(1994b) identifies an output-based TFP as follows:

. \ o V12
dy (%141, Y1) 45 (#e21, Yei)
s _

Mo (J'r—l_xf—l-J'r=xf) - 7 Y +1 3
e V) dq (e ¥ )

Where xt + 1 is the production point for x1 and yt + 1 refers
to the production point for y1.The MO represents the mean
(geometric) of the two output-based on Malmquist TFP
that defined by the period t and period t + 1 technology.

When MO > 1 will indicate growth from the period t
to the period t + 1 and progress for the productivity and
when MO < 1 will refer to growth from the period t to
the period t + 1 and regression for the productivity. When
MO = 1 will refers to constant growth from the period t
to the period t + 1 for the productivity, The four parts of
TFP change mentioned above are measured using separate
linear programming models comparable to those used for

computing the TE measures (Coelli, 1996b).

In the following equation, the term inside the brackets
refers to the technological change and ratio outside the
brackets refers to efficiency change.

D2y (xr+1yeer) [ DR (es1ye+1)
DP(xeye) D8 (xrravrss)

1
DF (xt.yt) ]Z
)

m,(x X =
o(Xew1s Ves1: Xt Vi) 2%, (weyc

The two observations (x,y,) and (x_,,y,,,) are compared to
their corresponding production frontiers by the efficiency
change component. S* and S*! measure whether production
is catching up with or falling behind the production
frontier. The technological change term captures changes in
technology at the national level (Abed and Acosta, 2018).

RESULTS AND DISCUSSION

The results in Table 2 revealed that, under the CRS
hypothesis, the mean technical efhiciency for all
governorates was 0.756. This indicates that due to resource
misallocation, milk production was lost by approximately
24.4% and governorates could still increase milk production
by the previous percentage (24.4%) using already-available
resources without need to increase inputs. The outcomes
additionally demonstrated that in accordance with the CRS
hypothesis, only three governorates Kafr-Sheikh, Beni-
Suef, and South Sinai were efficient in milk production.
While, the remaining twenty-four governorates displayed
inefficiency. These results agree with other findings that
indicate TECRS was lower than 80% such as Lahmar ez
al. (2003) who reported that 47% of the farms are found
to produce below 80 % of their potential due to technical
inefficiency in Tunisia, efficiency measures suggest that
state-owned farms in Tunisia could rise milk production

Table 1: Descriptive statistics of input and output variables used in DEA analysis.

Output Input
No of breeds Size of governorate Total population of each
(thousand) (Km?) governorate (million
Mean 137403.79 122632.43 39601.93 3662389.53
Standard error 18746.64 14817.80 10280.59 311012.86
Standard deviation 168714.58 133360.23 92525.39 2799115.77
Minimum 36.00 536.00 460.00 104800.00
Maximum 952116.00 777335.00 440098.00 9947046.00
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by up to 32% through more efficient use of their production
inputs. Additionally, Theodoridis and Ragkos (2014) had
estimated the mean technical efficiency level and it was
0.748 idicating that production value can be increased by
25.2% and there is significant inefficiency in agricultural
activities for the dairy farms under study.

When the variable return to scale hypothesis was taken
into consideration to measure technical efficiency, the
average was 0.859 indicating that there was a loss in milk
production of approximately 14.1% due to inappropriate
resource quantity and this inefficient governorates had the
potential to increase their milk production by 14.1% if they
increased their resources.

According to the results, thirteen governorates Alexandria,
Port-Said, Sharkia, Qalubia, Kafr Sheikh, Gharbia,
Menofia, Ismailia, Giza, Beni-Suef, Aswan, and South
Sinai were efficient under the VRS assumption, whereas the
remaining fourteen governorates demonstrated inefficiency.
These findings are align with other studies that indicate
the mean of TEVRS was higher than 80% such as those
of Terin ez al. (2016) who reported that TEVRS was 0.87
in a study that used the DEA technique to assess the TE
of 43 dairy cattle farms in Western Turkey. Furthermore,
Candemir and Koyubenbe (2006) concluded that average
efficiency indices under VRS assumption Was measured
to be 0.832 using Data Envelopment Analysis (DEA) to
analyze cross-sectional data of 2003 that involved 80 dairy
farms in Izmir, Turkey, selected using the proportional
sampling technique. While on other hand, there were other
studies reported that the average of TEVRS was lower than
80% as those of Gul ¢ 4/. (2018) who showed that the mean
technical efficiency score was 0.78 based on data gathered
from 148 dairy farms in areas of Adana (Turkey).

In addition, Table 2 showed that the mean scale efficiency
was determined to be 0.892 suggesting that governorates
might enhance their output by approximately 10.8% by
modifying their production scale and functioning at a
suitable scale to achieve efficiency in production. The reason
for the inefficiencies in these governorates is that they may
be run on a scale that is either supra- or sub-optimal. Twelve
governorates had sub optimal scale and they showed an
increasing return to scale efficiency indicating that their
production may become more scale-efficient as the number
of heads increased. While, other twelve governorates had
supra optimal scale and exhibiting decreasing return to scale
efficiency, these results imply that in order to achieve optimum
scale, the number of heads in these governorates needs to
be reduced. These results comparable with other findings
who stated that the mean of scale efficiency was found to
be more than 80% as results of Omar (2020) who reported
that the mean of scale efhiciency was 0.837 in data collected
from 27 Egyptian governorate regarding dairy production.

Table 2: Technical and scale efficiency of dairy production
sector among Egyptian governorates (2018-2020).

Returnto  Scale TE TE (CRS) Governorate
scale efficiency (VRS)
Increasing  0.958 0.448  0.429 Cairo
Increasing  0.478 1.000  0.478 Alexandria
Increasing  0.568 1.000  0.568 Port- said
Increasing  0.970 0.691  0.670 Suez
Increasing  0.983 0.851  0.837 Domiatte
Increasing  0.977 0.941  0.920 Dakhlia
Increasing  0.755 1.000  0.755 Sharkia
Increasing  0.954 1.000  0.954 Qalubia
Constant 1.000 1.000  1.000 Kafr sheikh
Increasing  0.425 1.000  0.425 Gharbia
Increasing  0.885 1.000  0.885 Menofia
Increasing  0.889 0.96 0.857 Behira
Increasing  0.861 1.000 0.861 Ismailia
Increasing  0.937 1.000  0.937 Giza
Constant 1.000 1.000  1.000 Beni- suef
Decreasing  0.907 0.516  0.467 Fayoum
Decreasing  0.874 0.920  0.804 Menia
Decreasing  0.896 1.000  0.896 Assiout
Decreasing  0.921 0.629  0.579 Sohag
Decreasing  0.931 0.938  0.873 Qana
Decreasing  0.941 1.000  0.941 Aswan
Decreasing  0.993 0.427  0.424 Luxor
Decreasing  0.993 0.750  0.745 Red sea
Decreasing  0.993 0.798  0.792 Matrou
Decreasing  0.996 0371  0.370 Wadi gdid
Decreasing  0.998 0.957  0.955 North Sinai
Constant 1.000 1.000  1.000 South Sinai
0.892 0.859  0.756 Mean

'The findings also indicated that only three governorates
were operating at their ideal scale. These governorates were

Khafir Sheikh, Beni Suef, and South Sinai, all of which

exhibited constant return to scale efhiciency.

Regarding total factor productivity, the results in Table 3
revealed that the dairy sector in the Egyptian governorates
has suffered from a regression in the productivity in the
period of study. Average of TFP change was 0.893,implying
that there has been a generalized technological contraction
in the productivity by roughly, 0.107 and the TFP has
grown by a decreasing amount. Although, there were 9
governorates showed increasing TFP as Cairo (1.565),
Alexandria (1.776), Port-said (1.665), Garbia (1.770),
Menofia (1.069), Behira (1.129), Sohag (1.622), Qana
(1.408) and Aswan (1.379). These findings are comparable
with other studies that indicate that the mean of TFP was
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lower than 1% such as those of Madau e a/. (2017) who
concluded that mean of TFP was 0.979 indicating that

during the period of the study there has been a decline in
TFP.

Table 3: Malmquist Index (geometric means) of dairy
production sector among Egyptian governorates (2018-

2020).

Total factor Scale ef- Pure ef- Techno- Effi- Governo-
productivi- ficiency ficiency logical ciency rate
tychange change change change change

1.565 0.988 1.217 1301 1.203 Cairo
1.776 1.444 0976 1260 1.410 Alexandria
1.665 1.327  1.000 1.255 1.327 Port- said
0.730 0.996 0816 0.899  0.812 suez

0.975 1.008 1.036 0933 1.045 Domiatte
0.973 1.012 1.031 0934 1.043 Dakhlia
0.587 1.122 0.520  1.007  0.583 Sharkia
0.908 1.020 0.935 0.952 0.954 Qalubia
0.915 0.996 0.978  0.939 0974 Kafr sheikh
1.770 1.534 1.000 1.154  1.534 Gharbia
1.069 0.993 1.000 1.076  0.993 Menofia
1.129 1.037  1.018 1.069 1.056 Behira
0.111 1.011 0.123  0.905 0.123 Ismailia
0.549 0.603 1.000 0910 0.603 Giza
0.558 0.618 1.000 0.904 0.618 Beni- suef
0.957 1.037 1.017  0.907 1.055 Fayoum
0.904 1.065 0950 0.893 1.012 Menia
0.900 1.051 0964 0.889  1.013 Assiout
1.622 1.029 1.209 1305 1.244 Sohag
1.408 1.030  1.021  1.340 1.051 Qana
1.379 1.031 1.000 1.337 1.031 Aswan
0.894 0.640 1531 0912 0980 Luxor
0.971 0.962 1126 0.897  1.083 Redsea
0.998 0.991 1.120 0900 1.110 Matrou
0.340 0.227 1.641 0913 0.372 Wadigdid
0.753 0.806 1.022 0915 0.823 North sinai
0.759 0.840 1.000 0.904 0.840 South Sinai
0.893 0.933 0.946 1.011 0.883 Mean

TFP decomposes into efficiency change and technical
change. The former shows an annual contraction of 0.117,
while the latter grows atan annual rate 0of 1.1%. The efficiency
change contraction showed that most governorates are not
utilizing the available inputs to their full potential. These
results agree with the findings of Abed and Acosta (2018)
who noted that there was a decline in efficiency change by
about 0.1%. While, the technological change increases at
an annual rate of 1.4%, implying that the dairy industry
may not be able to reach its full potential because attempts

to improve efficiency change have not been accompanied
by those attempts to improve technological change.

In addition, Table 3 showed that the scale efficiency change
and the pure efficiency change had an impact on TFP
(both average scores are below (1) suggesting that most
governorates operated under improper scale size.

CONCLUSIONS AND
RECOMMENDATIONS

'The mean score of technical efficiency evaluated using CRS
and VRS assumptions was 0.756 and 0.859, respectively.
While, the average of scale efficiency was 0.892. In terms
of total factor productivity, the average value was 0.893.The
main reason for the decline in efficiency and productivity
in the Egyptian governorates during the period of study
was the lack of proper management and exploitation of
resources. The resources were either wasted, not properly
exploited, or were over used, and in all cases, this leads
to a decline in efficiency and productivity. In term of
technical efficiency; Kafr El-seikh, Beni-suef and south-
sinai governorates were efficient under CRS assumption.
While, Alexandria, Port- said, Sharkia, Qalubia, Kafr
sheikh, Gharbia, Menofia, Ismailia, Giza, Beni-Suef],
Aswan and South-Sinai governorates were efficient under
VRS assumption. Regarding scale efficiency, Kafr El-
Seikh, Beni-Suef and South-Sinai governorates showed
constant return to scale efficiency and operated under
optimal scale size. For the total factor productivity, all
governorates showed decline in the productivity except
Cairo, Alexandria, Port- said, Gharbia, Menofia, Behira,
Sohag, Qana and Aswan. We recommend that specific
strategies must be employed by the better- performing
governorates including efficient production technique,
efficiency of management and resources allocation,
development of a comprehensive guide that outlines these
strategies and making it accessible for underperforming
governorates. Encourage underperforming governorates
to invest in data collection and analysis tools to better
understand their unique challenge and track progress over
time. Promote collaboration between governorates through
joint projects, knowledge-sharing forums, and networking
events to foster a culture of mutual support and learning.
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NOVELTY STATEMENT

Our study is the first study to emphasize the use of the non-
parametric Data Envelopment Analysis (DEA)approach
(output-oriented model) for the estimation of the technical
and scale efficiency as well as total factor productivity of
cow breeds in the Egyptian governorates during the period
from 2018 to 2020.
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