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Abstract
This study examines the relative technical efficiency of mixed crop-livestock farming systems and as-
sesses their economic performance between the Upper and Delta regions of Egypt. A non-parametric 
data envelopment analysis (DEA) method is empirically applied for measuring technical efficiency using 
farm-level data for 838 mixed crop-livestock farmers. The findings show that the mixed crop-livestock 
farms in Egypt are operating at a low level of technical efficiency, indicating most farms are unable to 
catch up with the current production frontier and existing production technologies. Farms in the Delta re-
gion perform slightly better than those farms in Upper Egypt. Results also suggest that technical efficien-
cy improvement is positively affected by farmers’ education, having a farm milk production certificate, 
and being located in the Delta region, whereas farm size negatively affects the economic performance of 
mixed crop-livestock farming systems in Egypt.

Keywords: Technical efficiency, Non-parametric DEA model, Livestock products, Farming systems in 
Egypt. 

1. Introduction

Livestock products are the best sources of 
highly digestible proteins and micronutrients, 
which are essential for human health and nu-
trition. The Egyptian population is expected to 
increase by 65% in the next three decades (FAO, 
2017). In response to this population increase 
and the growing demand for animal products, 
livestock productivity in Egypt needs to be im-
proved. Both cattle and buffaloes play an impor-
tant role in the mixed crop-livestock production 
systems of Egypt. Furthermore, livestock and 

livestock products are a vital source of small-
holder farmers’ income: producing considerable 
amount of meat and milk, 80% of livestock is 
owned by smallholder farmers in Egypt (Ayeb 
and Bush, 2014). 

Egyptian cattle and buffaloes play an impor-
tant role as providers of milk and meat. Having 
99% of the entire continent of Africa’s buffa-
loes, Egypt is a prominent buffalo-producing 
nation (FAOSTAT, 2015). In total, 8.6 million 
cattle and buffaloes can be found in Egypt, of 
which 43% are buffaloes and 57% are cattle. The 
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production of milk from buffaloes contributes 
about 47% to the total national milk production, 
while cattle contribute 51%. Buffaloes contrib-
ute about 41% to national meat production and 
cattle contribute 43% (FAOSTAT, 2016). Live-
stock are an integral part of agricultural farm-
ing systems in Egypt, with livestock products 
representing 40% of value-added agriculture. 
These products are important contributors to 
total food production as they convert low-value 
materials into valuable products. Buffaloes are 
mostly reared in smallholder farms under harsh 
socioeconomic conditions, leading to low pro-
ductive and reproductive performances. About 
42% of the buffalo populations are dairy cows, 
6% are bulls, 32% are heifers, and 20% are male 
calves (Ibrahim and Abdelrazek, 2012). About 
97% of the Egyptian buffalo population is raised 
in small size herds within semi-intensive tradi-
tional mixed crop-livestock production systems, 
which is the main livestock production system in 
Egypt. About 57% of Egypt’s buffalos are kept 
in Delta, in northern Egypt, while 43% are kept 
in Middle and Upper Egypt in the southern part 
of the country (Fahim et al., 2018). 

To meet the growing demand for livestock 
products due to rising populations in recent years, 
the livestock sector could become the largest con-
tributor to improving the capacity of agricultural 
production. However, Egypt’s livestock sector 
has declined in recent years because of many 
technical reasons, including: a lack of fresh drink-
ing water; groundwater contamination; a lack 
of biological diversity; the spread of infectious 
diseases; lack of antimicrobial resistance; and 
having to compete for vital and limited irrigated 
cropping areas. Due to these challenges, Egypt’s 
options for expanding livestock production are 
limited. However, under the existing production 
structure, there does seem to be some potential for 
change to increase productivity by increasing the 
production efficiency (FAO, 2017). 

Recently, the Egyptian government is making 
more efforts to enhance the efficiency of live-
stock systems. One of the main objectives of the 
Sustainable Agricultural Development Strategy 
Towards 2030 (SADS) is to develop the agri-
cultural sector economically and socially in the 
direction of more sustainability by paying more 

attention to improving and enhancing the effi-
ciency of livestock herds. This could especially 
help smallholder farmers improve their income 
and resiliency (FAO, 2017). The objective of this 
research article is to shed light on the economic 
performance of crop-livestock farming systems 
in Egypt, and to distinguish and compare these 
farming systems in different regions. This will 
be achieved through a measure of technical ef-
ficiency (TE), which is a prerequisite for the 
economic viability and sustainability of a firm 
(Tzouvelekas et al., 2001).

Livestock production in Egypt varies among 
the Delta region and Upper Egypt, where the na-
ture of the land, temperature, and the cultivated 
crops differ. A study by Fahim et al. (2018) as-
sessed the difference between buffalo production 
in the Delta and Upper Egypt, finding that an av-
erage household in the Upper Egypt did not own 
more than three animals, while households in the 
Delta region owned ten animals on average. The 
researchers also found that buffaloes represented 
66% of all ruminants in the Delta region, but only 
44% in Upper Egypt. The low number of animals 
in both zones is attributed to the limited availa-
bility of feeding resources and infrastructure. 
Cattle represent the second highest ruminants 
in rank within all farms’ herds, while sheep and 
goats formed 25% of herds raised in Upper Egypt 
compared to 13% in the Delta region. Their study 
also found that 94% of the buffalo farmers in 
Upper Egypt used some of their raw milk to pro-
duce dairy products (such as cheese, cream, and 
butter), while only 78% of the buffalo farmers in 
the Delta region produced dairy products. Basic 
processing methods were used in both regions. 
Some of the liquid milk and dairy products were 
consumed by family members and the rest was 
sold through village markets. 

Transportation services, storage facilities, and 
grading dairy products are quite poor and not 
available at many regions. Recently, the ani-
mal-product sectors have received remarkable at-
tention to meet growing requirements. However, 
there hasn’t been any studies assessing the per-
formance of livestock farms, nor the differences 
among productivity and TE between the Delta re-
gion and Upper Egypt. Therefore, this research is 
focused on an efficiency analysis in order to gain 
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more information about the differences between 
Delta region and Upper Egypt livestock farms. 
This information is useful for economic agents 
(i.e., policy makers and regulatory authorities) 
to design suitable policies to improve the perfor-
mance of livestock farms within Egypt. A meas-
ure of TE is applied to determine the deficiencies 
in input use that will need to be improved. TE is 
analyzed using a parametric Stochastic Frontier 
Analysis (SFA) and non-parametric Data Envel-
opment Analysis (DEA) approaches. 

In agriculture research especially, SFA and 
DEA methods have been widely used by empir-
ical studies to assess the TE of farm production 
entities. The SFA approach was introduced by 
Aigner et al. (1977) and Meeusen and van den 
Broeck (1977). The approach is based on an 
econometric regression model that parametri-
cally evaluates the frontier by using a stochastic 
procedure, in which the residuals can be decom-
posed into error term and positive inefficient 
elements. In contrast, the DEA model initially 
introduced by Charnes et al. (1978) is a non-par-
ametric approach which estimates the frontier 
over the distribution of the observations that lie 
on or below the frontier line. DEA methodol-
ogy has been used to study the economic per-
formance of Decision Making Units (DMUs), 
in which a set of peer entities utilize multiple 
inputs to be converted to multiple outputs. The 
SFA method assumes that the distributions de-
viated from an estimated frontier are inefficient 
and a certain form of frontier must then be de-
fined, leading to a biased TE estimation. For this 
reason, most recent studies, especially agribusi-
ness ones, prefer to apply the DEA approach in-
stead of the SFA. To overcome the shortcomings 
of the SFA method, we used a DEA model in this 
paper to assess the TE of the livestock farms in 
Egypt and determine the differences in perfor-
mances between farms in the Delta region and 
Upper Egypt.

This paper is organized as follows: In the next 
section, a literature review of TE analyses and 
the contribution of this work to previous liter-
ature are presented. In section three, livestock 
production industry in Egypt is described. In 
section four, the methodological approach is de-
scribed; the fifth section is devoted to the em-

pirical implementation of assessing TE using 
the DEA approach. The last section of this paper 
offers concluding remarks.

2. Literature review

Concerning the methodological approach, a 
number of techniques have been applied to as-
sess the economic performance. Some of this 
literature estimate the economic performance 
of the farms by considering production com-
ponents as benchmarks, such as a costs per unit 
produced. However, these techniques have been 
shown to incorporate some shortcomings by po-
tentially ignoring the enhancement of farm-spe-
cific production performance as a whole within 
the benchmark group (Gelan and Muriithi, 2010; 
Stokes et al., 2007; Fraser and Hone, 2001). To 
overcome these shortcomings, the literature has 
delivered methods to estimate the production ef-
ficiency that analyze the economic performance 
of the farms as whole. As described above, most 
of the literature on productive efficiency analy-
sis for farming systems relies on two approach-
es: the SFA (Parametric and Stochastic Frontier 
Analysis) and the non-parametric DEA (Data 
Envelopment Analysis). Nevertheless, the liter-
ature on TE performance of livestock farms is 
still scarce, which may be due to the lack of data 
that is required for such analysis. 

Li et al. (2017) analyze TE among the top ag-
ricultural-producing countries in Asia through 
an applied Zero Inefficiency Stochastic Frontier 
Model (ZISFM). Results reveal that the average 
TE score is over 0.9 for all samples, which indi-
cates that there is still room for improving TE.

A study by Galluzzo (2018) relies on a DEA 
model to assess the economic performance of 
farms in Bulgaria after entering the Europe-
an Union (EU). Results indicate that special-
ized farms, such as dairy and granivores farms, 
worked more efficiently than mixed farms and 
vineyard farms. Results also show that the TE of 
the farmers was highly affected by the financial 
subsidies provided by the Common Agricultural 
Policy that affected the socio-economic margin-
alization of Bulgarian rural areas.

Błażejczyk-Majka (2017) studied the agricul-
tural production efficiency rankings of EU mem-
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ber states; a DEA model was applied for this 
purpose. Results show that the economic per-
formance of agricultural production for 18 out 
of 28 EU states is running efficiently. The DEA 
approach shows the causes of inefficiency in the 
remaining ten states, allowing for the poor agri-
cultural practices that reduce productivity to be 
identified. It also formulates a set of recommen-
dations that may enhance production efficiency.

An article by O’Neill et al. (1999) summarizes 
the application of both a fixed effects panel mod-
el and a stochastic production frontier approach 
to a panel of 307 farms drawn from the Irish Na-
tional Farm Survey over the 1984-1994 period. 
The results found that the performance of farms 
is positively affected by extension contact.

Gelan and Muriithi (2010) assess the TE among 
371 dairy farms located in seventeen districts in 
east African countries by relying on a DEA ap-
proach to estimate TE scores. A fractional regres-
sion method was applied as well to identify the 
TE scores by linking them to a set of explanatory 
variables. Results indicate that 18% of the farms 
were fully productive, each with TE scores of 
unity, which implies that these farms lie on the 
production possibility frontier. On the other hand, 
32% of the farms have TE scores below 0.25, in-
dicating that these farms would need to increase 
dairy production by 75% from current levels 
without any increase in the level of inputs. Re-
sults also show a positive effect on the efficiency 
levels through adopting technology factors, ze-
ro-grazing systems, and selling milk to individ-
ual consumers or organizations instead of other 
market outlets. The membership of dairy cooper-
atives was not statistically significant. 

Michaličková et al. (2013) analyze the TE of 
dairy cattle farms in Slovakia over the 2006-
2010 period using a DEA approach. An average 
TE score of 0.96 was found, implying that 96% 
of the herds are technically efficient in produc-
ing milk, and reducing 4% of the inputs used 
to produce milk is recommended. The TE was 
statistically affected by feed costs, though not 
affected by the factor indicating inefficient uti-
lization of feed. 

Research by Spicka (2014) evaluates the 
production efficiency of mixed crop-livestock 
farming among 103 FADN EU regions. A DEA 

approach with variable returns to scale (VRS-
DEA) has been used for this purpose. Results 
indicate that the significant factors affecting the 
production efficiency of the mixed farming sys-
tem are crop output per hectare; livestock output 
per livestock unit; productivity of material; en-
ergy; capital; and contract work. The study also 
found that agricultural projects are extended in 
inefficient areas and produce public goods which 
benefit from the rural development subsidies. 

Demircan et al. (2010) measure the TE of 
132 dairy farms in Turkey using a DEA model. 
Their findings show a TE ranging from 28.6% 
to 100.0%, with an average of 64.2%. The in-
puts of forage feed and labor were not used effi-
ciently. Moreover, results confirm the existence 
of a positive relationship between herd size and 
efficiency, and a negative relationship between 
forage feed, land size and production efficien-
cy. The study also provides evidence that there 
is not a significant relationship between the 
provision of extension services and the produc-
tion efficiency score. 

Mohamed et al. (2008) find that milk products 
in Egypt are redirected to consumers through 
both official and unofficial milk supplies. The 
unofficial market involves direct delivery of raw 
milk by farmers to consumers in their neighbor-
hood, or it might pass through the hands of a 
distributor in nearby cities. The unofficial mar-
ket is characterized by not needing a license to 
do business, weak pricing process, high farmer 
prices compared to the formal market, and no 
systematic procedures. Permits are not a pre-
condition, and activities are also not monitored. 
Egypt’s dairy sector has an essential position in 
the food supply, representing about 47% of food 
and agribusiness. The dairy trade constitutes the 
production of fresh milk and dairy products, such 
as butter, cheese, and yogurt. Dairy marketing 
paths for smallholders are hindered and there is 
a lack of transparency. Egyptian consumers pre-
fer fresh milk and milk products (cheese, butter, 
and yoghurt) because of their clear descriptions; 
buffalo milk is white in color, a high fat con-
tent (around 7%) and a desirable flavor (Abdel 
Aziz and Sadek, 1999). Cheese consumption in 
Egypt is evaluated by 10.4 kg per capita per year 
(CDIC, 2014). 
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Smallholders produce large amounts of milk 
that makes its way to the unofficial market. To 
date, the entire milk distributed to the Egyptian 
capital of Cairo on a daily basis has not been 
tracked or studied. An estimated 80% of the milk 
in demand is supplied by the unofficial market. 
The Egyptian government has recently started to 
pay special attention to regulating and tracking 
the distribution of milk in different regions and 
villages. Khalil and Ahmad (2013) studied mixed 
crop-livestock smallholders’ milk supplies in 
three different Egyptian governorates: two in the 
Delta region (El-Beheira (B) and Kafer El-Sheik 
(K); buffalo-rice-based systems) and one in Up-
per Egypt (Qena (Q); buffalo-sugar-cane-based 
systems). Buffalo milk is essentially used fresh 
or produced into butter. Buffalo milk revenue in 
B was significantly higher (P≤0.05) than that in 
Q and K. This could be because total milk yield 
was higher in B than K. The amount of buffalo 
milk rations sold in B was the highest, followed 
by K and Q. This may be due to high milk costs 
which induce producers to give extra attention 
to milking buffalo. Request for buffalo milk in 
B was more than the milk produced. In K, two-
thirds of buffalo milk was purveyed and the rest 
was used for house consuming. In Q, however, 
milk marketing and selling was very basic due 
to social traditions of farmers sharing milk be-
tween neighboring households, workers, and rel-
atives. Farmers receive agreeable prices for milk 
sold directly to consumers in the three targeted 
governorates. Variations between farm prices 
and other prices might be because the volume 
of milk produced in K was higher than local de-
mand. As a result, distributers bring the milk to 
larger towns that offer best prices. The ratio of 
market cost damages in Q was higher than in 
B. This might be due to the long distances be-
tween milk farmers and markets, or the weak 
productivity of cows’ traders collect milk from, 
which costs more money. There is an apparent 
difference in milk marketing margins among 
farm prices and consumer prices because of the 
chunks of farm revenues that traders receive as 
commission. This implies that farmers could ac-
quire additional milk revenue if producer associ-
ations or cooperatives are established to enhance 
farm milk value. Treating milk to extend its shelf 

life is a viable alternate that can warranty best 
market costs. 

This paper contributes to the efficiency litera-
ture by comparing TE levels of Delta region and 
Upper Egyptian livestock farms. Performance 
differences between the two farm types are also 
analyzed by determining the maximum output 
using different inputs in the production process. 
To our knowledge, this is the first attempt to 
study TE for livestock farms in Egypt using the 
DEA method.

3. Livestock production industry in Egypt

The majority of the farms in Egypt are mixed 
crop/livestock farming system with buffalo, cat-
tle, sheep, and goats. The farm size is mostly 
small (1.2-9.7 hectare) with high cropping in-
tensity. In addition to growing grains and crops, 
ruminants are critical to local farming systems 
in Egypt. Seasonal sales of these products rep-
resent the main method used by rural families to 
access currency, to invest in agricultural inputs, 
and to improve their households. Crop residues 
(i.e. animal fodder, straw) are essential for these 
ruminants, providing nutritious feed during the 
summer season and ensuring the fattening of the 
animals. The key aspect of the system is current-
ly under developed leading to an under produc-
tion of several livestock by-products, such as 
milk and cheese. It is unable to breed stronger 
flocks by the rural communities, who are often 
unaware of the dietary benefits of different crops 
and types of straw partially for the recycling of 
nutrient to maintain soil fertility and provide ad-
ditional income in the form of milk and/or meat. 
Feed quality strongly varies with season, with 
the best feed available in winter with the pro-
duction of clover. The ruminants are responded 
to the variation in feed supply by adjusting milk 
production and fertility. The major problem to 
achieve significant development in the dairy sec-
tor is the small size of the farms, which is the 
result of the inheritance system.

In 2017, the live animals in Egypt were 181.6 
million heads representing 5.6% of live animals 
in Africa and were imported around 2 million 
head. Cattlesand buffaloes represent 4.6% (8.4 
million head) of the total live animals in Egypt, 
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while sheep and goats represent 5.5% (10 mil-
lion head), and poultry birds represent the ma-
jority of the live animals in Egypt which is 
94.7%. That amount of live animals produced 
2.2 million tons of meat and 4.6 million tons of 
milk (FAOSTAT, 2017).

The production of yellow corn in Egypt is 
not sufficient to meet the animal feed demand 
and covers less than 20% of its feed demand 
needs. In 2018, Egypt imports a total of around 
9.1 million metric tons of yellow corn (US-
DA-FAS, 2019). Most of the yellow corn is im-
ported from Argentina, Ukraine, Brazil and the 
United States by 2.7, 2.4, 2.1, and 1.8 million 
metric tons, respectively.

4. Methodology

Data Envelopment Analysis (DEA) is used to 
assess and compare TE levels between Delta re-
gion and Upper Egypt livestock farmers. While 
the DEA method has been widely used in agri-
cultural economics literature (Wang et al., 2018; 
Toma et al., 2017; Baležentis, 2015; Vasiliev 
et al., 2008), empirical studies that use DEA to 
assess TE among livestock farmers are scarce, 
even more so in developing economies. The 
DEA model is based on Charnes et al. (1978) 
and shows the performance of a DMU among 
certain famers or agricultural firms by determin-
ing the ranks of the entities. Thus, inefficiently 
used inputs that are identified, which is relevant 
for making appropriate management decisions 
and creating support schemes to enhance farm 
efficiency, leading to an improvement in produc-
tion competitiveness. The DEA model converts 
the multiple inputs into multiple outputs to eval-
uate economic performance through estimating 
operational processes (Cooper, 2011; Toma et 
al., 2015). This model could be either input-ori-
entated (minimize inputs used to obtain the same 
level of output) or output-oriented (maximize 
outputs through using the same level of inputs) 
(Malana and Malano, 2006; Toma et al., 2015). 
In the agricultural sector, output-oriented DEAs 
are preferred, as farms tend to maximize their 
outputs given the scarcity of the resources. For 
this purpose, the objective of this analysis is to 
estimate TE under a circumstance whereby the 

DMUs produce the maximum feasible outputs 
for a fixed level of inputs. Each DMU estimated 
has different input components to produce differ-
ent levels of outputs, then each DMU efficiency 
score is compared with the most efficient DMU 
using the DEA approach (Toma et al., 2015). 

The first DEA model developed by Charnes, 
Cooper, and Rhodes (1978) assumed constant 
returns to scale (CRS), which became known 
as the ‘CCR model’ in the literature. Subse-
quently, Banker, Charnes, and Cooper (1984) 
extended the CCR model to account for varia-
ble returns to scale (VRS), which is known as 
the ‘BCC model’.

Assuming there are N decision making units 
(DMUs), where each DMU uses K inputs to 
produce M outputs, the ith DMU utilizes xki units 
of the kth inputs to produce ymi units of the mth 
outputs.

According to the BCC model, the output-ori-
ented VRS DEA model for the ith farm unit can 
be expressed as follows:

 (1)

Subject to

 for kλ iji=l

N∑ xki + skj
_

= xkj1,..,K

 for mλ iji=l

N∑ xki + skj
_

= xkj1,..,M

 for jλ iji=l

N∑ xki + skj
_

= xkj1,2,...,N

 for iλ iji=l

N∑ xki + skj
_

= xkj1,2,...,N

 for kλ iji=l

N∑ xki + skj
_

= xkj1,..,K
 and mλ iji=l

N∑ xki + skj
_

= xkj1,...,M

where 1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑

 and 
1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑

 is the proportion-
al increase in outputs that could be achieved 
by the ith farm with input quantities held con-
stant; 

1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑

 is the kth input slack for the jth farm; 

1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑

 is the mth output slack for the jth farm; and 

1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑
  

is the farm weight of the jth farm unit. If the con-
straint  is eliminated, this VRS DEA model will 
turn into an output-oriented CRS DEA model, 
also known as the output-oriented CCR model.

The output-oriented DEA frontier attempts 
to maximize the proportional increase in out-
put levels while remaining within the envelop-
ment space or efficiency frontier. The propor-
tional increase in output is achieved when the 

maxφ j
φ j,λ ij

maxφ j
φ j,λ ij

λ iji=l

N∑ xki + skj
_

= xkj

λ iji=l

N∑ ymi − smj
+ = φ jymj

λ iji=l

N∑ = 1

λ ij ≥ 0,

skj
− ≥ 0,smj

+ ≥ 0,
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output slack,

1≤ φ ≤ ∞
φ j −1

skj
−

smj
+

λ ij

λ ij = 1i=l

N∑

, becomes zero. If φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

, 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

  
for 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

, and 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

 for 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

, the results indi-
cate the jth farm unit is efficient and lies on the 
frontier. If 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1 , 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

 for 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

, and 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

 
for 

φ j = 1

λ ij = 1

i = j
λ ij = 0

i ≠ j
φ j >1

, the results indicate the jth farm unit 
is inefficient and lies outside the frontier.

The efficient output level for the jth farm unit, 
denoted by , is defined as:

 (2)

Following Farrell (1957), the output-oriented 
TE score of the jth farm is defined as the ratio 
of observed output to the efficient output, which 
can be expressed as:

 (3)

Hence, 1/φj defines an output-oriented TE 
scores of the jth farm, which varies between zero 
and one.

To investigate the nature of scale inefficien-
cies, whether the DMU is operating in an area of 
increasing or decreasing returns to scale (RTS),1 
an additional DEA problem with non-increas-
ing returns to scale (NIRS) can be run. This can 
be done by altering the VRS DEA model by 
substituting the λ iji=l

N∑ = 1  constraint with the 
λ iji=l

N∑ ≤1  constraint. Then, the nature of the 
scale inefficiencies for a particular farm can be 
determined by comparing whether the TE scores 
obtained from the NIRS frontier is equal to the 
TE scores from the VRS frontier. Equal scores 
imply that the firm is operating at decreasing 
RTS; conversely, unequal scores imply that the 
firm is operating at increasing RTS. The VRS 
hypothesis is based on that the unit size is fixed 
and focused on the short term. In our case of the 
mixed farming system with different scales, the 
farmers can control the sizes. Thus, the VRS 
DEA model has been applied.

1 RTS is a commonly used measure to describe the long-run production where firms are able to adjust all inputs in 
respond to change the scale of production. RTS measures rate at which all output increase as all inputs are increased 
proportionally. During the production process, an increasing RTS can occur when the outputs increase more than 
an increase in inputs used. Similarly, a decreasing RTS can occur when the outputs increase less than an increase in 
inputs used whereas a constant RTS occurs when the outputs increase the same proportion as an increase in inputs 
used. For example, farm outputs increase more than double when all inputs are doubled. This implies that the farm 
has experienced an increasing RTS. 

In addition, this study employs a Tobit regres-
sion model (also known as truncated or censored 
regression model) to investigate factors influ-
encing a farm’s efficiency. Since the output-ori-
ented TE scores obtained from the VRS DEA 
model have values at the interval 〈0,1〉, the use 
of classical regression may lead to distorted re-
sults as the condition of the least squares, which 
is used to estimate the parameters of the regres-
sion model, is not met. The type of regression 
for a limited dependent variable is used to deter-
mine the relationship between the TE scores and 
other factors. 

The standard Tobit regression model is char-
acterized as:

 (4)

where Yi is the dependent variable represent-
ing the TE scores obtained from the VRS DEA 
model; Zi is the environmental variable which 
could influence the farm’s efficiency and is as-
sumed not to be under the control of the farmer; 
β is the coefficient parameter for the Zi variable 
indicating the expected proportionate change of 
the dependent variable with respect to one unit 
change in the environmental variable Zi holding 
other factors constant; and εi~Ν(0,σ2).

5. Empirical application and results

This analysis is based on cross sectional data; 
the survey data was conducted via face-to-face 
interviews and questionnaires with smallholder 
farmers during the period from January to July 
2015 in Egypt’s Delta region (specifically from: 
El Menoufia, El Sharkia, Qaluibia, Kafr-Elshikh, 
and El Behira Governorates) and Upper Egypt 
(specifically from: El Fayum, Suhag, Assiut, El 
Minya, and Beni-Suef Governorates). The sam-
ple data used in this study consists of 838 dairy 

yj
* = λ ijy j = φ ji=l

N∑ yj

TEj =
yj
yj
* =

yj
φ j y j

= 1
φ j

Yi =
β 'Zi + εi
0

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
β 'Zi + εi > 0
β 'Zi + εi ≥ 0

Yi =
β 'Zi + εi
0

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
β 'Zi + εi > 0
β 'Zi + εi ≥ 0

,
,



NEW MEDIT N. 2/2020

140

smallholder farmers (500 dairy farmers in the 
Delta region and 338 in Upper Egypt). The Del-
ta region and Upper Egypt differ in terms of the 
soil types and the nature of the climate, as well 
as geographical characteristics that could affect 
dairy production. For these reasons, the TE anal-
ysis was conducted to compare smallholder live-
stock production in the two regions.

The survey data provided multiple inputs and 
outputs for each of the 838 dairy farms. The 
data set includes four outputs measured in kilo-
grams (butter, cheese, milk and meat). The three 
inputs include land cultivated per feddan (0.42 
hectares); animal input per head, including buf-
falo, cattle, sheep and goats; and total number 
of hired labor for animal production. The envi-
ronmental variables that could influence the TE 
scores include the region (Delta or Upper); edu-
cation classified into three subgroups (universi-
ty or high school, read and write, or illiterate); 
graduation classified into three subgroups (ag-
ricultural certificate holder, another certificate 
holder, or other(s)); land size per feddan; and ac-
tivity goal classified into two subgroups (farms 
with only milk production or farms having both 
milk production and calving activities).

Table 1 presents a summary of the descriptive 
statistics for the input and output variables of the 
838 dairy farms in Egypt. The outputs (butter, 

milk, cheese, and meat) are expressed by the av-
erage of the outputs per kilogram of each farmer. 
It provides a general description of the input and 
output set of the livestock farms sampled in each 
region. The differences among livestock farms 
in our sample are reflected by the high standard 
deviations. Farms in the Delta region produce 
higher outputs, including butter, cheese, milk 
and meat, compared to farms in Upper Egypt. 

Table 2 presents the average livestock farm 
output-oriented TE scores obtained from the 
DEA model for both regions. The value of the 
TE scores is bound between zero and unity. The 
value of output-oriented TE scores equal to one 
implies that livestock farmers can produce the 
maximum feasible outputs for a given level of 
inputs. The TE scores for all the surveyed live-
stock farms in Egypt range from 0.132 to 0.854, 
with an average of 0.354. These findings imply 
that the livestock farms in this study could have 
been producing 64.6% more farm products (i.e., 
butter, cheese, milk, and meat) on average for 
a given level of land, labor, and animal inputs. 
Turning to differences in the TE scores across the 
two regions, the findings show that farms in the 
Delta region have higher TE scores than those in 
the Upper region. The TE scores for farms in the 
Delta region range from 0.151 to 0.889, with an 
average of 0.344, while the TE scores for farms 

Table 1 - A summary of descriptive statistics.

Variable
Delta (500 farms) Upper (338 farms)

Mean SD Min Max Mean SD Min Max
Butter 236.56 49.73 0.00 7320.00 165.52 73.27 0.00 1830.00
Cheese 541.24 111.83 0.00 1647.00 376.72 191.11 0.00 1117.50
Milk 9961.75 51.05 0.00 5612.00 1487.54 33.04 0.00 1508.00
Meat 162.77 33.54 0.00 494.10 114.11 31.91 0.00 223.53
Land 3.82 8.03 0.13 28.00 2.66 8.44 0.08 20.00
Animal input 15.21 29.11 5.00 270.00 7.47 12.95 4.00 152.00
Labor 2.26 2.84 2.00 15.00 2.12 2.63 1.00 12.00

Table 2 - Average farm output-oriented TE scores by each region.

Region Mean TE SD Min Max
Delta 0.364 0.166 0.151 0.889
Upper 0.307 0.189 0.104 0.801
Total 0.354 0.175 0.132 0.854
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in the Upper region range from 0.104 to 0.801, 
with an average of 0.307. These results suggest 
that farms in the Delta region could potentially 
produce 63.6% more butter, cheese, milk and 
meat, and farms in Upper Egypt could poten-
tially produce 60.3% more farm products for a 
given level of their input uses.

There are a set of reasons that make farms in 
Upper Egypt are not working efficiently com-
pare to the farms in the Delta region; they are: 
the high-temperature in Upper Egypt is affecting 
negatively the generation of the milk production 
and thus decreasing the TE. The illiteracy rate in 
Upper Egypt is higher than in the Delta region 
given that our results indicate that the illiteracy 
rate is affecting negatively the TE, the infrastruc-
ture in Upper Egypt is not suitable for supporting 
improve the production efficiency to marketing 
and selling livestock product in this region.

Table 3 reports the frequency distribution of 
the TE scores by farm in each region, indicat-
ing that more than 60% of all Egyptian livestock 
farms obtained TE scores of 40% or lower. Ap-
proximately 11% of farms in the Delta region 
obtained TE scores of 60% or higher, while only 
less than 10% of farms in Upper Egypt obtained 
TE scores of 60% or higher.

Table 4 also reports the frequency distribution 
of the returns to scale (RTS) by farm in both re-

gions. The findings show that there are only 71 
farms in the Delta region and 46 farms in the 
Upper region exhibiting a constant RTS, which 
makes up the smallest amount of total farms. In-
creasing RTS dominates most farms in the Delta 
region whereas most farms in the Upper region 
exhibit decreasing RTS. The findings show that 
more than 46% of farms in the Delta region ex-
hibit increasing RTS and approximately 39% 
exhibit decreasing RTS. These results are con-
sistent with those findings of Hjalmarsson et al. 
(1996). In contrast, more than 51% of farms in 
Upper Egypt exhibit decreasing RTS and only 
39% exhibit increasing RTS. These results are 
consistent with those findings in Sharma et al. 
(1997) and Jaforullah and Whiteman (1999). 

To examine the factors affecting TE scores 
of Egyptian dairy farms, five environmental 
variables are defined and analyzed in this study 
including region (Delta/Upper), land size, ed-
ucation, graduation, and activity goal. Table 5 
presents the logistic regression estimation for 
these factors influencing the TE scores. All coef-
ficient estimates are significant at the 99%, 95%, 
and 90% confidence intervals, respectively. The 
coefficient estimates of the ‘Region’, ‘Edu1’, 
‘Activity’ and ‘Grad2’ variables are statistical-
ly significant at the 95% confidence interval. 
The coefficient estimates of the ‘Size’ variable 

Table 3 - Frequency distributions of TE scores by each region.

TE
Delta Upper

No. of farms % of farms No. of farms % of farms
0.0-0.2 67 13.4 50 14.8
0.2-0.4 271 54.2 206 60.9
0.4-0.6 107 21.4 52 15.4
0.6-0.8 45 9.0 23 7.4
0.8-1.0 10 2.0 7 1.5
Total 500 100.0 338 100.0

Table 4 - Frequency distributions of returns to scale (RTS) by each region.

RTS
Delta Upper

No. of farms % of farms No. of farms % of farms
Constant RTS 71 14.2 46 13.6
Decreasing RTS 195 39.0 174 51.5
Increasing RTS 234 46.8 118 34.9
Total 500 100.0 338 100.0
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are statistically significant at the 99% interval, 
and the coefficient estimates of the ‘Edu2’ and 
‘Grad1’ variables are statistically significant 
at the 90% interval. The findings indicate that 
farms in the Delta region positively influence 
TE improvement. Higher education and hold-
ing a certificate have a positive influence on TE 
improvement. Dairy farms with only milk pro-
duction also have a positive influence on TE im-
provement. However, farm size has a negative 
influence on TE improvement. These results are 
consistent with previous studies (Bravo-Ureta 
and Rieger, 1991; Binici et al., 2006). The ma-
jority of the animal production farmers in Egypt 
are smallholders and lacking for the advantages 
of the large scale such as procuring the inputs 
with lower prices, producing a higher quantity 
of the animal products, utilizing specialized and 
modern machineries to reduce production costs, 
utilizing specialized labors to produce a larger 
output with better quality and promoting R&D 
that could lead to discover a good and cheaper 
process. Nevertheless, our finding indicates that 
small-scale farms are found to be more tech-
nically efficient compared to large-scale cate-
gories. It could be because of the difficulty of 
controlling the large-scale farms where the su-
pervision becomes ineffective and wastage of in-
puts becomes more widely. The low levels of TE 

Table 5 - The results of Tobit regression for efficiencies.

Variablea Coefficients P-value
Constant 0.329*** 0.000
Region 0.030** 0.013
Edu1 0.184** 0.025
Edu2 0.028* 0.056
Activity 0.032** 0.013
Grad1 0.154* 0.062
Grad2 0.176** 0.022
Size -0.103*** 0.002
R2 0.628
F(9, 837) 12.685

Note: a Region (1=Delta, 0=Upper); Edu1 (1= uni-
versity/high school, 0=other); Edu2 (1=read and 
write, 0=other); Activity (1=milk production, 0=milk 
and calve production); Grad1 (1= agricultural certif-
icate holder, 0=other); Grad2 (1= another certificate 
holder, 0=other); Significance level: * significant at 
10%; ** significant at 5%; *** significant at 1%

indicate that most farms are unable to catch up 
with the production frontier under the existing 
production technology, which could be because 
of that most of the animal production farmers are 
smallholders and depend on the unofficial mar-
kets to distribute their products with low price, 
while receiving low profit. Thus, the technology 
used and production efficiency cannot be further 
improved by those farmers.

The decreasing economic performance of 
livestock farms in Upper Egypt compared to the 
Delta region is because of a few reasons. The 
concept of milk marketing is still very custom-
ary and simple, with farmers using the milk from 
home consumption or giving it to neighbors and 
relatives for free. High feed costs are also one 
of the reasons for reduced farm efficiency in 
Upper Egypt, as well as the lack of equipment 
and administrative skills, which are common 
constraints within the milk and meat processing 
sector. Poor infrastructure is the main hindrance 
to marketing and selling livestock product in this 
region. Elbadawy (2014) found that illiteracy in 
Upper Egypt was especially high among young 
adults (30%), and 27% of the youth had not 
completed compulsory education. This certain-
ly negatively affects the efficiency of livestock 
production. 

6. Concluding remarks and 
recommendations

Measuring the TE of crop-livestock farming 
systems has drawn research attention to research 
in developing economies as more data becomes 
available. These analyses are of high political, 
social, and economic interest, especially in light 
of low-income levels and chronic poverty af-
fecting these countries. Our analysis focuses on 
measuring the economic performance of mixed 
crop-livestock farming systems in the Upper and 
Delta regions of Egypt using farm-level data for 
838 mixed crop-livestock farmers. This study 
applies a non-parametric, output-oriented VRS 
DEA model to estimate TE over the distribu-
tion that lies on or below the frontier line. Ag-
ricultural production technologies in this study 
are represented by four outputs and three in-
puts. Empirical results indicate that average TE 
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scores for livestock farms in this study is 0.354, 
implying that these farms have the opportunity 
to increase outputs by 64.6% for a given level 
of input use. Results also show that the livestock 
production farmers in the Delta region have 
higher TE scores, on average, than Upper Egypt 
farms (0.344 and 0.307, respectively). Moreo-
ver, more than 60% of all farms used in the anal-
yses obtained TE scores of 40% or lower; about 
11% of the farms in the Delta region obtained 
TE scores of 60% or higher and 10% of farms in 
the Upper region obtained TE scores of 60% or 
higher. Results also indicate that more than 46% 
of farms in the Delta region exhibit increasing 
RTS and approximately 39% exhibit decreas-
ing RTS. While more than 51% of farms in the 
Upper region exhibit decreasing RTS and only 
39% exhibit increasing RTS. Five environmen-
tal variables used to assess the factors affecting 
the TE improvement include region, land size, 
education, graduation, and activity goal. 

The results suggest that TE improvement of 
the livestock farms is positively influenced by 
the Delta region, higher education, holding a 
certificate, and farms with just milk production. 
TE improvement is negatively affected by farm 
size, implying that small-scale farms perform 
more efficiently than large-scale farms. 

The relatively low levels of TE indicate that 
most farms are unable to catch up with the pro-
duction frontier under the existing production 
technology. Since the inefficiencies are nor-
mally associated with motivation, information, 
and institutional environment problems, policy 
makers should pay more attention to various fac-
tor market reforms as a whole. Farmers’ rights 
to land should be strengthened and extended so 
that land tenure is more secure. Possible policy 
measures could include complete land titling to 
grant full property rights to farmers and hence 
establish a foundation for the development of 
rural rental and credit markets where land could 
be used as collateral.

The presence of decreasing RTS also has im-
portant policy implications with respect to the 
government’s recent policy focus on supporting 
the creation of large-scale farms. Adjusting the 
structure of farm production is needed in order 
to reach the optimal proportion of various input 

use. The progress of this adjustment will also 
rely on the successful reform of land and labour 
markets. This study also finds that higher educa-
tion and holding a certificate are important to the 
improvement of agricultural efficiency. Given 
these results, there are a set of suggested recom-
mendations geared towards improving the TE 
of livestock farms in Egypt. It is recommend-
ed the government should improve the quality 
of formal education and agricultural extension 
services for farmers. Our finding also allows for 
providing interesting policy implications such 
as the provision of technical assistance through 
cooperatives and extension services that could 
improve the performance of farmers and facil-
itating and improving the education levels, par-
ticularly in the Upper Egypt region which has 
the lowest literacy rate. In addition, The Egyp-
tian government could establish a gathering 
point for animal products with cooperatives or 
non-governmental organizations (NGOs). This 
could help smallholder farmers, especially those 
in Upper Egypt, to easily market their animal 
products with higher prices, enabling farmers to 
enhance their productivity.

This research study could be extended by as-
sessing the organic farming for animal-based 
products in Egypt using TE models that could 
be desirable for future studies. Further models 
could be supplemented by the present estimation 
results, such as the local maximum likelihood 
(LML) approach and Zero Inefficiency Stochas-
tic Frontier Model (ZISFM).

References

Abdel Aziz A., Sadek R.R., 1999. Policy issues in the 
dairy sub-sector. 46 p., Workshop on production, 
processing and marketing policy issues in the dairy 
sub-sector, held on 28, November 1999 at the Pyra-
misa Hotel, Giza, Egypt.

Abdel-Salam S.A.M., 2019. Characterization of buf-
falo dairy production systems in Egypt using clus-
ter analysis procedure. J. Buffalo Sci., 8: 13-19.

Aigner D.J., Lovell C.A.K., Schmidt P., 1977. Formu-
lation and estimation of stochastic frontier produc-
tion function models. J. Econom., 6: 21-37. 

Ayeb H., Bush R., 2014. Small Farmer Uprisings and 
Rural Neglect in Egypt and Tunisia. Views from the 
provinces. Middle East Report 272. https://www.



NEW MEDIT N. 2/2020

144

merip.org/mer/mer272/small-farmer-uprisings-ru-
ral-neglect-egypt-tunisia.

Baležentis T., 2015. The sources of the total factor 
productivity growth in Lithuanian family farms: a 
Färe-Primont index approach. Prague Econ. Pap., 
24(2): 225-241.

Banker R.D., Charnes A., Cooper W.W., 1984. Some 
models for estimating technical and scale ineffi-
ciencies in data envelopment analysis. Manag. sci., 
30(9): 1078-1092.

Binici T., Demircan V., Zulauf C.R., 2006. Assess-
ing production efficiency of dairy farms in Burdur 
province, Turkey. J. Agr. Rural Develop. Trop. Sub-
trop, 107(1): 1-10.

Błażejczyk-Majka L., 2017. Application of DEA 
for Evaluating the Efficiency of Economic Policy 
as Exemplified by EU Agriculture. Studia Histo-
riae Oeconomicae, 35(1): 163-176, https://doi.
org/10.1515/sho-2017-0011. 

Bravo-Ureta B.E., Rieger L., 1991. Dairy farm efficien-
cy measurement using stochastic frontiers and neo-
classical duality. Am. J. Agri. Econ., 73(2): 421-428.

Canadian Dairy Information Centre (CDIC), 2014. 
Global consumption per capita of dairy products 
(total cheese consumption). http://www.dairyinfo.
gc.ca/index_e.php?s1=dffcil&s2=cons&s3=cons-
glo&s4=tc-ft.

Charnes A., Cooper W.W., Rhodes E., 1978. Meas-
uring the efficiency of DMUs. Eur. J. Op. Res., 2: 
429-444.

Cooper W.W., Seiford L.M., Zhu J., 2011. Data envel-
opment analysis: History, models, and interpreta-
tions. In: Cooper W.W., Seiford L.M., Zhu J. (eds.), 
Handbook on data envelopment analysis. Boston, 
MA: Springer, pp. 1-39.

Demircan V., Binici T., Zulauf C.R., 2010. Assessing 
pure technical efficiency of dairy farms in Turkey. 
Agri. Econ-Czech, 56(3): 141-148.

Elbadawy A., 2014. Education in Egypt: Improvement 
in attainment, problems with quality and inequality. 
Working paper No. 854. Dokki, Giza: The Econom-
ic Research Forum. https://erf.org.eg/wp-content/
uploads/2015/12/854.pdf.

Fahim N.H., Abdel-Salam S., Mekkawy W., Ismael 
A., Abou-Bakr S., El Sayed M., Ibrahim M.A.M., 
2018. Delta and Upper Egypt buffalo farming sys-
tems: a survey comparison. Egyp. J. Anim. Prod., 
55(2): 95-106.

FAO, 2017. Study on small-scale family farming in 
the near East and North Africa region. Focus coun-
try Egypt. Cairo: FAO, CIHEAM-IAMM and CI-
RAD. Available at: http://www.fao.org/3/a-i6497e.
pdf (accessed 13 September 2018).

FAOSTAT, 2015. Food and Agriculture Organization 
of the United Nations, Statistics Division. Dataset. 
Available at http://faostat3.fao.org/faostat-gateway/
go/to/download/Q/*/E (accessed 13 September 2018).

FAOSTAT, 2016. Food and Agriculture Organization 
of the United Nations, Statistics Division. Dataset. 
Available at http://faostat3.fao.org/faostat-gateway/
go/to/download/Q/*/E (accessed 13 September 
2018).

FAOSTAT, 2017. Food and Agriculture Organization 
of the United Nations, Statistics Division. Dataset. 
http://faostat3.fao.org/faostat-gateway/go/to/down-
load/Q/*/E (accessed March 2019).

Farrell M.J., 1957. The measurement of productive 
efficiency. J. R. Stat. Soc., 120: 253-290.

Fraser I., Hone P., 2001. Farm-Level Efficiency and 
Productivity Measurement Using Panel Data: Wool 
Production in South-West Victoria. Aust. J. Agri. 
Econ., 45(2): 215-232.

Galluzzo N., 2018. A nonparametric analysis of 
technical efficiency in Bulgarian farms using 
the Fadn dataset. Europ. Countrys, 10(1): 58-73, 
DOI:10.2478/euco-2018-0004.

Gelan A., Muriithi B., 2010. Measuring and Explain-
ing Technical Efficiency of Dairy Farms: A Case 
Study of Smallholder Farms in East Africa. Pre-
sented at the 3rd Conference of African Association 
of Agricultural Economists Africa and the Global 
Food and Financial Crises, Cape Town, South Afri-
ca, 19-23 September.

Hjalmarsson L., Kumbhakar S.C., Heshmati A., 1996. 
DEA, DFA and SFA: a comparison. J. Product. 
Anal., 7(2-3): 303-327.

Ibrahim M.A., Abdelrazek I.M., 2012. Water buffalo 
for our next generation in Egypt and in the world. 
Anim. Sci. Ser. D., LV: 183-192.

Jaforullah M., Whiteman J., 1999. Scale efficiency in 
the New Zealand dairy industry: a non-parametric 
approach. Aust. J. Agric. Resour. Econ., 43(4): 523-
541.

Khalil M.A.I., Ahmad A.I.M., 2013. Efficiency for 
dairy farms (case study in Kafer El-Sheikh – El-Be-
heira – Qena Governorates). J. Anim. Poult. Prod-
uct., 4 (2): 107-115.

Li L., Maher K., Navarre-Sitchler A., Druhan J., 
Meile C., Lawrence C., Beisman J., 2017. Expand-
ing the role of reactive transport models in critical 
zone processes. Earth-Sci. Rev., 165: 280-301, 
DOI:10.1016/j.earscirev.2016.09.001.

Malana N.M., Malano H.M., 2006. Benchmarking 
productive efficiency of selected wheat areas in Pa-
kistan and India using data envelopment analysis. 
Irrig. Drain., 55(4): 383-394.



NEW MEDIT N. 2/2020

145

Meeusen W., van den Broeck J., 1977. Efficiency es-
timation from Cobb-Douglas production functions 
with composed error. Int. Econ. Rev., 18: 435-444. 

Michaličková M., Krupová Z., Krupa E., 2013. Tech-
nical efficiency and its determinants in dairy cattle. 
Acta Oecon. Inform., 16(1): 2-12.

Mohamed A.I., Aly A.A., Mohamed A.A., 2008. 
Economic analysis for present and future demand 
on livestock production in Egypt. Egypt. J. Agri. 
Econo., 18: 1153-1174.

O’Neill S., Matthews A., Leavy A., 1999. Farm Tech-
nical Efficiency and Extension. Trinity Economics 
Papers, no. 12. Dublin: Trinity College, Depart-
ment of Economics.

Sharma P., Chrisman J.J., Chua J.H., 1997. Strategic 
management of the family business: Past research 
and future challenges. Family business review, 
10(1): 1-35.

Spicka J., 2014. The regional efficiency of mixed crop 
and livestock type of farming and its determinants. 
Agris on-line Papers in Economics and Informat-
ics, 6(1): 99-109.

Stokes J.R., Tozer P.R., Hyde J., 2007. Identifying 
Efficient Dairy Producers Using Data Envelop-
ment Analysis. J. Dairy. Sci., 90(5): 2555-2562, 
DOI:10.3168/jds.2006-596. 

Tabana A.S., 2000. Development of a decision sup-
port system for individual dairy farms in mixed 
irrigated farming systems in the Nile Delta. PhD 
thesis, Wageningen University, Wageningen, The 

Netherlands. https://library.wur.nl/WebQuery/wur-
pubs/fulltext/199015.

Toma E., Dobre C., Dona I., Cofas E., 2015. DEA ap-
plicability in assessment of agriculture efficiency 
on areas with similar geographically patterns. Ag-
ric. Agric. Sci. Proced., 6: 704-711.

Toma P., Miglietta P.P., Zurlini G., Valente D., Pet-
rosillo I., 2017. A non-parametric bootstrap-data 
envelopment analysis approach for environmental 
policy planning and management of agricultural ef-
ficiency in EU countries. Ecol. Indic., 83: 132-143.

Tzouvelekas V., Pantzios C.J., Fotopoulos C., 2001. 
Technical Efficiency of Alternative Farming Sys-
tems: the Case of Greek Organic and Conventional 
Olive-growing Farms. Food Policy, 26(6): 549-
569.

USDA Foreign Agriculture Service (USDA-FAS), 
2019. Egypt. Grain and Feed Annual 2019. https://
gain.fas.usda.gov/Recent%20GAIN%20Publica-
tions/Grain%20and%20Feed%20Annual_Cairo_
Egypt_3-14-2019.pdf (accessed March 2019).

Vasiliev N., Astover,A., Mõtte M., Noormets M., Reintam 
E., Roostalu H., Matveev E., 2008. Efficiency of Esto-
nian grain farms in 2000 2004. Agric.Food Sci., 17(1): 
31-40, https://doi.org/10.2137/145960608784182272.

Wang K., Wei Y.M., Huang Z., 2018. Environmental 
efficiency and abatement efficiency measurements 
of China’s thermal power industry: A data envel-
opment analysis based materials balance approach. 
Eur. J. Oper. Res., 269(1): 35-50.


