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RESUMEN 

ECONOMÍA DE TRIGO EN EGIPTO 

 

Este estudio pretende estimar la eficiencia y la productividad de las principales 

provincias de la producción de trigo en Egipto. Los datos utilizados en este estudio son 

datos de panel a nivel de provincias del período 1990-2012, obtenidos del Ministerio de 

Agricultura y Recuperación Tierras, y de la Agencia Central de Movilización Pública y 

Estadística, Egipto. Se aplica el enfoque de fronteras estocásticas para medir la eficiencia 

(función de producción de Cobb-Douglas) y se emplean las especificaciones de Battese y 

Coelli (1992) y (1995). También se utiliza el índice de Malmquist como una 

aproximación no paramétrica (Análisis de Envolvente de Datos) para descomponer la 

productividad total de los factores de las principales provincias productoras de trigo en 

Egipto en cambio técnico y cambio de eficiencia. 

El coeficiente de tierra es positivo y significativo en los dos especificaciones 

Battese y Coelli (1992) y (1995), lo que implica que aumentar la tierra para este cultivo 

aumentaría significativamente la producción de trigo. El coeficiente de trabajo es positivo 

y significativo en la especificación de Battese y Coelli (1992), mientras que es positivo y 

no significativo en la especificación de Battese y Coelli (1995). El coeficiente de la 

maquinaria es negativo y no significativo en las dos especificaciones de Battese y Coelli 

(1992) y (1995). El coeficiente de cambio técnico es positivo y no significativo en la 

especificación de Battese y Coelli (1992), mientras que es positiva y significativo en la 

especificación de Battese y Coelli (1995). 
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Las variables de efectos del modelo de ineficiencia Battese y Coelli (1995) 

indican que no existe impacto de las diferentes provincias en la producción de trigo en 

Egipto; la ineficiencia técnica de la producción de trigo tendió a disminuir durante el 

período de estudio; y no hay ningún impacto de género en la producción de trigo en 

Egipto. Los niveles de eficiencia técnica varían entre las diferentes provincias para las 

especificaciones de Battese y Coelli (1992) y (1995); el nivel mínimo medio de eficiencia 

técnica es 91.61% en la provincia de Fayoum, mientras que el nivel máximo medio de la 

eficiencia técnica es 98.69% en la provincia de Dakahlia. La eficiencia técnica toma un 

valor medio de 95.37%, lo que implica poco potencial para mejorar la eficiencia de uso 

de recursos en la producción de trigo. La TFPCH de la producción de trigo en Egipto 

durante el período 1990-2012 tiene un valor menor que uno y muestra un declive. Esta 

disminución es debida más al componente de cambio técnico que al componente de 

cambio de eficiencia. La disminución de TFPCH mejora con el tiempo. La provincia de 

Menoufia tiene la menor disminución en TFPCH, 6.5%, mientras que dos provincias, 

Sharkia y Dakahlia, son las que más disminuyen en TFPCH, 13.1%, en cada uno de ellas. 

Menos disminución en TFPCH ocurre en el período 2009-2010, 0.3%, mientras que más 

disminución se produce en TFPCH en el período 1990-1991, 38.9%. La disminución de 

la PTF de la producción de trigo en Egipto se atribuye principalmente a la mala 

aplicación de la tecnología. 

 

Palabras clave: trigo, eficiencia, frontera estocástica, índice de Malmquist, Egipto.  
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ABSTRACT 

ECONOMICS OF WHEAT IN EGYPT 

 

The objectives of this study are to estimate the efficiency and productivity of the 

main governorates of wheat production in Egypt. The data used in this study is a panel 

data at the governorates level, it represents the time period 1990-2012 and taken from the 

Ministry of Agriculture and Land Reclamation, and the Central Agency for Public 

Mobilization and Statistics, Egypt. We apply the stochastic frontier approach for 

efficiency measurement (Cobb-Douglas production function) and the specifications of 

Battese and Coelli (1992) and (1995) are employed. Also we use Malmquist TFP index 

as a non-parametric approach (DEA) to decompose total factor productivity of the main 

governorates of wheat production in Egypt into technical change and efficiency change.   

The coefficient of land is positive and significant at Battese and Coelli (1992) and 

(1995) specifications, implying that increasing the wheat area could significantly enhance 

the production of wheat. The coefficient of labor is positive and significant at Battese and 

Coelli (1992) specification, while it is positive and insignificant at Battese and Coelli 

(1995) specification. The coefficient of machinery is negative and insignificant at the 

specifications of Battese and Coelli (1992) and (1995). The technical change coefficient 

is positive and insignificant at Battese and Coelli (1992) specification, while it is positive 

and significant at Battese and Coelli (1995) specification.  

The variables of the inefficiency effect model indicate that there is no impact from the 

location of the different governorates on wheat production in Egypt, the technical 
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inefficiency of wheat production tended to decrease through the period of study, and 

there is no impact from the gender on wheat production in Egypt. The levels of technical 

efficiency vary among the different governorates for the specifications of Battese and 

Coelli (1992) and (1995); the minimum mean level of technical efficiency is 91.61% at 

Fayoum governorate, while the maximum mean level of technical efficiency is 98.69% at 

Dakahlia governorate. The technical efficiency takes an average value of 95.37%, this 

implying that little potential exists to improve resource use efficiency in wheat 

production. The TFPCH of wheat production in Egypt during the time period 1990-2012 

has a value less than one and shows a decline; this decline is due mainly to the technical 

change component than the efficiency change component. The decline in TFPCH is 

generally improves over time. Menoufia governorate has the least declining in TFPCH by 

6.5%, while two governorates, Sharkia and Dakahlia have the most declining in TFPCH 

by 13.1% for each of them. The least declining in TFPCH occurred at the period 2009-

2010 by 0.3%, while the most declining in TFPCH occurred at the period 1990-1991 by 

38.9%. The declining in TFP of wheat production in Egypt is attributed mainly to poor 

application of technology.  

 

Key words: wheat, efficiency, stochastic frontier, Malmquist index, Egypt. 
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INTRODUCTION 
 

 

Egypt is located on the northeast corner of the African continent. It is bordered by 

Libya to the west, Sudan to the south, the Red Sea to the east, and the Mediterranean Sea 

to the north. Egypt has the largest, most densely settled population among the Arab 

countries (83.667 million in 2013). The total area of the country covers approximately 

one million square kilometers. However, much of the land is desert, and only 7.7 percent 

of Egypt’s area is inhabited. The Egyptian government has a policy of land reclamation 

and fostering of new settlements in the desert. Despite these efforts, the majority of 

Egyptians live either in the Nile Delta located in the north of the country or in the narrow 

Nile Valley south of Cairo (Ministry of Health and Population, Egypt, et al., 2015).  

The study represents the time period 1990-2012. There are two objectives for this 

study, general objective and specific objectives. The general objective is to deepen the 

knowledge of wheat cultivation in the main governorates of wheat production in Egypt. 

Among the specific objectives of the study are:  

 To estimate the efficiency levels in the main governorates of wheat production in 

Egypt. 

 To identify factors associated with efficiency levels.  

 To estimate the productivity in the main governorates of wheat production in 

Egypt.  

 To decompose productivity into efficiency and technological change.  
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 To propose an agricultural policy that allows to improve wheat production in 

Egypt. 

 

The study is structured in five chapters. Chapter 1 is devoted to wheat in Egypt. 

Chapter 2 is devoted to methodological aspects of efficiency and productivity 

measurement. Chapter 3 is devoted to review the previous empirical works on efficiency 

and productivity analysis in the field of agricultural production. Chapter 4 is devoted to 

data, models and results. Chapter 5 closes this study by drawing a summary, 

recommendations and suggestions for future research. The Bibliography is listed at the 

end.  

 

 



 

 

 

 

 

 

Chapter 1 
WHEAT IN EGYPT 
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Chapter 1 

1.1. Introduction   

Wheat is a various species of the genus Triticum and it is a grass with so many 

important uses that it is cultivated worldwide (Gowayed, 2009). Wheat is one of the first 

cereals known to have been domesticated, and it is not only an important crop today; it 

has also influenced human history. Wheat was a key factor enabling the emergence of 

city-based societies at the start of civilization because it was one of the first crops that 

could be easily cultivated on a large scale, and had the additional advantage of yielding a 

harvest that provides long-term storage of food. Bread wheat is known to have been 

grown in the Nile Valley by 5000 BC and it is believed that the Mediterranean region was 

the centre of domestication. The archaeological record suggests that this first occurred in 

the regions known as the Fertile Crescent, and the Nile Delta. The civilization of West 

Asia and of the European peoples has been largely based on wheat.  

There are several species of cultivated wheat and numerous wild grasses that are 

closely related to wheat. To aid in plant characterization and marketing, wheat has been 

separated into several commercial classes based on color, hardness of the kernel, and 

growing season. Some common types of wheat include (Whitesides, 1995); hard red 

spring, hard red winter, soft red winter, soft white spring, and soft white winter. The color 

of the wheat kernel depends upon the wheat type and may be amber, red, purple, or 

creamy white. Red and white wheat are the most common in the United States. The hard 

wheat classes are produced in areas that have dry temperate climates. The kernels are 
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usually small, red, have a hard texture, and strong gluten. Gluten is a substance that gives 

wheat flour its cohesive strength and allows it to stretch and expand while retaining gases 

as the fermenting dough expands. Wheat that does not have strong gluten allows gases to 

escape and makes poor quality bread because the dough cannot rise. Gluten can be 

purchased and added to poor quality flour in order to produce good quality bread. The 

white wheat classes are usually produced in areas where winters are relatively mild and 

there is adequate moisture. White wheat kernels are more plump and larger than red 

wheat kernels, have a softer texture than hard wheat, but are usually poor in gluten 

strength.  

Wheat contributes more calories and proteins to the world diet than any other 

cereal crops (Abd-El-Haleem et al., 1998; Adams et al., 2002; and Shewry, 2009). It is 

nutritious, easy to store and transport and can be processed into various types of food. 

Wheat is considered a good source of protein, minerals, B-group vitamins and dietary 

fiber (Shewry, 2007; and Simmonds, 1989), although the environmental conditions can 

affect nutritional composition of wheat grains with its essential coating of bran, vitamins 

and minerals; it is an excellent health-building food. Wheat is also used as animal feed, 

for ethanol production, wheat based raw material for cosmetics, wheat protein in meat 

substitutes and to make wheat straw composites. Wheat germ and wheat bran can be a 

good source of dietary fiber helping in the prevention and treatment of some digestive 

disorders (Simmonds, 1989). Wheat contains carbohydrate 78.10%, protein 14.70%, fat 

2.10%, minerals 2.10% and considerable proportions of vitamins (thiamine and vitamin-

B).  
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Most commercially cultivated wheat comes in two basic types that differ in 

genetic complexity, adaptation, and uses (Lantican et al., 2005); durum wheat (Triticum 

turgidum) and bread wheat (Triticum aestivum). Durum wheat was derived from the 

fusion of two grass species some 10,000 years ago, while bread wheat was derived from a 

cross between durum wheat and a third grass species about 8,000 years ago. Today bread 

and durum wheat are used to make a range of widely consumed food products. Bread 

wheat is processed into leavened and unleavened breads, biscuits, cookies, and noodles. 

Durum wheat is used to manufacture pasta, bread, and couscous. Wheat production is 

widely distributed around the world. Bread wheat, which accounts for nearly 90% of the 

total area sown to wheat worldwide, is grown on all five continents. Durum wheat, which 

comprises the remaining 10% of global wheat area, is grown in a more limited set of 

countries. More than one-half the area sown to durum wheat in developing countries is 

located in North Africa and West Asia, with the remainder distributed throughout North 

central Asia, central India, Ethiopia, and Latin America. Production of durum wheat, 

which is not as widely adapted as bread wheat, is limited by the crop’s greater 

susceptibility to soil-borne diseases, its greater sensitivity to soil micronutrient 

imbalances, and its lack of cold tolerance. Demand-side factors also affect wheat 

distribution patterns. A high demand for products made from bread wheat (bread and soft 

noodles), instead of products made out of durum wheat, tends to limit durum wheat 

production in developing countries. Wheat has two different growth habits; winter-habit 

wheat (commonly known as winter wheat) is sown in the autumn, and the growing plant 

must experience a period of cold temperatures (vernalization) before flowering can be 

initiated the following spring. Vernalization, a temperature control mechanism found 
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throughout the plant kingdom, ensures that plants do not enter the reproductive stage 

before winter. In contrast, spring-habit wheat (commonly known as spring wheat) does 

not have to experience vernalizing temperatures before flowering. Sometimes the 

distinction between winter and spring wheat is not clear, for two main reasons. First, 

winter wheat differs in their vernalization requirements, so there is no abrupt distinction 

between spring and winter growth habits. Furthermore, an intermediate group of wheat 

known as facultative wheat, which has lower vernalization requirements and good 

tolerance to low temperatures, are grown in many transitional areas. Second, farmers and 

researchers often define spring or winter wheat based on what time of year they are sown, 

but this can be misleading, since most of the wheat area in less developed countries is 

sown in autumn or winter. Hence, not all wheat planted in the autumn is winter wheat. In 

regions where rainfall is plentiful during the winter and spring months, and winter 

temperatures are mild, spring wheat may be sown in autumn or winter, causing some to 

think that it is winter wheat. At higher latitudes (exceeding 40º N), both winter and spring 

wheat may show photoperiod sensitivity (day length response). This means that a certain 

minimum day length must occur before flowering is triggered. Regulation of flowering 

time through photoperiod response confers an adaptive advantage at higher latitudes by 

reducing the risk of frost damage during the reproductive phase of the plant’s growth 

cycle. Photoperiod insensitive spring wheat is distributed in a belt around the equator 

between latitudes 45º N and 45º S. Since growing season temperatures and water 

availability are the primary determinants of adaptation for this wheat, they can be sown in 

either autumn or spring. Photoperiod sensitive spring wheat is grown between latitudes 

40º N and 65º N, the northern limit of wheat adaptation. Since temperatures are too 



             Chapter 1. Wheat in Egypt. 
 

 8 

extreme for this wheat to survive the winter months, it is nearly always sown in spring 

and harvested in autumn. Winter wheat is grown mainly between latitudes 35º N and 55º 

N, in areas where minimum winter temperatures are low enough to vernalize but not kill 

the growing wheat plant (Lantican et al., 2005). In other words, the young winter wheat 

plant cannot survive the extremely low temperatures that are common in regions between 

latitudes 55 and 65º N, where spring planted, photoperiod sensitive spring wheat is grown 

instead. Small amounts of winter wheat are also grown closer to the equator in high-

altitude areas where temperatures during the cropping season are cool enough to meet 

vernalization requirements. Global wheat distribution is also affected by the incidence 

and severity of diseases, which in turn are influenced by factors such as temperature, 

rainfall, geographic isolation, and farming practices.  

The characteristics of the common types of wheat are (Whitesides, 1995): 

 Hard red spring wheat is planted during the spring of the year and harvested in the 

late summer in areas where the winter is too severe to permit the production of 

winter wheat. Hard red spring wheat has strong gluten and is generally considered 

to be the standard for bread flour. 

 Hard red winter wheat is produced in areas where normal annual rainfall is less 

than 0.889 meters and the winter precipitation can be used to help produce the 

crop. Hard red winter wheat varieties are excellent for bread flour. 

 Soft red winter wheat has the same kernel color as the hard red wheat but is softer 

in texture and lower in protein. The soft red winter wheat class is not good for 

bread flour unless it is blended with hard red wheat flour and is generally used for 

cake, biscuit, cracker, and pastry flours. 
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 Soft white spring wheat is seeded in the spring and harvested in the late summer. 

It has poor gluten qualities, makes poor bread, and is used for pastry flours and 

breakfast foods. 

 Soft white winter wheat is planted in the fall and harvested the following summer. 

Soft white winter wheat generally yields significantly more than soft white spring 

wheat. The grain is used in cakes, pastries, cookies, crackers, and breakfast foods 

in much the same way as soft white spring wheat. 

 

Management practices used by wheat farmers vary greatly between locations and 

are influenced by a wide range of agro-climatic factors (temperature, rainfall, day length, 

soil type, and topography), biotic factors (pests and diseases), and socio-economic factors 

(cropping patterns, technology, institutions, and policies). Wheat is grown in many types 

of farming systems and on many different scales (Lantican et al., 2005). In rainfed areas 

of North America, the southern cone of South America, and Australia, wheat is grown 

using extensive cultivation methods, and farms may be several thousand hectares in size. 

In irrigated areas of South Asia and East Asia, it is grown using intensive cultivation 

methods on small plots of less than one hectare. Wheat is grown on flat land and on steep 

hillsides, under irrigated and rainfed conditions, in continuous wheat systems and in 

rotations, as a monocrop or in association with other crops. Water source and reliability 

tend to be determinants of wheat production. In areas where rainfall is abundant and 

reliable during the growing season, moisture stress rarely constrains wheat production. In 

locations where rainfall during the growing season may be deficient, wheat can be grown 

successfully on residual moisture available in the soil at the time of sowing. In places 
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where rainfall is scarce and residual soil moisture levels are low after growing season, 

wheat-fallow systems may be practiced in which wheat is grown every second year; this 

allows soil moisture to be replenished during the fallow year (Lantican et al., 2005). In the 

many areas where none of these three options is feasible, irrigation is needed for 

successful wheat production and to obtain high yields. Rainfed wheat production systems 

are found in Europe, Africa (with the exception of Egypt and Sudan), west and central 

Asia, central and northeastern China, Australia, and north and South America. Cropping 

season rainfall and temperature vary greatly across these diverse environments, as do 

farming practices. Large irrigated wheat production is found in the Nile Valley, 

northwestern Mexico, and across a wide belt spanning large parts of Iraq, Iran, 

Afghanistan, Pakistan, India, Bangladesh, and China. These areas are characterized by 

low rainfall during the cropping season, and irrigation is essential for agriculture to 

succeed. However, since the amount of water available for irrigation is often variable, 

even irrigated crops can suffer significant water stress. Cropping season temperatures 

vary greatly across these regions, as do farming practices. Whether rainfed or irrigated, 

wheat production systems are characterized by a wide range of tillage practices. In the 

extensive, highly mechanized wheat production systems of the developed world (and in 

the southern cone of South America), conservation tillage methods are widely practiced 

to reduce input costs and better conserve soil and water resources. Adoption of 

conservation tillage methods is less common in the intensive, small-scale wheat 

production systems of East and South Asia, although recently the technology has started 

to spread within these systems as well. Residue management practices in wheat 

production systems vary widely, reflecting the overall needs of local farming systems 
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(Lantican et al., 2005). In some areas, crop residues are retained to reduce soil erosion, 

improve soil organic matter content, and increase water infiltration. Elsewhere, especially 

in areas where livestock form an important part of the farming system, crop residues are 

removed and fed to animals. 

 
1.2. Wheat in the World 
 

Wheat is the most important cereal crop, and a staple food of the vast majority of 

the human population (Tiwari and Shoran, 2009). It is a cool-season crop, widely 

cultivated under varied agro-ecologic conditions and cropping systems throughout the 

world. On a global basis, wheat provides more nourishment than any other food crop. 

The popularity of wheat lies in the wide variety of food products prepared from it, which 

partially explains its expansion even to non-traditional wheat cultivated areas. The 

incorporation of reduced height genes in wheat created new varieties that changed the 

extent of wheat cultivation all over the world. The semi-dwarf and high-yielding cultivars 

ushered in the green revolution by bringing a phenomenal jump in yield and production. 

Efforts to raise the yield level of wheat and finding ways to tackle the impeding factors 

affecting yield have attracted attention from all quarters. Raising the production of wheat 

is a challenge for the future. Abiotic factors appear to be more prominent than biotic ones 

for limiting yield in the existing scenario of climate changes. Conventional techniques 

and biotechnology are believed to increase wheat production as a means to feed the 

growing world population. Table 1.1 and table 1.2 shows that the largest countries and 

regions in terms of wheat production and consumption were European Union, China, and 

India.  
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Table. 1.1. Wheat production in the world (million tons). 

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Mean 

(2005-2013) 
Argentina 12.722 14.663 16.487 8.508 9.016 15.876 14.501 8.025 9.188 12.110 
Australia 25.173 10.822 13.569 21.420 21.660 22.138 27.410 29.905 22.860 21.662 
Brazil 4.659 2.485 4.114 6.027 5.056 6.171 5.690 4.418 5.738 4.929 
Canada 25.748 25.265 20.054 28.610 26.850 23.167 25.261 27.205 37.530 26.632 
China 97.445 108.470 109.300 112.500 115.100 115.190 117.410 120.590 121.900 113.100 
Egypt 8.141 8.274 7.379 7.977 8.523 7.177 8.407 8.796 9.460 8.237 
European Union 208.427 191.710 189.740 248.100 228.600 201.570 223.890 196.010 225.700 212.640 
India 68.637 69.355 75.807 78.570 80.680 80.804 86.874 94.880 93.510 81.013 
Iran  14.308 14.664 15.887 7.957 13.480 13.500 12.339 13.800 14.000 13.326 
Kazakhstan 11.198 13.461 16.467 12.540 17.050 9.638 22.732 9.841 13.940 14.096 
Pakistan 21.612 21.277 23.295 20.960 24.030 23.311 25.214 23.473 24.210 23.042 
Russia  47.698 44.927 49.368 63.770 61.740 41.508 56.240 37.720 52.090 50.562 
Turkey 21.500 20.010 17.234 17.780 20.600 19.674 21.800 20.100 22.050 20.083 
Ukraine 18.699 13.947 13.938 25.890 20.890 16.851 22.324 15.763 22.790 19.010 
United States  57.242 49.216 55.820 68.020 60.370 60.062 54.413 61.677 57.970 58.310 
Uzbekistan 6.057 6.099 6.197 6.147 6.638 6.730 6.527 6.612 6.842 6.428 
Total 649.267 614.640 634.650 734.800 720.300 663.360 731.030 678.820 739.800 685.185 
Sources: FAOSTAT and own elaboration 
 
 
Table 1.2. Wheat consumption in the world (million tons).  
Country 2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 

 
2011/12 

 
2012/13 

 
2013/14

Mean  
(2005/06-2013/14) 

 

Algeria  7.750 7.850 8.050 8.300 8.550 8.750 8.950 9.450 9.850 8.611  
Brazil  10.450 10.300 10.300 10.700 11.000 11.100 11.200 10.900 11.400 10.820  
Canada  8.242 8.986 6.787 8.027 8.600 8.600 9.852 9.530 9.407 8.670  
China  101.500 102.000 106.000 105.500 105.000 103.800 122.500 125.000 116.500 109.800  
Egypt 14.700 15.300 15.800 17.200 17.600 18.000 18.600 18.700 18.500 17.160  
European Union 127.525 125.500 116.536 127.500 125.500 128.500 127.234 119.250 117.300 123.900  
India  69.980 73.477 76.423 70.924 78.210 80.010 81.408 83.824 93.848 78.680  
Iran  14.800 15.300 15.500 15.900 16.200 16.700 15.200 16.000 17.000 15.840  
Morocco  6.800 7.200 7.225 7.450 8.000 8.200 8.800 8.300 9.000 7.886  
Pakistan  20.100 21.700 22.400 22.800 23.200 23.600 23.100 23.900 24.100 22.770  
Russia  38.400 36.400 37.650 38.900 42.000 45.200 38.000 33.550 34.100 38.240  
Turkey  16.100 16.650 16.800 16.900 17.400 17.900 18.100 17.650 17.750 17.250  
Ukraine  12.500 11.700 12.300 11.900 12.600 12.600 14.950 11.400 11.500 12.380  
United States  31.320 30.940 28.614 34.291 31.926 32.822 31.962 37.768 34.287 32.660  
Uzbekistan  6.118 6.500 6.800 7.050 7.350 7.450 7.800 8.000 8.400 7.274  
Others  122.578 121.259 118.824 125.076 130.331 132.853 145.443 146.981 150.995 132.700  
Total  608.863 611.062 606.009 628.418 643.467 656.085 683.099 680.203 683.937 644.600  
Sources: USDA (2010, 2015) and own elaboration 
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Table 1.3 shows that the largest countries and regions in terms of wheat ending 

stocks were China, United States, and European Union. 

Table 1.3. Wheat ending stocks in the world (million tons). 
Country 
 

2005/06 2006/07 
 

2007/08 
 

2008/09 
 

2009/10 
 

2010/11 
 

2011/12 2012/13 2013/14 Mean  
(2005/06-2013/14) 

Australia  9.365 3.953 3.651 3.588 4.588 5.438 7.051 4.663 4.557 5.206 
China  34.387 38.450 38.963 45.685 55.435 63.685 55.946 53.960 65.274 50.198 
European Union 23.384 14.075 12.343 18.269 17.650 18.224 13.522 10.711 9.780 15.329 
India  2.000 4.500 5.800 13.430 16.100 16.290 19.950 24.200 17.830 13.344 
Russia  5.454 4.231 3.869 10.479 12.829 8.279 10.899 4.952 5.175 7.352 
United States  15.545 12.414 8.323 17.867 25.844 27.130 20.211 19.538 16.065 18.104 
Others  46.735 44.537 44.632 47.304 50.162 47.755 65.959 51.578 63.528 51.354 
Total  136.87 122.16 117.581 156.622 182.608 186.801 193.538 169.602 182.209 160.890 
Sources: USDA (2010, 2015) and own elaboration 
 

 

Table 1.4 shows that the largest countries and regions in terms of wheat harvested 

area were European Union, India, and Russia.  

Table. 1.4. Wheat harvested area in the world (million hectares). 

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Mean  

(2005-2013) 
Argentina 5.028 5.589 5.832 4.335 3.326 4.532 4.496 3.019 3.452 4.401 
Australia 12.460 11.800 12.580 13.530 13.788 13.510 13.502 13.902 12.980 13.117 
Brazil 2.361 1.560 1.853 2.364 2.430 2.182 2.139 1.913 2.087 2.099 
Canada 9.404 9.682 8.636 10.030 9.638 8.269 8.544 9.497 10.440 9.349 
China 22.790 22.960 23.720 23.620 24.291 24.260 24.272 24.141 24.120 23.797 
Egypt 1.254 1.287 1.141 1.227 1.335 1.288 1.285 1.336 1.419 1.286 
European Union 59.620 55.300 56.170 61.600 61.089 56.380 59.556 54.242 57.600 57.951 
India 26.380 26.480 27.990 28.040 27.752 28.460 29.069 29.860 29.650 28.187 
Iran  6.951 6.200 7.222 5.250 6.647 7.035 6.376 7.000 7.050 6.637 
Kazakhstan 11.810 11.860 12.680 12.910 14.329 13.140 13.686 14.411 12.950 13.086 
Pakistan 8.358 8.448 8.578 8.550 9.046 9.132 8.901 8.650 8.687 8.706 
Russia 24.680 23.050 23.500 26.070 26.633 21.640 24.836 21.278 23.370 23.895 
Turkey 9.250 8.490 8.098 8.090 8.100 8.103 8.096 7.530 7.773 8.170 
Ukraine 6.571 5.511 5.951 7.054 6.753 6.284 6.657 5.630 6.566 6.331 
United States  20.280 18.940 20.640 22.540 20.191 19.270 18.496 19.798 18.270 19.825 
Uzbekistan 1.440 1.448 1.383 1.377 1.422 1.466 1.364 1.398 1.444 1.416 
Total 228.600 218.600 226.000 236.600 236.770 224.900 231.270 223.600 227.900 228.250 
Sources: FAOSTAT and own elaboration 
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Table 1.5 shows that the largest countries and regions in terms of wheat yield 

were Egypt, China, and Uzbekistan.   

Table. 1.5. Wheat yield in the world (tons/ hectare).  

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Mean  

(2005-2013) 
Argentina 2.789 2.892 3.116 2.164 2.989 3.862 3.555 2.930 2.934 3.026 
Australia 2.228 1.011 1.189 1.745 1.731 1.807 2.238 2.371 1.941 1.807 
Brazil 2.175 1.756 2.447 2.811 2.293 3.118 2.932 2.546 3.030 2.568 
Canada 3.018 2.877 2.560 3.144 3.070 3.088 3.259 3.158 3.962 3.126 
China 4.713 5.207 5.079 5.249 5.224 5.234 5.332 5.506 5.573 5.235 
Egypt 7.157 7.088 7.129 7.168 7.036 6.144 7.212 7.256 7.350 7.060 
European Union 3.854 3.821 3.724 4.440 4.124 3.941 4.144 3.983 4.320 4.039 
India 2.868 2.887 2.985 3.089 3.205 3.130 3.294 3.503 3.476 3.160 
Iran  2.269 2.607 2.425 1.671 2.236 2.115 2.133 2.173 2.189 2.202 
Kazakhstan 1.045 1.251 1.431 1.071 1.312 0.809 1.831 0.753 1.186 1.188 
Pakistan 2.850 2.776 2.993 2.702 2.929 2.814 3.123 2.991 3.072 2.917 
Russia 2.130 2.149 2.316 2.696 2.555 2.114 2.496 1.954 2.457 2.319 
Turkey 2.562 2.598 2.346 2.423 2.803 2.676 2.968 2.943 3.127 2.716 
Ukraine 3.137 2.790 2.582 4.045 3.409 2.956 3.696 3.086 3.827 3.281 
United States 3.112 2.864 2.981 3.326 3.296 3.436 3.243 3.434 3.497 3.243 
Uzbekistan 4.638 4.642 4.940 4.920 5.145 5.061 5.274 5.216 5.224 5.007 
Total  50.550 49.220 50.240 52.660 53.360 52.310 56.730 53.800 57.170 52.890 
Sources: FAOSTAT and own elaboration 

 

Figure 1.1 shows that the US was the leading wheat exporting country in the 

world followed by Canada and Russia in 2014-15.  

Figure 1.1. Major exporting countries of wheat.  

 
Source: UN Comtrade 
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Figure 1.2 shows that Italy was the largest importing country in the world 

followed by Indonesia and Algeria in 2014-15.    

Figure 1.2. Major importing countries of wheat. 

 
Source: UN Comtrade 

 

Figure 1.3 shows an increasing in the Egyptian wheat imports from 2005 till the 

year 2011, after this year there was a decreasing in the Egyptian wheat imports due to an 

increasing in the production, yield and harvested area of wheat.  

Figure 1.3. Egyptian wheat imports.  

 
            Source: FAO 
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1.3. Wheat in Egypt 

Egypt occupies the northeastern corner of the African continent, with an extension 

across the Gulf of Suez into the Sinai region (Goueli and El Miniawy, 1996). The country 

has a roughly square shape with the Mediterranean Sea forming the northern boundary. 

Although the total area of Egypt is 1,002,000 square kilometers, less than 3.5% of this 

land is under cultivation. The Egyptian coasts have a total length of about 2,936 

kilometers, of which 995 are on the Mediterranean, and 1,941 are on the Red Sea. Egypt 

is divided into three broad geographical areas; the Nile Valley and Delta, the Eastern 

Desert and Sinai, and the Western Desert. The soils of the Nile Valley and Delta owe 

their origin to the Nile River. 

Before construction of the Aswan High Dam, the Nile carried millions of tons of 

suspended matter annually, and a fraction of it was deposited on the basin lands in the 

Nile Valley and Delta. These alluvial soils are for the most part level, deep, dark, brown 

and heavy to medium in texture. The Nile Valley in both Upper and Middle Egypt is 

surrounded on both sides by a series of gravel and sand terraces of different ages. Egypt 

has a warm arid climate with a relatively cool winter from November to April and a hot 

summer from May to October. Winter temperatures in Cairo range between 8.8° Celsius 

(°C) and 18.2°C, the summer temperatures between 20.5°C and 33.3°C. In Upper Egypt, 

the winters are mild; maximum temperature ranges from 19°C to 23°C and minimum 

temperatures are around 4.7°C to 9°C. Summers are hot in the daytime and warm at night, 

with maximum temperatures from 34°C to 40.8°C, and minimums from 19°C to 25°C. 

Rainfall is almost entirely limited to the northern coastal region and a few kilometers 

inland, where the average annual rainfall ranges from 65-190 mm. The Nile Delta and 
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adjacent areas receive 25-65 mm of rainfall annually. Areas south of Cairo, in Middle and 

Upper Egypt, average about 25 mm annual rainfall. With very little cloud cover, sunshine 

falls on the ground surface well over 90% of the possible time. In Egypt, the agricultural 

sector is unique, with its almost total reliance on irrigation from the Nile. Primary water 

sources are the Nile, rainwater, and underground water in the desert and Sinai. 

The most important soils in the Delta and the flood plain of the River Nile are 

stratified loams or clays (calcaric fluvisols). They are moderately calcareous with pH 

values from 8.1 to 8.3; in saline-sodic patches the pH value is more than 8.5 (FAO, 2011). 

These soils have high potential for irrigated crops. Very strongly saline soils (solonchaks) 

are found in a narrow coastal belt some 40 km wide in the Delta area. Other soils of semi-

arid Mediterranean climates (xerosols and yermosols) occur in the eastern Mediterranean 

coastal strip extending from Alexandria in the east to the Libyan border in the west. They 

are deep clay soils near the north-western tip of the Nile Delta, and sandy, loamy and 

gravelly in other parts. But for the limitations of climate, these soils have a medium to 

high potential for wheat. The rest of the country consists mainly of stony, mountainous 

and sandy desert areas with little potential for improvement. 

Wheat is one of the most important cereals grown successfully in Egypt 

(Gowayed, 2009). Wheat in Egypt cultivated in the old lands (found in Nile Valley and 

Delta) and in the new lands that have been reclaimed. Täckholm et al. (1941) and Boulos 

(2005) mentioned that there are five species of Triticum to be distinguished in Egypt, 

namely Triticum aestivum, Triticum dicoccum, Triticum turgidum, Triticum durum, and 

Triticum pyramidale. Dorofeev et al. (1979) mentioned that Triticum turanicum is also 

distributed in Egypt. 
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1.3.1. Features of Egyptian agriculture   

Egyptian agriculture possesses certain features that make it unique among other 

agricultural systems all over the world. Such uniqueness is the outcome of the combined 

effects of these features which include the following (Abou Mandour and Abdel Hakim, 

1995): 

 Limitedness of the arable lands: Egyptian agriculture is characterized by the 

limitedness of the cultivable land in view of Egypt's geographical location in a dry 

desert region, with the exception of a rain-fed strip on the northern coast. Egypt's 

cultivable land has been determined by the Nile River which formed the Egyptian 

soil millions of years ago. The cultivated area in the Nile Valley and Delta does 

not exceed 2.61 million ha, almost 2.6% of the country's total area; and the rest is 

desert land. Considering Egypt's limited water resources (a constant share of 55.5 

milliard cubic meters in the Nile water), the high cost of rationalizing water use 

and land reclamation and development, the total area of Egypt's arable lands is 

prone to decrease under the current stagnation in horizontal expansion programs 

and the loss of agricultural land to urban uses.  

 Irrigation: Egyptian agriculture depends mainly on the Nile water for irrigation. 

Deep groundwater does not constitute a major water resource as it does not 

exceed 0.5 milliard cubic meters. Surface groundwater in the Nile Valley and 

Delta, originating from the Nile, constitutes about 2.6 milliard cubic meters of 

Egypt's water resources. Therefore, it is important to rationalize the use of water 

resources to satisfy the increasing demand for water. This issue has become 

crucial and is linked to many political, socioeconomic and production problems. 
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The agricultural sector is the main consumer of the Nile water, with a 

consumption reaching about 84%. In view of the scarcity of water, cooperation 

among the Nile Basin countries is an urgent requirement for the joint 

implementation of such projects that ensure the common wealth for the Nile Basin 

countries. Efforts should be geared towards improving the efficiency of internal 

irrigation systems through reducing water loss. To enhance these efforts, an 

attempt should be made towards changing the cropping pattern to include the least 

water-consuming crops and growing such varieties that can benefit from low 

quality water. On account of the increasing scarcity of water, Egypt's irrigated 

agriculture constitutes a major challenge that could only be encountered by well-

contrived projects designed to increase water resources, on one hand, and to 

rationalize demand for water, especially in agriculture, on the other.  

 Prevalence of the small holding pattern: One of the prominent characteristics of 

Egyptian agriculture is the prevalence of small-scale, and the household 

agricultural systems.  

 Intensive cropping systems and excessive use of fertilizer (Abd El Hadi, 2004): 

Agricultural land in Egypt is favorable to intensive agriculture. As a result of the 

optimum climatic conditions and a perennial intensity of irrigation water, crop 

yields are high. Wheat, clover, cotton, rice, and maize account about 80% of the 

cropped area. Wheat and clover are the principal winter crops. In summer, cotton 

and rice are important cash crops, while maize and sorghum are major subsistence 

crops. 
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 Inputs subsidies (Goueli and El Miniawy, 1996): Input subsidies are often 

introduced to encourage adoption of modern technology, stabilize prices and 

income, reduce risks and favor smaller over large farmers. These objectives have 

all been of some importance in Egypt in the past. However, in recent years the 

main objective of input subsidy policy has been to offset low prices paid to 

producers for controlled crops. The most important agricultural subsidies are on 

fertilizer, credit, extension services, and pest control for crops. Both the 

manufacture of domestically produced fertilizer and the distribution of all 

fertilizers are subsidized. Fertilizer subsidies are paid by the General Authority for 

Agricultural Stabilization Fund (GAASF), which transfers funds obtained from 

the Ministry of Finance to fertilizer factories and the Principal Bank for 

Development and Agricultural Credit (PBDAC). Total nominal fertilizer subsidies 

were quite variable. 

 Cropping pattern (Abou Mandour and Abdel Hakim, 1995; and Goueli and El 

Miniawy, 1996): Egyptian agriculture is based on cereals, legumes, fibers, sugar 

crops, oil crops, fodder, fruits, vegetables and horticultural crops. The strategic 

crops retained their relative position, mainly cereals and fodder crops. The most 

important crops in Egypt, in terms of area are clover, cotton, maize, wheat and 

rice.  
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1.3.2. Wheat production inputs 

The inputs of wheat production include the following (Kherallah et al., 2000):  

 Land: The vast majority of Egyptian wheat farms are small, the average farm size 

in Egypt is about 0.6 hectare (FAO, 2006), owner-operated, and irrigated. 

Irrigation is almost universal in Egyptian agriculture, allowing the cultivation of 

summer and winter crops. In the Frontier (Eastern Desert, Western Desert and 

Sinai), irrigation water comes from wells. Wheat plays an important role in 

farmers’ crop rotations; the most common winter-summer rotations are wheat-rice, 

clover-cotton, wheat-maize, and clover-maize.  

 Seeds: Before the agricultural reforms of 1987, about 61 percent of the total 

cultivated wheat area in Egypt was sown with low-yielding, long-stalked wheat 

varieties (Sallam et al. 1989). With the liberalization of the wheat market and the 

introduction of improved modern seed varieties, farmers started to adopt 

semidwarf varieties that were both higher yielding and more resistant to heat and 

pests. Farmers apply about 162 kilograms of seeds per hectare of land.  

 Fertilizers: Wheat farmers rely principally on inorganic fertilizers and crop 

rotation to maintain the fertility of their wheat fields; use of manure is limited. 

The three most widely used fertilizers by Egyptian wheat farmers are ammonium 

nitrate, urea, and single super-phosphate.  

 Labor and agricultural machinery: Unlike many other countries in the world, 

Egypt produces wheat labor-intensively. Labor use varies with farm size; small 

farms use more labor per hectare, most of which is family labor. Large farms, by 
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contrast, use less labor per hectare, most of which is hired. Wheat farmers use 

tractors, albeit, and water pumps to irrigate their wheat fields.  

 
 
1.3.3. Policy of wheat production and consumption   

 
Wheat policy in Egypt has been gradually reformed from one of massive government 

intervention to a much more market-oriented one (Croppenstedt et al., 2006). 

Nevertheless, food security concerns and the fear of an excessive dependency on imports 

mean that the GOE (Government of Egypt) does continue to intervene in several markets, 

including the wheat market. At the same time policy makers try to look ahead to design 

new policies which aim to achieve greater food security. On the supply side, GOE policy 

is to achieve the highest possible self-sufficiency in wheat, basically to avoid 

international risks in wheat markets. In the early 1960’s the GOE intervened in the 

production of many major crops (including cotton, wheat, rice, sugar cane and onions) by 

specifying output and area to be farmed. The argument for area control of crops was 

based on the concept that the agricultural sector was interrelated with other sectors of the 

economy and a shortage in supply of cotton would lead to considerable losses in the 

industrial sector. Farmers were required to participate in agricultural cooperatives which 

meant the obligatory delivery of all or part of their production to the government at a 

price fixed by the government and lower than the free market price. Marketing and 

processing were handled by the government which also specified the quantity and type of 

fertilizers and pesticides to be provided to farmers by the Principal Bank for 

Development and Agricultural Credit (PBDAC), which supplied all agricultural inputs. 

There is general consensus that these policies had a strong negative effect on agricultural 

sector performance overall. The inefficiencies in resource allocation were severe and the 
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GOE started to take action by gradually reducing the scope of government intervention. 

The first period of reform (1986-1990) saw the implementation of the Economic Reform 

and Structural Adjustment Program (ERSAP). This included the partial liberalization of 

prices of the main crops, eliminating the obligatory deliveries of the strategic crops, 

reducing the subsidy on farm inputs. The second stage (1990-97) included the expansion 

of the procedures initiated in the first stage in addition to reforms at the macroeconomic 

level. The reforms have consolidated and interacted with those of the earlier agricultural 

sector reforms. As a result most domestic farm input prices are now international prices. 

This stage included eliminating the government monopolization of the main farm inputs 

and strategic crops in addition to encouraging and expanding the market for private 

investment. Liberalization of farm input marketing included the removal of governmental 

constraints on the private sector in importing, exporting, and distribution of farm inputs 

to compete with the Principal Bank for Development and Agricultural Credit (PBDAC). 

Farmers are now free to grow whatever crops they want with the constraints that the rice 

area at the national level should not exceed 1 million feddan (one feddan equals 0.42 

hectare) in the north Delta and that the area allocated to sugar cane is fixed at about 300 

thousand feddan in Upper Egypt. During the reform period - after 1987 and after the 

removal of mandatory marketing - guaranteed floor prices were offered for wheat and 

rice. The floor price of wheat is announced at the time of sowing making it possible for 

farmers to respond during the current season. Agricultural performance responded to the 

agricultural and economy wide reforms. Starting in 1987 production rose strongly, due to 

large yield and area increases. Area increases were in part due to the fact that the 

government procurement price since the start of the ERSAP in 1986 was kept close to the 
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domestic free market price; mostly set above the import price. Government procurement 

is typically around 2-3 million tons annually (about 30-40 percent of production) at prices 

that are mostly higher than world equivalent prices. A further important contributing 

factor were rising yields after 1986 due to the diffusion of high yielding varieties within 

the National Campaign for Wheat Improvement. Government intervention aimed at 

increasing self-sufficiency in wheat, thus reducing dependency on imports through 

support prices provided to wheat farmers and expansion of wheat area.  

Food accessibility is promoted by subsidizing baladi bread and wheat flour in 

addition to two other commodities in the current food subsidy system (Siam, 2006); sugar 

and cooking oil. While baladi bread and wheat flour are available at subsidized prices to 

all consumers without restriction, sugar and cooking oil are supplied at subsidized prices 

but with ration cards. The total subsidy for baladi bread and wheat flour represents about 

5.1 percent of national expenditure. The increase in the cost of the food subsidy in the last 

years is due to the increase in the subsidy of baladi bread. The poor and non-poor have 

equal access to the subsidized bread. The subsidy does not target poor households 

properly.  

To minimize wheat import costs and because of low levels of domestically 

procured wheat for baladi flour production, the government announced in 1996 that fino 

flour could be produced only from imported wheat (Kherallah et al., 2000). Police 

enforcement was stepped up to detect any attempts to use domestic wheat for the 

production of fino flour, and the production of subsidized shami flour was canceled 

because of its easy and profitable transformation into fino flour. In response to these new 

restrictions and pressures to deliver an expected quota of wheat to the government, some 
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local officials have illegally imposed restrictions on the transportation of wheat outside of 

their governorates to try to force increased delivery of domestic wheat after the harvest 

season. In another attempt to decrease Egypt’s dependence on imported wheat, to 

capitalize on the domestic production of white maize and to reduce the costs of the 

subsidy for baladi bread and flour (since white maize tends to be cheaper than wheat), the 

Ministry of Trade and Supply (MOTS) introduced an initiative to mix 80 percent baladi 

flour with 20 percent white maize flour to make subsidized baladi bread and flour. This 

new bread is sold at the same subsidized price and has almost the same taste as the 

regular baladi bread. The initiative was implemented in 1996 on a pilot basis in a few 

bakeries in Cairo. The main constraint to this extension is the low level of domestic 

procurement of white maize; most domestic maize is used by rural households for home 

consumption as animal feed. Consequently, the government is counting on increasing 

maize yields, which are currently below potential and appear more promising than 

increasing wheat yields.  

 

1.3.4. Wheat usage and marketing      

Egypt has one of the largest per capita consumption levels of wheat in the world 

[180 kg a year, (Saleh, 2010)], and it import a large amount of wheat. Two major factors 

are seriously increasing the rate of change in domestic wheat consumption (Tyner et al., 

1999); the rate of population growth and the rate of growth in wheat consumption per 

capita. These two factors are, consequently, affected by numerous other factors such as 

the adopted economic policies, income and its distribution among individuals, and the 

rate of change in prices. A number of factors have important impacts on the quantities 
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consumed of wheat; the demographic factors include the population and its age, gender, 

and geographical distribution. Social factors include the educational and professional 

structures, and the economic factors include both incomes and prices.  

The share of wheat used for household consumption is highest for small farmers 

and tends to decrease with farm size. Conversely, the share of wheat sold increases with 

farm size (Kherallah et al., 2000). In small farms, most wheat is used for subsistence and 

therefore, only a small amount of wheat harvested is left to be sold. As farm size 

increases, however, once wheat used for household subsistence has been allocated, the 

rest of the wheat is sold. Therefore, wheat sales tend to increase more than 

proportionately with farm size. On-farm wheat storage is quite common. Almost all 

wheat farmers use their own houses to store their wheat (the exception is the Frontier, 

where most farmers do not have wheat storage capacity). Farmers rarely rent storage 

space. The types of wheat buyers include private traders, neighbors, public mills, 

cooperatives, the village banks, Ministry of Agriculture and Land Reclamation (MALR), 

and others. The General Authority for Supply Commodities (GASC) uses the public mills, 

the cooperatives, and village branches of the Principal Bank for Development and 

Agricultural Credit (PBDAC) to buy the wheat from the farmers on its behalf. This 

government-procured wheat is then channeled to the public mills to make the subsidized 

82 percent wheat flour for the baladi bread and flour subsidy program. MALR, on the 

other hand, contracts with large-scale farms to multiply wheat seeds. Private traders 

receive two-thirds of all the wheat sold by farmers or the equivalent of 1.88 million 

metric tons of wheat on a nationwide basis. The next-largest marketing outlets for 

farmers are the mills and the village banks, each buying about 9 percent of the marketed 
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wheat. The cooperatives bought just 5 percent of the wheat sold. About 61 percent of the 

wheat bought by traders is in turn sold to the government through the mills or PBDAC. 

Regarding the location of sale, traders usually purchase wheat on the farm (64 percent) or 

at a market (25 percent). In contrast, to sell to a mill, a cooperative, or village bank, the 

farmer must transport the harvest to these sites. Farmers prefer to deal with traders 

because traders offer better prices, buy smaller quantities, and pick up the wheat from the 

farmers’ dwelling, which saves transport costs. In some cases, traders also give an 

advance to the farmer. 

 

1.3.5. Structure of wheat industry    

Figure 1.4 outlines the structure and marketing channels of the wheat sector. 

There are two main sources of wheat in Egypt, domestic production and imports 

(Kherallah et al., 2000). Domestic wheat is mainly consumed in rural areas. Rural 

households process the wheat into different types of flour in local village mills and use 

the flour to bake their own bread. The government collects the wheat through 

cooperatives, local branches of PBDAC, and public mills. This wheat is transformed by 

the public mills or contracted private mills into baladi (82 percent) flour. Baladi flour and 

bread are sold at subsidized prices to consumers in government licensed warehouses and 

bakeries. The warehouses and the bakeries purchase the flour from the government at 

discounted fixed prices and are expected in turn to sell the flour or bread at subsidized 

prices set by the government.  
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Figure 1.4. Structure of wheat industry in Egypt. 
 

 
Source: Kherallah et al., 2000 
Notes:  
PBDAC  = Principal Bank for Development and Agricultural Credit 
GASC  = General Authority for Supply Commodities 
HCRWM = Holding Company for Rice and Wheat Mills 
FIHC  = Food Industries Holding Company 
(ª) PBDAC and the public mills collect the wheat from farmers and traders on behalf of GASC, 
which allocates fund to each of these institutions to pay the procurement price to farmers and 
traders 
 

Given the insufficient levels of domestic wheat procured, the government mainly 

relies on imported wheat to supply its baladi flour and bread subsidy program. The 

General Authority for Supply Commodities (GASC) is the public organization 

responsible for importing and procuring domestic wheat for the government. Another 

important segment of the wheat industry in Egypt is the fino flour market. This flour is of 

higher quality than baladi flour and is sold at free market prices. It is used to make 

French breads, higher-quality pita bread, and pastries. The fino flour market was 

liberalized in 1992, also the government began to liberalize the wheat milling sector. At 

that time, around 80 percent of all industrial wheat mills in the country belonged to the 

public sector; the rest were privately owned but were licensed to mill for the government 
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under specific arrangements. This involved allowing the private sector to purchase wheat 

and process it into fino flour, as well as selling the flour at free-market prices. However, 

shortly after liberalization, the government issued a decree allowing only imported wheat 

to be used for the processing of fino flour. The private sector is still not permitted to 

import wheat and sell it as grain. In 1993, all the remaining restrictions on fino flour 

production and trading were removed, allowing both the public and private sectors to 

freely import, produce, distribute, and sell fino flour at free market prices. The quotas of 

government-milled fino flour going to food processing factories, shops, and bakeries 

were also eliminated, thus allowing these outlets to purchase their fino flour freely in the 

market. Until 1996, 76 percent wheat (shami) flour was also produced and sold at 

subsidized prices by the government. However, its production was banned in 1996 

because of its easy sifting into the free-marketed fino flour that was sold at higher prices. 

Although the government controls the baladi flour subsector, it also contracts with the 

private sector to help in its processing and distribution. In contrast, both the private and 

the public sectors compete in the processing and marketing of fino flour. Since the 

liberalization of the fino flour market, the private sector has built several large industrial 

mills to process and market this type of flour. The public mills were reorganized in 1996 

into two public holding companies; the Holding Company for Rice and Wheat Mills 

(HCRWM) and the Food Industries Holding Company (FIHC). Although both of these 

companies have sold parts of their subcompanies’ shares to the private sector, they are 

still managed by the government as public organizations. 
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Chapter 2 

Methodology 

 

2.1. Introduction   

The terms productivity and efficiency are often used interchangeably but they are 

not precisely the same things (Coelli et al., 2005). Productivity is an absolute concept and 

is measured by the ratio of outputs to inputs while efficiency is a relative concept and is 

measured by comparing the actual ratio of outputs to inputs with the optimal ratio of 

outputs to inputs (Javed, 2009). On the other hand, neither exists only one type of 

efficiency nor only one type of productivity. Usually we talks about three types of 

efficiency: Scale efficiency, allocative efficiency, and technical efficiency. Also we 

usually talks about two types of productivity: Partial productivity and total factor 

productivity. The optimizing behavior is a key element of the economic theory. In this 

way, the firms that maximize the benefits are considered to be efficient. At the theoretical 

level, one does not give too much importance to the concept of productive efficiency and 

to its measurement since it is suppose that all firms are efficient. Nevertheless, in practice 

although all the firms follow the target of maximize the benefits but they do not all 

achieve it, because the situation of inefficiency (Álvarez, 2001). To measure 

appropriately the possible inefficiency of economic unit and to know its possible motives 

this has turned into a fundamental element for the survival and competitiveness of the 

firms in more globalized world. As a consequence of this importance, the productive 
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efficiency analysis is one of the analysis fields that has experienced a major growth in the 

last decades. The analysis of productivity is not less importance since the productivity has 

direct relationship with the standard of living of people (Oyeranti, 2000). At the level of 

an individual, the standard of living of any man is the extent to which he is able to 

provide himself and his family with the things that are necessary for sustaining and 

enjoying life. The greater the amount of goods and services produced in any economy, 

the higher its average standard of living will be. At the national level, steady growth in 

productivity solves pressing problems of increased trade deficit and an unstable currency 

(exchange rate). In business, productivity improvements can lead to more responsive 

customer service, increased cash flow, and improved return on assets and greater profits. 

More profits will translate to availability of funds for the purpose of capacity expansion 

and the creation of new jobs; hence, increased productivity becomes a panacea to 

unemployment problem. Enhanced productivity will equally contribute to the 

competitiveness of a business or an economy in both domestic and foreign markets. For 

example, if labor productivity in one country declines in relation to productivity in other 

countries producing the same goods, a competitive imbalance will be created involving 

divergence in cost functions. If the higher costs of production are passed on, the 

economy’s industries will lose sales as customers are justified turning to the lower cost 

suppliers. Alternatively, if the higher costs are internalized by industries, their profit will 

decrease. The direct implication of absorbing higher costs of production by industries is 

to decrease production or keep production costs stable by lowering real wages. It goes 

without saying, that notable economic problems like inflation, an adverse balance of trade, 

poor growth rate and unemployment are offspring of low productivity. Apart from the 
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link between productivity and the general well being of a nation, productivity is of great 

importance in economic analysis. For example, when it is combined with population and 

output trends, it is used in economic growth models to forecast output and employment, 

as well as the distribution of manpower and other resources between different sectors of 

an economy or industry.  

The analysis of the two indicators is important but the most important is the joint 

analysis for both of them. Therefore, in the following parts of this chapter, we analyze 

some methodological aspects for the measurement of efficiency, productivity and both 

jointly (efficiency as one of productivity determinants). 

2.2. Efficiency Measurement  

The measurement of efficiency is based on the idea of comparing the real 

performance of an economic unit (e.g. the firm) with respect to its optimal one. That is to 

say, it is compare what really the economic unit doing with what it should have done to 

maximize the benefit. At the empirical level this is possible if we define some forms of 

the frontier function that serves as a reference to compare if the economic units are 

efficient or not. In the last decades, frontiers have been estimated using many different 

methods. The two principal methods are (Coelli, 1996): Data Envelopment Analysis 

(DEA), which involve mathematical programing, and Stochastic Frontiers Analysis 

(SFA), which involve econometric methods. 

2.2.1. Data Envelopment Analysis aproach 

Within using DEA framework, the performance of an individual firm is calculated 

by an efficiency frontier comprised of linear combinations of existing firms (Wang et al., 

2006). To illustrate the overall, technical, and allocative efficiencies Farrel (1957) used a 
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simple example of a firm that uses two inputs ( 1x and 2x ) to produce a single output (Q) 

under the assumption of constant returns to scale (CRS) that allows using an isoquant to 

represent technology.   

Figure 2.1 illustrates the overall efficiency (OE), technical efficiency (TE) and 

allocative efficiency (AE) measures. If a given firm uses quantities of inputs defined by 

point A to produce a unit of output, the technical inefficiency of that firm is represented 

by the distance BA. This result is expressed in percentage terms by the ratio /0BA A , 

which represents the percentage by which all inputs are reduced without a reduction in 

output.  

    

Figure 2.1. Overall, technical, and allocative efficiencies. 
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                       Source: Reproduced from Wang et al., 2006 
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Technical efficiency (TE) of a firm is most commonly measured by the ratio 0B/0A , 

which is equal to 1 / 0BA A . For example, point B is technically efficient because it lies 

on the efficient isoquant 'QQ .   

If the input price ratio represented by the slope of the isocost line 'PP  in figure 

2.1, is also known, the allocative efficiency (AE) of the firm operating at A is defined as 

the ratio 0 /0C B because the distance CB represents the reduction in production costs that 

occurs if production takes place at the allocatively and technically efficient point 'B , 

instead of at the technically efficient but allocatively inefficient point B. The product of 

technical and allocative efficiency provides the overall efficiency (OE) or overall 

economic efficiency: 

(0 /0 ) (0 /0 ) (0 /0 )OE TE AE B A C B C A     .    (2.1) 

To estimate OE for a particular firm i, the following cost minimization linear 

programming model is employed:     

min

. . 0
0

0

i
i ix

i

i

w x

s t Q q
X x










 
 



,     (2.2) 

where iq is the output for firm i; ix is the input for firm i; iw is the input prices for firm i; 

ix  is the cost minimization vector of input quantities for firm i;  is a vector of weights 

attached to each firm during construction of hypothetical efficient firms; Q is the output 

matrix of all firms, X is the input matrix of all firms. OE is defined as the ratio of the best 

practice firm’s production cost to the actual cost of a particular firm: 

i i

i i

w xOE
w x



 .      (2.3) 
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To decompose OE, the following linear programming model is employed:    
 

min
. . 0

0
0

TE

i

xi

TE
s t Q q

X TE







 

 


.     (2.4) 

 
The solution to this minimization problem is the Technical Efficiency (TE) which 

is the ratio of inputs used by the best practice firm to the inputs actually used by firm i. 

Therefore, when TE<1, firm i can reduce its inputs usage without reducing its outputs, if 

TE=1, firm i is efficient. 

To investigate the sources of inefficiency, technical efficiency can be further 

divided into pure technical efficiency (PTE) and scale efficiency (SE) measures. In the 

case of single output and single input, figure 2.2 illustrates the PTE and SE. On figure 2.2 

two frontiers are mapped: frontier 0D, representing constant returns to scale (CRS), and 

frontier AGBC, representing variable returns to scale (VRS). According to Farrell’s 

(1957) model, PTE is measured relative to the CRS frontier. At point H, PTE is measured 

as /EG EH  and scale efficient is /EF EG . The technical efficiency measure is /EF EH ; 

thus technical efficiency (TE) is decomposed into pure technical efficiency (PTE) and 

scale efficiency (SE),  

TE PTE SE  .    (2.5) 

Pure technical efficiency denotes deviation from the efficiency frontier that results 

from a failure to use resources efficiently. Scale inefficiency is created by a failure to 

operate at optimal scale over the long term.  
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Figure 2.2. Pure technical and scale efficiencies. 
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         Source: Reproduced from Wang et al., 2006 

 

To estimate PTE for a particular firm i, the following linear programming model 

was employed: 

min
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.     (2.6) 

 

According to equation (2.5), SE is obtained by dividing TE by PTE. 

2.2.2. Stochastic Frontiers Analysis approach  

The stochastic frontier production function (Coelli, 1996) was independently 

proposed by Aigner et al. (1977); and Meeusen and van den Broeck (1977). The original 

specification involved a production function specified for cross-sectional data which had 

an error term which had two components, one to account for random effects and another 
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to account for technical inefficiency. For the panel data, a stochastic frontier production 

function can be expressed as follows:     

( , ; ) it itv u
it itQ f X t e  ,    (2.7) 

where itQ  is the production of the i-th firm in the t-th time period; itX  is a vector of 

input quantities of the i-th firm in the t-th time period; t is the time trend index that serves 

as a proxy for technical change;  is a vector of unknown parameters to be estimated; itv  

is a vector of random variables which are assumed to be independently and identically 

distributed normal random variables with zero means and variances 2
v , iid. 2(0, )vN  and 

independent of itu ; and itu  is a vector of non-negative random variables which are 

assumed to account for technical inefficiency in production and are often assumed to be 

independently and identically distributed half-normal random variables with scale 

parameter 2
u , iid. 2(0, )uN  . Specifically, itu  is a vector of random disturbances that 

measures the extent to which actual production falls short of maximum attainable output. 

We can express technical efficiency (TE) as the ratio of actual output to the maximum 

potential output: 

                                                 
( , ; )

it

it

uit
it v

it

QTE e
f X t e

                                           (2.8) 

From an empirical perspective, according to Coelli et al. (2003) and Lambarraa et 

al. (2007), the production frontier function (2.7) can be specified as a translog function. 

But the estimation of production frontier function depends on the distributional 

assumptions of itu . There are two main specifications, which encompasses other 

specifications: the Battese and Coelli (1992) and (1995) specifications.  
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Battese and Coelli (1992) propose a stochastic frontier production function (like 

equation 2.7) for (unbalanced) panel data which has firm effects which are assumed to be 

distributed as truncated normal random variables, which are also permitted to vary 

systematically with time. In this model: 

                                                    exp( [ ])it iu u t T   ,                                       (2.9) 

where itu  are non-negative random variables which are assumed to account for technical 

inefficiency in production and are assumed to be iid. as truncations at zero of the 

2(u, )uN   distribution; and η is a parameter to be estimated. The model utilizes the 

parameterization of Batese and Corra (1977): 

                                             
2

2 2 2
2v
u

s u
s

and 
   


                                        (2.10) 

From the stochastic frontier production function (equation 2.7) Battese and Coelli 

(1995) propose a model, which itu  are the non-negative random variables which  are 

assumed to account for technical inefficiency in production and are assumed to be 

independently distributed as truncations at zero of the 2(m , )it uN   distribution, where: 

it itm z  ,      (2.11) 

and itz  is a vector of variables which may influence the efficiency of a firm and   is a 

vector of parameters to be estimated. The model also utilizes the parameterization of 

Batese and Corra (1977). 

The Maximum likelihood techniques can be used for a simultaneous estimation of 

the stochastic frontier and the technical inefficiency models. These two model 

specifications are non-nested and hence no set of restrictions can be defined to permit a 
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test of one specification versus the other (Coelli, 1996).  

 

2.3. Productivity Measurement  

The habitual use for the concept of productivity (Lemmi et al., 1991) as "the 

existing relation between the quantity of obtained product and the volume of one or more 

inputs used for this production". Productivity can be divided into Partial Productivity (PP) 

and Total Factor Productivity (TFP). Partial Productivity is the ratio of output to one 

class of input, using the ratio of total output/one input. The index of partial productivity 

can be written as:      

i
i

QPP
F

 ,      (2.12) 

 
where iPP  is the partial productivity of the ith input; Q  is the total output; and iF  is the 

ith input.    

For example, labor productivity is the ratio of output to labor input ( / )L LPP Q F . 

Similarly, capital productivity is the ratio of output to capital input ( / )K KPP Q F and 

material productivity is the ratio of output to materials input ( / )M MPP Q F . The main 

problem of the partial productivity is that it relates output to a single factor of production 

and, therefore, ignores the fact that productivity of an input also depends upon the levels 

of other inputs used (Manjappa and Mahesha, 2008), and may be a misleading indicator 

for productivity growth. Total Factor Productivity takes into account all the factors of 

production, using the ratio of total output/total inputs. The index of total productivity can 

be written as: 
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QTFP
F

 ,      (2.13) 

                                                                                                                                            
where TFP is the total factor productivity; Q  is the total output; and F is the total inputs.  
 

We can define the relative variation of total factor productivity between the 

moment t and t-1, as the ratio between the variation of output and variation of inputs in 

the mentioned interval of time: 

1

1

/
/

t t

t t

Q QTFP
F F





  .     (2.14) 

To estimate indices of total productivity the principal problem is the aggregation 

(Rodríguez, 1995). It is not easy at the empirical level to aggregate different inputs and 

different productions. Some alternatives of aggregation that use in the field of economics 

and business are the arithmetical sum or the use of indices Laspeyres-type. But these 

procedures present important deficiencies, so that the current trend is to increase the use 

of aggregation method based on the index of Divisia. The index of Divisia for the 

aggregation processes is defined in terms of growth rates. As well the variation rates of 

the aggregated output and input can be express as follow (Rodríguez, 2010):  

j j
j

j

P Q
Q Q

R
  ,     (2.15) 

where jQ  is the quantity of the j-th output and jP  is the price of the j-th output 

j j
j

R P Q  is total revenue and 
j

j
j

dQ
dtQ
Q

  is the growth rate of the j-th output. 

Likewise, ( )F  is an index of aggregate input and can be written as:              

i i
i

i

W XF X
C

  ,     (2.16) 
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where iX is the quantity of the i-th input and iW  is the price of the i-th input i i
i

C W X  

is total cost and 
i

i
i

dX
dtX
X

  is the growth rate of the i-th input. 

Once obtained the variations of the aggregated input and output, the variation rate 

of the total factor productivity (TFP) is defined asTFP Q F   , and are usually called 

Divisia index of TFP. 

The index of previous Divisia is defined for a continued time (in terminus of 

instant growth rates) and therefore, to be applicable to discreet data require an adaptation. 

The most usual discreet approximation is Törnqvist (1936), which the formulation of 

TFP  can be express as (Rodríguez, 1995): 

 
ln lnTFP Q F    .    (2.17) 

 
 

1
1 1

ln ln 1/ 2 ( ) ln jtt
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 .   (2.18) 
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 ,   (2.19) 

where jt jt it it
jt it

jt jt it it
j i

p q w xb and a
p q w x

 
 

, they are, respectively, the participation of 

every output and input in the value of production and total cost. 
 
2.4. Joint Measurement of Efficiency and Productivity 

The productivity depends on the differences in technology of production, 

differences in technical efficiency and allocation in the productive process, and 

differences in the environment and the scale in which the production takes place (Sudit, 
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1995). Two alternative approaches can be considered in which the efficiency is a part of 

productivity: nonparametric approach and parametric approach. 

2.4.1. Non-parametric approach 

The Malmquist Productivity Index is a non-parametric mathematical 

programming approach. It is based on Data Envelopment Analysis (DEA) and allows 

estimating productivity changes. The index presents three advantages in comparison to 

other indices used to estimate productivity changes: first, it does not require a cost 

minimizing or profit maximization condition; secondly, it does not need information 

about prices and finally it allows for breaking down productivity changes into efficiency 

change and technological change. 

The Malmquist productivity index is defined using distance functions, which 

allows a multi-input and multi-output production technology to be expressed without 

specifying any behavioural assumption. Two approaches can be used, the input distance 

function and the output distance function. An input distance function characterises the 

production technology by looking at a minimal proportional contraction of the input 

vector, given an output vector. An output distance function considers a maximal 

proportional expansion of the output, given an input vector. 

Through the Malmquist productivity index, productivity changes between two 

observations (same unit, two different periods of time) can be evaluated by calculating 

the ratio of the distances of each observation relative to a common technology, so 

comparing input and output quantities from one period with the technology from another 

time period, as for example: 

1 1
1 1 D  (x , y ) (x , x , y , y )

D  (x , y ) 

t t t
t t t t t

t t tM
 

  
.    (2.20) 
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The most known definition of a Malmquist productivity index takes the geometric 

mean of two Malmquist indexes: 

1/21 1 1 1 1
1 1

1

( , ) ( , )( , , , )
( , ) ( , )

t t t t t t
t t t t

t t t t t t

D x y D x yM x x y y
D x y D x y

    
 



 
  
 

. (2.21) 

Färe et al. (1994) factorised this expression into the product of efficiency change 

and technological change as:  

1/21 1 1 1 1
1 1

1 1 1 1

( , ) ( , ) ( , )(x , x , y , y )
( , ) ( , ) ( , )

t t t t t t t t t
t t t t

t t t t t t t t t

D x y D x y D x yM
D x y D x y D x y

    
 

   

 
   

 
.   (2.22) 

The ratio outside the brackets (efficiency change) presents the level of efficiency 

relative to the boundaries for period t and t+1, indicating whether or not a movement 

towards or away from the frontier has happened. The terms inside the brackets 

(technological changes) indicate movements in the best practice frontier from period t to 

period t+1, so assessing whether or not units on the frontier in the period t are still on the 

frontier in t+1. When the Farrell measure of technical efficiency is used in constructing 

the Malmquist productivity index, we can talk about productivity growth if M > 1 and 

about productivity regression if M<1. Equation (2.22) shows that Malmquist Productivity 

Index decomposes into efficiency change and technical change components and is 

therefore consistent with the notion that productivity growth is driven by the production 

units becoming more efficient in using the existing technology as well as by 

improvements in the production technology itself.  
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2.4.2. Parametric approach 

Between the parametric alternative approaches for decomposing the growth of 

TFP we can emphasize on three principal methods: Decomposition of Divisia Index 

(DDI), SFA (decomposition of TFP growth) and SFA (Malmquist TFP index). 

2.4.2.1. Decomposition of Divisia Index  

The starting point is the traditional Divisia index of TFP which defined in section 

(2.3). This index ( )TFP Q F   , referred to in the literature as the Solow Residual, 

measures the changes in the output aggregate not explained by changes in the input 

aggregate. If we consider a primal representation of technology such as 

1 2( , ,.... , )nQ f X X X t  or alternatively their dual cost function 1 2( , ,...., , , )nC g W W W Q t , 

under constant returns to scale in a competitive equilibrium in the product and factor 

markets, it can be shown that: 

ln lnf gTFP
t t

 
  

 
 ,   (2.23) 

where, C is total cost; Q is output; t denotes technology; '
iW s  is input price; and '

iX s  is 

input.  

The result in (2.23) shows that the Solow Residual can be interpreted as a shift of 

the production function, not attributable to changes in inputs but to technical change or 

can also be interpreted as well as a shift of the cost function, not attributable to changes in 

input prices or output quantity but to technical change. 

The use of the Solow Residual as a measure of technical change relies on a 

number of simplifying assumptions. If these assumptions do not hold, the residual has to 

be corrected accordingly. The effects of non-constant returns to scale and the violation of 
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the various conditions of a long run competitive equilibrium have been analyzed 

empirically. In this part we derive a multi-decomposition of the Total Factor Productivity 

(TFP) index that explicitly takes into account the distinguishing productive characteristics 

of the output. Our alternative decomposition simultaneously introduces the possible 

effects on productivity growth of non constant returns to scale, mark-up pricing, 

inefficiencies and sub-equilibrium due to quasi-fixed factors. These effects considered in 

previous works such as Denny et al. (1981), Bauer (1990), Morrison (1992), De La 

Fuente (1999), Boscá et al. (2004), and Rodríguez (2010).  

According to Rodríguez (2010), the decomposition of Divisia index of TFP starts 

with the production function: 

' ( , , )V FQ f X X t ,     (2.24) 

where '
1( ,..., )mQ Q Q  is a vector of m outputs obtained with r variable inputs; 

1( ,...., )V rX X X ; n-r quasi-fixed inputs; 1( ,...., )F r nX X X ; and the technology (t).  

Under certain regularity conditions of the production function and under the 

assumption of cost-minimizing behavior, there is a dual variable cost function that 

contains all relevant information about the technology and which can be represented as: 

1( , , ,....., , )V F mVC h W X Q Q t ,     (2.25) 

where VC denotes variable cost; and 1( ,..., )V rW W W  is a vector of prices of the variable 

inputs (XV). The total cost function can be written as:                                                          

1
1

( , , ,...., , t)
n

V F m i i
i r

C h W X Q Q X W
 

   ,     (2.26) 

where iW  is the price of the j-th quasi-fixed input. Next, we extend previous results to 

take into account the productive characteristics of the output. 
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Using the index TFP Q F    and totally differentiating the function (2.26) with 

respect to time and rearranging, we obtain:    

1 1 1

1 ( ) (1 )
i j

n n m
C Ci

CX i i i CQ
i i r ji

Xh CTFP S F Z X Q
C t C X

 

   

  
          

      ,  (2.27) 

where TFP  is the corrected index of Total Factor Productivity growth, lnC
lnXiCX

i

 



 is 

the elasticity of cost with respect to input i , /i i iS X W C  is the cost shares of input i , 

1 1
( )

CX CXi i

n n
C

i
i i

F X 
 

    denotes aggregate input growth using cost elasticities, rather                  

than cost shares, as weights, i
i

hZ
X


 


 is the shadow value of quasi-fixed input i,
i

C
X



 is 

the marginal cost of quasi-fixed input i , iX  is the rate of change of quasi-fixed input i    

lnC
lnQiCQ

j

 



 is the elasticity of cost with respect to output j, (
j

C
CQ

j
Q  )

jCQ j
j

Q   

is the index of aggregate output, but using cost elasticities, rather than revenue shares, as 

weights.   

Following De La Fuente (1999) the global cost elasticity 
1

( )
j

m

CQ
j



  can be written 

in terms of Capacity of Utilization (CU) and returns to scale (RS) and which can be 

represented as: 

1
j

m

CQ
j

CU
RS




 .     (2.28) 

Therefore, substituting (2.28) into equation (2.27) the corrected index can be written as:                                                                                                         
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*

1 1

1 ( ) 1
i

n n
C Ci

CX i i i
i i r i

Xh C CUTFP S F Z X Q
C t C X RS


  

               
     . (2.29) 

Equation (2.29) provides a decomposition of the corrected index of Total Factor 

Productivity Growth ( )TFP  into four components.  

The first component: 1 h
C t

     
is commonly interpreted as a measure of technical change.  

The second component: 
1

( )
i

n
C

CX i
i

S F


 
 


  can be interpreted as a measure of allocative 

inefficiency, it measures the effects of non-optimal allocation of factors on TFP. If the 

firms are allocatively efficients, then i
i

C W
X





 , i=1, 2…... n, and this term is equal to 

zero.  

The third component: 
1

n
i

i i
i r i

X CZ X
C X 

         
   measures the effects on Total Factor 

Productivity of sub-equilibrium due to quasi-fixed factors. This term vanishes in a 

competitive equilibrium when the shadow value of the fixed factors ( )iZ  is equal to its 

marginal cost ( / )iC X  .  

The fourth component: 1 CCU Q
RS

  

  measures the effects of changes in the scale of 

production on Total Factor Productivity. Farms might find it difficult to change some 

inputs and, as result, they do not necessarily operate at the optimum level of capacity 

utilization. This term vanishes when there are constant returns to scale (RS=1) and the 

capacity is fully utilized (CU=1).   
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Under constant returns to scale and at a competitive equilibrium in the product 

and factor markets, it can be easily shown that:  

* 1 hTFP TFP Q F
C t


    


   .    (2.30) 

2.4.2.2. Stochastic Frontier Analysis: Decomposition of Total Factor Productivity 

Growth 

The stochastic frontier approach is a parametric focusing and in this approach the 

error term can be broken down into two components, the random error term and the 

inefficiency error term.  

According to Kumbahakar and Lovell (2000), if inefficiency exists, whether it 

changes over time or not, it makes a contribution to productivity change. Moreover, the 

degree of capacity utilization affects the measurement of Total Factor Productivity (TFP) 

(Morrison, 1985).  It is therefore desirable to incorporate the possibility of efficiency 

change and capacity utilization change into a decomposition model of productivity.  If we 

start from this idea, we can structure a methodological procedure. 

According to Martínez and Rodríguez (2006), a stochastic frontier production 

function can be represented as:  

( , )exp( )it ijt itQ f x t u  ,     (2.31) 
 
where itQ  is the output of the ith firm (i = 1, 2 . . . N) in the t period (t = 1, 2 . . . T); 

( ).f  is the production frontier; x is an input vector; t is the time  trend index that 

serves as a proxy  for technical  change;  and 0u   is the output-oriented technical 

inefficiency (which varies over time). 
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If the frontier production, ( ).f , is totally differentiating with respect to time 

and expressing the result in terms of elasticities, we obtain:  

ln ( ).
j j

j

f TP x
t


 

   ,    (2.32) 

where ln ( ).fTP
t





 represents the technical progress or technical change; 

ln ( )
ln

.
j

fj
x

 



 is the elasticity of output with respect to the jth input, and a dot over x 

indicates its rate of change.  

Totally differentiating the logarithm of Q in equation (2.31) with respect to time, 

the change in production can be represented as: 

i i
j

duQ TP x
dt

    .     (2.33) 

In equation (2.33) the overall productivity change is affected not only by TP and 

changes in  input  use,  but  also by  the  change  in  technical  efficiency ( / )du dt ; thus 

if /du dt  is  positive (negative),  technical  efficiency deteriorates (improves) over time. 

To examine the effects of technical progress and changes in efficiency on TFP 

growth, the traditional definition for productivity total growth is used, that is the residual 

resulting from the output growth unexplained by input growth:           

i i
j

TFP Q s x   ,      (2.34) 

where jS  is the share of input j in production costs.  

By substituting equation (2.33) in (2.34), equation (2.34) is rewritten as:           

( 1) ( ) jj j j j
j j

duTFP TP RS x S x
dt

          ,   (2.35) 
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where j
j

RS   denotes the measurement of returns to scale and /j j RS  .  

In equation (2.35) the total factor productivity growth is decomposed into four 

components: technical progress, changes in technical efficiency ( / )CTE du dt  , 

changes in the scale component [ ( 1) ]jjCSC RS x     and    changes   in   allocative   

efficiency [ ( ) jj j
j

CAE S x   ].                 

The interpretation of the four components in equation (2.35) is the usual, TP 

measures the change in frontier output,  TP is positive (negative) if exogenous technical 

change shifts the production frontier upward (downward) for a given level of inputs.  

CTE can be interpreted as the rate at which an inefficient firms catches up to the 

production frontier. Depending on whether RS > 1, RS < 1 or RS = 1, positive scale 

effects, negative effects or non-scale effects, respectively, will exist.  The AE 

component measures inefficiency in resource allocation resulting from deviations of 

input prices from their marginal value.  

2.4.2.3. Stochastic Frontier Analysis: Malmquist Total Factor Productivity Index 

With using the Stochastic Frontier approach, it is also possible to deduce the 

Malmquist TFP index. The Malmquist TFP index measures the changes in TFP between 

two observed points (Hossain et al., 2012) and it is obtained as the product of technical 

efficiency change index and technological change index. The starting point of this 

methodology can be through the following stochastic frontier production function for 

panel data: 

( , ; ) it itv u
it itQ f X t e  .     (2.36) 
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The definition of equation (2.36) is similar to the definition of equation (2.7). Specifically, 

itu  is a vector of non-negative random variables which are assumed to account for 

technical efficiency (TE) and can be predicted by the following equation: 

( , ; )
it

it

uit
it v

it

QTE e
f X t e

                           (2.37) 

The technical efficiency change index for firm i is the ratio of the observed 

technical efficiency in period t to that in period s, 

/t it isTE TE TE .      (2.38) 

The technological change index for firm i between period s and period t is 

computed as the geometric mean of two partial time derivations of the production 

function,  

1/2
lnQ lnQ1 1it is

tTP
t s

                
 .    (2.39) 

The product of technical efficiency change index and technological change index 

gives the Malmquist TFP index, showing the TFP change between period s and period t, 

t t tMalmquist TFP index T E T P   .    (2.40) 


1/2

lnQ lnQ/ 1 1it is
t it isMalamquist TFP index TE TE

t s
                 

.    (2.41) 

 

Considering the different methods to estimate efficiency and productivity, in the 

following chapter we review the previous studies of efficiency and productivity in the 

field of agricultural production. 
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Chapter 3 

Previous studies 

This chapter devotes to review the previous empirical works regarding the 

analysis of efficiency and productivity that carried out at the field of agricultural 

production. Also the chapter highlights the type of methodology that used (parametric or 

non-parametric) and the type of variables that used for the analysis. The chapter ends 

with a summary of these studies and the conclusions. 

3.1. Studies that Analyze Efficiency  

The following are examples for the empirical works in the field of agricultural 

production which focus on the study of technical efficiency.  

Battese and Coelli (1995) applied the stochastic frontier production function 

(Cobb-Douglas form) for panel data. Data of 14 paddy farmers from the Indian village of 

Aurepalle were considered for an empirical application of the model. These data were 

collected by the International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT) from 1975-76 to 1984-85. The output was the total value of output, while the 

inputs were land, the proportion of the operated land that was irrigated, labor, bullock 

labor, costs (refers to the value of fertilizer, manure, pesticides, machinery, etc), age, and 

schooling. The results indicated that the model for the technical inefficiency effects, 

involving a constant term, age and schooling of farmers and year of observation, was a 

significant component in the stochastic frontier production function. The application also 

illustrated that the model specification permits the estimation of both technical change 
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and time-varying technical inefficiency; given that inefficiency effects were stochastic 

and had a known distribution.  

Coelli and Battese (1996) applied the stochastic frontier production function 

model [Cobb-Douglas form and the specification of Battese and Coelli (1995)] on the 

three villages of Aurepalle, Kanzara and Shirapur, which were selected by the 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) for the in-

depth study of the farming operations involved because they were considered broadly 

representative of the semi-arid tropics of India. The numbers of farmers involved in 

survey at the three villages are 34, 33 and 35 for Aurepalle, Kanzara and Shirapur, 

respectively. The predominant crops in the three villages are castor oil plant, sorghum 

and paddy in Aurepalle; cotton, pigeon pea and sorghum in Kanzara; and sorghum, 

chickpea, wheat and vegetables in Shirapur. The output was the total value of output from 

the crops which were grown, while the inputs were land, labor, bullock labor, cost of 

other inputs, age of farmer, and schooling of farmer. The results indicated that the 

efficiencies differ substantially within each village. They ranged from quite small values 

of less than 0.1 to values in excess of 0.9. The mean efficiencies of the farmers in the 

three villages did not appear to differ substantially. They  were  0.747  for  Aurepalle,  

0.738  for  Kanzara  and 0.711 for Shirapur.  

Kurkalova and Jensen (2000) estimated the technical efficiency of grain 

production in Ukraine. The data collected from a random survey of state and collective 

farms in Ukraine during the time period 1989 to 1992. The authors used a stochastic 

production frontier model (Cobb-Douglas form) as proposed by Battese and Coelli 

(1995). The output was the total grain production while the inputs were land, labor, 
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fertilizer, chemicals, and diesel fuel. The results indicated that technical efficiency of 

grain farmers declined over time. The average technical efficiency was 0.82, 0.76, 0.68 

and 0.60 for the four years (1989-1992) respectively.  

Ahmad et al. (2002) implemented the stochastic production frontier (Cobb-

Douglas form) and following Battese and Coelli (1995) to analyze wheat productivity; 

efficiency and sustainability of 1828 wheat farmers belong to irrigated area in Punjab, 

Sindh and NWFP Provinces of Pakistan. The study used data from a Fertilizer Use 

Survey 1997-19981 conducted by the Pakistan Institute of Development Economics for 

the National Fertilizer Development Centre, Planning and Development Division, 

Government of Pakistan. The output was wheat production, while inputs were wheat area, 

fertilizers, and seeds. Results indicated that the average technical efficiency was about 68 

percent showing a 32 percent loss in output, on an average, due to farmer’s technical 

inefficiency. Farmers in Punjab were technically more efficient than their counterparts in 

Sindh and NWFP.  

Goyal and Suhag (2003) examined the technical efficiency of wheat farmers in 

Haryana state of India. They estimated a stochastic frontier production function of Cobb-

Douglas form for three years from 1996-97 to 1998-99, and they used the specification of 

Battese and Coelli (1992). The farm level panel data was collected from 200 farmers 

spread over in each year. The output was the quantity of wheat while the inputs were 

human labor, quantity of fertilizer, irrigation expenditure, value of seeds, land area, and 

capital expenditure. Results indicated that technical efficiencies were time varying and 

declined over time. The mean technical efficiency declined from 0.92 in the first year to 

0.90 in the third year.  
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Hien et al. (2003) applied the stochastic frontier production function [Battese and 

Coelli (1992)] in the form of Cobb-Douglas to a field survey data on 120 paddy farmers 

of the Mekong Delta, Vietnam. The output was the quantity of rice while the inputs were 

quantity of seeds, quantity of fertilizers, pesticide cost, labor used, machine cost, and 

farm size. The authors’ inferred that there exists difference in the level of technical 

efficiency across season and the size of operational holding as well in paddy farming in 

the Mekong Delta. The mean technical efficiencies of 86.23%, 79.55% and 80.24% were 

achieved by paddy farms in winter-spring, spring-summer and summer-autumn, 

respectively in the Mekong Delta showing the scope for increasing paddy production by 

13.8%, 20.45% and 19.76% with the present technology itself. It was found that quantity 

of seed, active nitrogen and expense for pesticide had negative impact on the rice yield. 

On the other hand quantities of active phosphate and potassium and expense for hired 

machine have positive impact on rice yield. However those inputs were all allocated 

inefficiently. The technical inefficiency effects in the stochastic models are found to be 

statistically significant.  

Iráizoz et al. (2003) conducted a study to estimate the technical efficiency in the 

horticultural production sector in Navarra (Spain). Tomato and asparagus production 

were analyzed separately. They applied DEA and stochastic frontier (Cobb–Douglas 

form) and following the specification of Battese and Coelli (1992). The output was 

measured by sales of asparagus and gross tomato production, both in Euros. The inputs 

included labor, utilized agricultural area, average annual inventory of machinery and 

buildings, and cultivation costs. The results of the stochastic frontier indicated that the 

mean technical efficiency estimated was 0.80 for asparagus production and 0.89 for 
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tomato production, which revealed that there was a substantial inefficiency in farming 

operations for the sample considered. The main implication of these results was that 

farms could reduce their inputs without reducing their output, simply by improving 

technical efficiency. Improved efficiency, therefore, could have a positive effect on the 

reduction of production costs and on the increase of gross margin obtained by the farms. 

Anupama et al. (2005) implemented the stochastic frontier production function 

(Cobb–Douglas form) and following the specification of Battese and Coelli (1992) to 

estimate the technical efficiency. The primary data on various aspects of maize 

production from 300 households of Madhya Pradesh, India collected under the NATP 

project of the Division of Agricultural Economics was used for the study. Based on the 

importance of maize production, three major maize-growing districts, Chindwara, 

Shahdol and Mandsaur were selected. From each of the selected districts, two blocks 

were randomly chosen. At the penultimate stage, a cluster of 1-3 villages from each 

selected block was selected. Finally, 50 maize-growing farmers were randomly selected 

from each cluster of villages. The output was the maize yield, while the inputs were the 

human labor, quantity of fertilizer, capital which includes overhead expenditure on 

animal and machine labor, seeds and pesticides. The minimum technical efficiency was 

found 42 percent and the mean technical efficiency was 77 percent. The maximum 

number of farms came under the category of 80-90 percent technical efficiency. The 

study implied that the maize output of the average farmer could be increased by 23 

percent by adopting the technology followed by the best practice for farmers. 

Croppenstedt (2005) used the Egyptian Wheat Sample Survey for 800 farmers for 

1998 and estimated the Cobb-Douglas frontier production function [specification of 
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Battese and Coelli (1992)]. The output was the wheat yield while the inputs were land 

(feddan), labor, fertilizers, machine, and mule. The mean technical efficiency was 81 

percent with a range of 30 to 100 percent. 82 percent of farms achieved between 70 and 

94 percent technical efficiency. Technical efficiency at the governorate level ranged from 

92 percent for New Valley to 71 percent for Qalubia. There was no evidence that 

technical efficiency varied by farm size or variables that capture the impact of extension 

services. However extension services and, in particular, improved knowledge of 

irrigation were found raise the output by up to 14 percent. 

Hassan and Ahmad (2005) estimated the technical efficiency of wheat farmers in 

the mixed farming system of the Punjab, Pakistan by using stochastic frontier production 

function (Cobb Douglas form), incorporating technical inefficiency effect model 

[specification of Battese and Coelli (1995)]. The study used the primary data which were 

collected from 112 wheat farmers. The output was wheat production, while the inputs 

were wheat area, irrigation, weedicide, cultivation, fertilizer, manure, labor, and seeds. 

The mean technical efficiency of wheat farmers was 0.936 ranging between 0.58 and 

0.985. The results of frontier model indicated that wheat production could be increased 

by increasing wheat area, weedicide, cultivations and fertilizer use.  

Abedullah et al. (2006) estimated the technical efficiency of potato production in 

Punjab, Pakistan by employing the Cobb-Douglas stochastic production frontier approach 

[specification of Battese and Coelli (1995)]. Data from 100 farmers, 50 each from the 

districts of Okara and Kasur during the year 2002-2003 (the autumn crop) has been 

collected. The output was the quantity of vegetables yield, while the inputs were tractor, 

quantity of seed, labor, plant protection cost, quantity of manure, quantity of chemical 
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fertilizer, and irrigation. The null hypothesis of no technical inefficiency in the data is 

rejected. The results indicated that potato farmers were 84 percent technically efficient, 

implying significant potential in potato production that can be developed. The additional 

quantity of potatoes gathered through efficiency improvements would generate Rs. 

990.81 ($16.51) million of revenue each year.  

Covaci and Sojková (2006) explained the technical efficiency among farms in 

Slovakia. The data employed for the translog stochastic frontier model are taken from a 

sample of farm data obtained from the Research Institute of Agricultural Economics and 

Nutrition in Bratislava (VÚEPP) from 2000-2004. Two stochastic frontier model 

specifications were employed; Battese and Coelli (1992), and Battese and Coelli (1995). 

The output was the wheat production and the inputs were seed, fertilizers, chemicals, and 

land. Technical efficiencies of wheat production were 0.7587, 0.9086, 0.7764, 0.6141, 

and 0.8655 respectively for the period from 2000 to 2004. 

Günden et al. (2006) conducted a study to determine how efficiently the resources 

are used in sunflower production in Turkey. The data used in efficiency measurements 

covers the provinces of Tekirdag, Kırklareli and Edirne in Trakya region which is the 

most important area of sunflower seed production. 197 farmers were interviewed face to 

face to obtain the data. Efficiency measurements are made by means of the Data 

Envelopment Analysis (DEA) with respect to constant return to scale for each province. 

The Efficiency scores were decomposed into pure technical efficiency and scale 

efficiency. Total sunflower production was used as the output, while land, labor, tractor 

use, quantity of nitrogen fertilizer, quantity of seed and quantity of pesticide were 

considered as the main inputs. Average technical efficiency score covering all the 
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provinces is estimated as 0.672. None of the provinces produces sunflower efficiently, 

Tekirdag province has the highest pure technical efficiency and scale efficiency.  

Shanmugam and Venkataramani (2006) estimated the technical efficiency of 

about 250 Indian districts for the year 1990-91, and they used the stochastic frontier 

production approach (Cobb-Douglas function) and the specification of Battese and Coelli 

(1992) . The gross agricultural production value measured the aggregate total output 

variable in the study. Inputs comprised of land, chemical fertilizer, and labor. They found 

that Indian districts have a mean technical efficiency of 79 percent, indicating that, on 

average, agricultural output can be increased by about 21 percent with the existing 

resources.  

Tijani (2006) estimated the technical efficiencies of rice farms in Osun State, 

Nigeria. The technical efficiencies were estimated using the stochastic frontier production 

function approach applied to primary data. A translog production function was used to 

represent the production frontier of the rice farms [specification of Battese and Coelli 

(1995)]. The output was the value of rice while the inputs were farm size, labor, and 

fertilizer. The study showed that the levels of technical efficiency ranged from 29.4% to 

98.2% with a mean of 86.6%. Therefore rice production in the study area can be 

increased with the current levels of inputs and technology in the short run if less efficient 

farms are encouraged to follow the resource utilization pattern of the most efficient farms.  

Abedullah et al. (2007) employed the stochastic frontier production approach 

[Cobb-Douglas form and the specification of Battese and Coelli (1995)] to determine the 

future investment strategies that can enhance the production of rice in Punjab, Pakistan. 

The data is collected from 200 farmers in the year of 2005 from two Tehsils of 
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Sheikhupura district which is one of the major rice growing districts of Punjab province. 

The output was the rice yield while the inputs were area, plowing, irrigation, labor, plant 

protection cost, fertilizers, dummy for planking, dummy for seed dressing, and dummy 

for puddling. On an average farmers were 91 percent technically efficient implying that 

little potential exists that can be explored to improve resource use efficiency in rice 

production. To improve rice productivity in the long run, production function needs to be 

shifted upward with the help of new production technologies. It implies that research 

institutes should focus for the development of high yielding and more qualitative varieties 

and this required more investment on research related activities. 

Mohiuddin et al. (2007) conducted a study at the sadar upazila of Kishoreganj 

district, Bangladesh during the period of April to May 2003 to study the broad 

quantitative analysis of efficiency and sustainability of maize cultivation at farmers’ field. 

The study was based on a sample survey of sixty maize growing farmers, of which 34 is 

small, 20 medium and 6 large categories of farmers from four villages and the study was 

used the frontier production function [Cobb-Douglas function and the specification of 

Battese and Coelli (1992)]. The inputs of seeds, irrigation, urea, chemical fertilizers 

(Triple superphosphate and Magnesium phosphate), manure, human labor and ploughing 

(land preparation) were considered as the explanatory variables responsible for the maize 

yield. The study revealed that the average technical efficiency was derived at 98% and it 

was ranged between 95% to 99%. It implies that maize growers were found 2% 

technically inefficient. There exist 2% potential for increasing maize yield at the existing 

level of their resource use. 
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Dolisca and Jolly (2008) employed the stochastic production frontier function 

[Cobb-Douglas functional form and the specification of Battese and Coelli (1992)] to 

examine the factors that influence the technical efficiency of a traditional crop (bean) and 

a non-traditional crop (potato) in Haiti. Data from 243 limited resource farmers were used 

in the empirical analysis. The dependent variable was the total output quantity of the farm 

while the independent variables were area size, labors, quantity of fertilizers, quantity of 

pesticides, capital, and quantity of seeds. For beans, the technical efficiency ranged from 

2% to 85% with an average of 48%. For potato, technical efficiency ranged between 

5.6% and 91.8% with an average of 61%. Potato was technically more efficient and 

generated higher net returns per hectare.  

Hasan (2008) measured the technical efficiency of maize production at the Sadar 

upazila of Dinajpur and Panchagarh, Bangladesh. The sample size of the study was 100 

equally from each district. The output was the yield of maize and the inputs were the 

quantity of seeds, amount of manure, amount of urea, amount of chemical fertilizers 

(Triple superphosphate and Magnesium phosphate), irrigation, human labor, and 

ploughing. The study implemented the Cobb-Douglas production function model in its 

stochastic form [specification of Battese and Coelli (1992)]. The technical efficiency was 

found on an average 0.84 at Dinajpur and 0.80 at Panchagarh, so farmers in the study 

area have scope to increase maize productivity by attaining full efficiency through 

reallocating the resources. 

Gul et al. (2009) analyzed technical efficiency of cotton farms in Çukurova region 

in Turkey. Data was collected from cotton farms through a questionnaire study. Data 

collection was carried out following 2004-2005 growing seasons. Technical efficiency of 
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cotton farms was estimated by using the Data Envelopment Analysis (DEA) and 

technical efficiency scores were calculated employing an input oriented DEA. One output 

and seven inputs were used in the DEA model. The only output is the cotton yield per 

unit area. The inputs included are pure nitrogen, pure phosphorus, amount of seed used, 

total labor used, total machinery working hours, total pesticide cost, and number of 

irrigations. Results indicated that technical efficiency ranges between 23 to 100 percent 

among the cotton producers in Çukurva region, mean technical efficiency is estimated at 

79 percent. Therefore, there is a 21% scope for increasing cotton production by using the 

present technology.  

Ojo et al. (2009) estimated the technical efficiency of farm level in yam 

production on food security in Niger state, Nigeria. Data used for the study were obtained 

using structured questionnaire administered to 100 randomly selected yam based farmers 

from Edati and Munyan local government areas of the state. Stochastic frontier 

production function [Cobb-Douglas functional form and the specification of Battese and 

Coelli (1995)] were used. The dependent variable was the value of farm output and the 

independent variables were farm size, labors, quantity of fertilizers, quantity of herbicides, 

and quantity of seeds. The result showed the return to scale of 1.686 indicating an 

increasing return to scale and that small scale yam production in the area was in stage I of 

the production function. The study also showed that the levels of technical efficiency 

ranged from 31.72% to 95.10% with mean of 75.64% which suggests that average yam 

output falls 24.46% short of the maximum possible level. From the results obtained, 

although farmers were generally relatively efficient, they still have room to increase the 
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efficiency in their farming activities as about 24 percent efficiency gap from optimum 

(100%) remains yet to be attained by all farmers.  

Rahman and Umar (2009) measured the technical efficiency and identified its 

determinants in crop production in Lafia local government area of Nasarawa state of 

Nigeria using a stochastic frontier production model [Cobb-Douglas production function 

and the specification of Battese and Coelli (1995)]. Double stage random sampling 

technique was used to select 100 crop farmers from which input-output data were 

collected based on 2005 cropping season. The output was the value of crops output in 

aggregate, while the inputs were farm size, labor, seeds cost, chemical costs, and fertilizer. 

The results revealed that the technical efficiency of crop production ranged from 32.7% 

to 89.4% with mean of 69.6%. Farm size and fertilizer were the major inputs that are 

associated with the variation in crop output. The significant socio economic variables that 

accounted for the observed variations in technical efficiency among crop farmers were 

age, gender, marital status, household size, other occupation and land ownership. The 

study recommended that a land redistribution policy that will increase the farm size of the 

farmers should be initiated. Fertilizer supply at subsidized rate to farmers in the area 

should be encouraged. 

Aye and Mungatana (2010) investigated the technical efficiency of traditional and 

hybrid maize farms in Nigeria. Technical efficiency scores were obtained from different 

models namely stochastic input distance function (SIDF), stochastic frontier production 

function (SFPF) in the Cobb-Douglas functional form and the specification of Battese 

and Coelli (1992), data envelopment analysis (DEA) and the results were compared. A 

total of 240 farm households were selected for the study using a multistage random 
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sampling technique. The selected households were interviewed using semi-structured 

questionnaires. The output was the maize production and the inputs were land, labor, 

fertilizer and others (quantity of seed, herbicides and pesticides). The results indicated 

that the mean technical efficiency for the stochastic input distance function (SIDF) hybrid 

farmers was 0.887 while for the traditional farmers was 0.794. Mean technical efficiency 

for the stochastic frontier production function (SFPF) hybrid farmers was 0.885 while for 

the traditional farmers was 0.844. Mean technical efficiency for the data envelopment 

analysis (DEA) variable returns to scale (VRS) hybrid farmers was 0.874 while for the 

traditional farmers was 0.782. Mean technical efficiency for the data envelopment 

analysis (DEA) constant returns to scale (CRS) hybrid farmers was 0.822 while for the 

traditional farmers was 0.721. 

Dağistan (2010) carried out a study to determine technical efficiency of wheat 

growing farms in Cukurova region of Turkey, 103 wheat growing farmers provided the 

data through a questionnaire study in the 2004-2005 growing season. Technical 

efficiency of wheat farming was estimated by using the data envelopment analysis (DEA). 

Variables used in the efficiency analysis were wheat yield as output, and the inputs 

included fertilizers quantity, seed quantity, labor hours, machinery operating time, and 

pesticide. The results showed that technical efficiency ranged between 38 to 100 percent 

among the wheat producers in the region. The mean technical efficiency was estimated at 

80 percent. Therefore, there is a 20 percent scope for increasing wheat production by 

using the present technology.  

Dlamini et al. (2010) investigated the technical efficiency of the small scale 

sugarcane farmers of Swaziland using stochastic frontier production functions for 
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Vuvulane scheme and Big bend individual farmers. The stochastic production frontier 

function model of the Cobb- Douglas type used incorporates a model for the technical 

inefficiency effects [specification of Battese and Coelli (1995)]. Farm-level cross-

sectional data were collected from 40 sugarcane schemes and 35 individual sugarcane 

farmers. The output was the total quantity of sugarcane harvested, while the inputs were 

land, fertilizer, labor and herbicides. The results revealed that the Vuvulane sugarcane 

farmers have efficiency ranges from 37.5 to 99.9% with a mean of 73.6%, whilst for the 

Big bend sugarcane farmers it ranges from 71 to 94.4% with a mean value of about 86%. 

The sugarcane farmers at Vuvulane over-utilized land. Thus, an appropriate amount of 

land utilization could increase the sugarcane production for Vuvulane sugarcane farmers.  

Javed et al. (2010) conducted a study to estimate technical efficiency and identify 

the determinants of technical inefficiency of rice-wheat farming system in Punjab, 

Pakistan. The non-parametric data envelopment analysis (DEA) technique was applied. 

The output was the total farm income while the inputs were cropped area, quantity of 

seed, tractor, NPK nutrients, quantity of pesticides/insecticides/weedicides, labor, 

irrigation, quantity of fodder, and quantity of concentrates to feed the animals. The results 

revealed that mean technical efficiency of the system was 0.83, with minimum level of 

0.317 and maximum of 1. This indicated the existence of substantial technical 

inefficiency in rice-wheat system in Punjab. The study revealed that if sample farms in 

rice-wheat system operated at full efficiency level these could reduce their input use by 

17 percent without any reduction in the level of output and with existing technology. 

Kachroo et al. (2010) estimated the technical efficiency of wheat farmers under 

dryland and irrigated conditions in the Jammu district of Jammu and Kashmir state, India 
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for the year 2006 in a Cobb-Douglas production function [specification of Battese and 

Coelli (1992)]. The information was collected by interviewing the farmers personally and 

the farmers were selected by simple random sampling to constitute the sample of 200 

farmers from the whole area under study. The output was the quantity of wheat yield and 

the inputs were wheat area, quantity of seeds, quantity of fertilizers, and labor. The 

stochastic frontier production function has been used to estimate the technical efficiency 

of these farmers. The estimated mean technical efficiency of wheat farmers under dry 

condition has been found to be 0.84, indicating 84 percent efficiency in their use of 

production inputs, and for irrigated condition it has been found to be 0.88, that means the 

average output of wheat could be increased by 12 percent by adopting technology 

properly.  

Kaur et al. (2010) analyzed the technical efficiency in wheat production across 

different regions of the Punjab state, India. It is based on the cross sectional data 

collected from a random sample of 564 farm households comprising 58, 318, and 188 

households from semi-hilly, central and south-western regions for the year 2005-06. The 

study implemented the stochastic frontier production approach [Cobb-Douglas form and 

the specification of Battese and Coelli (1992)]. The output was the quantity of wheat and 

the inputs were wheat area, expenditure on plant protection chemicals, irrigation, human 

labor, machine labor, quantity of chemical fertilizer, and regional dummies. The mean 

technical efficiency of wheat production has been found 87 percent, 94 percent, 86 

percent and 87 percent in semi-hilly, central, south-western and Punjab state as a whole, 

respectively. The results signified that farmers of the central region do not have much 

scope to increase productivity of wheat through technical efficiency improvement under 
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the existing conditions of input-use and technology. In the semi-hilly and south-western 

regions, the yield of wheat can be improved to the extent of 13 percent and 14 percent, 

respectively through adoption of better practices of technology.  

Khan et al. (2010) examined the technical efficiency of rice farmers in 

Bangladesh. One hundred fifty rice farmers has been selected through random sampling 

procedure from five upazilas in Jamalpur district which comprising of 30 farmers from 

each upazila. The study has employed stochastic production frontier approach (Cobb-

Douglas form) and the specification of Battese and Coelli (1995) to estimate technical 

efficiency for Boro and Aman rice. The output was the production of Boro and Aman rice, 

while the inputs were farm size, human labor, seed/seedling, fertilizer, manure, pesticide, 

power tiller, and irrigation cost. The result revealed that the mean technical efficiency for 

Boro was 95% and for Aman was 91%, rice farmers were highly satisfactory. The study 

suggested that since farmers are enough efficient to the existing varieties, so government 

should give emphasis on rice research to develop new varieties which can ensure food 

security in Bangladesh.  

Nyagaka et al. (2010) used data from a field survey using a random sample of 127 

smallholder potato producers from Nyandarua North District, Kenya to assess technical 

efficiency. The stochastic production frontier technique (Cobb-Douglas form) and the 

specification of Battese and Coelli (1992) were used to derive technical efficiency for the 

Irish potato producers in Nyandarua North District. The output was the potato production, 

while the inputs were plot size, labor, seed, fertilizer, and pesticides. Technical efficiency 

ranged from 0.21 to 0.93 with a mean of 0.67 which implies considerable production 

inefficiency. Therefore, there is a substantial potential for enhancing profitability by 
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reducing costs through improved efficiency. By operating at full technical efficiency 

levels, on average, the sample producers would be able to reduce their costs by about 

33%. This potential cost saving in production costs will translate into enhanced 

profitability and additional income for the Irish potato producers.  

Eyitayo et al. (2011) assessed the technical efficiency of cocoa farms in Cross 

River State, Nigeria. Technical efficiencies were computed using 2008/2009 cocoa 

production data from sampled farmers in Cross River State. An input oriented DEA 

approach was used to generate technical efficiency estimated using DEAP software. The 

output was cocoa beans, while the inputs were farm size, costs of hired labor, costs of 

fungicide and costs of pesticide. The estimated mean technical efficiency (TE) was 88% 

which implies that there is a 12% scope for increasing cocoa production by using the 

existing technology. However, TE ranges between 20 to 100% among the cocoa 

producers in the sampled area. Excesses in input utilization were observed in respect of 

farm size, cost of hired labor, cost of fungicide and cost of insecticide. All these excesses 

adversely affect technical efficiencies of cocoa farming. Inefficiencies indicate a wrong 

combination of these inputs. Thus, cocoa producers in the study area must be educated 

about the use and appropriate combination of these inputs in order to improve their 

efficiency. This implies that farmer training programs should be available to all farmers 

in order to improve their knowledge and hence ensure appropriate combination of inputs.  

Javed et al. (2011) investigated the effect of farm size on productive efficiency of 

smallholder farms of cotton-wheat system in Punjab Province of Pakistan. Data 

envelopment analysis (DEA) was used to generate input oriented measure of technical, 

allocative and economic efficiency from a cross sectional survey data of 200 farms 
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collected for the crop year 2006-07. The output variable used for estimating technical 

efficiency was the total farm income, while the inputs used in the study were land; tractor; 

seed; Nitrogen, Phosphorus and Potassium (NPK); pesticide; labor; irrigation; fodder and 

concentrates. The study revealed that mean total technical efficiency of farms in the 

sample area was 0.75, while mean allocative efficiency of the sample farms was 0.44. 

Sample farms operating at full efficiency level have the potential to reduce their input use 

by 25 percent and cost of production by 56 percent without reducing the level of output, 

with the same technology. Decomposition of technical efficiency indicated that on 

average the sample farms are pure technical more efficient than they are scale efficient. 

Thus high level of technical efficiency observed on large farms was mainly due to scale 

efficiency. The mean pure technical efficiency of the sample farms was 0.89 ranging 

between 0.41 and 1.0. The mean scale efficiency was 0.82 ranging between 0.27 and 1.0. 

Mean pure technical efficiency of small, medium and large farms was 0.89, 0.83 and 0.88, 

respectively. These results revealed that small farmers were technically more efficient in 

their resource allocation than medium and large farmers. Mean scale efficiency of small, 

medium and large farms was 0.82, 0.89 and 0.94, respectively. The study revealed that, 

on average, small farms were the least scale efficient and large farms were the most scale 

efficient.  

Khai and Yabe (2011) measured the technical efficiency of rice production in 

Vietnam. The Vietnam Household Living Standard Survey 2005-2006 was analyzed 

using the stochastic frontier analysis method in the form of Cobb-Douglas production 

function. They used the specification of Battese and Coelli (1992). The output was the 

rice production, while the inputs were seed expenditures, pesticide costs, fertilizer 
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quantity, machinery services, labor, small tools and energy, other rice expenditures, and 

rice land area. The calculated technical efficiency in the study was around 81.6 percent.  

Oyewo (2011) used a cross sectional data obtained through a multistage sampling 

technique to estimate the technical efficiency of maize producing-farmers in Oyo State, 

Nigeria. A multistage sampling technique was used to select 120 maize farmers in the 

study area. Stochastic frontier production model was used in the analysis in the form of 

Cobb Douglass production function and the specification of Battese and Coelli (1995) 

was adopted. The output was the production of maize, while the inputs were farm size, 

labor, seeds, and fertilizer. The mean technical efficiency was 0.961 therefore there is a 

scope for increasing maize production with the present technology. Therefore the study 

confirmed that more land can still be open for maize production in the area with the 

current level of input used. 

Ali and Yousif (2012) conducted a study to estimate the economic efficiency of 

wheat and faba bean production for small-scale farmers in Northern State-Sudan using 

the stochastic frontier production [translog form and specification of Battese and Coelli 

(1995)] and cost functions. A sample of 120 farmers from Dongola locality in the north 

and Ed-abba locality in the south of the state in 2004/05 winter season was selected using 

a randomized multi-stage stratified sampling technique. Outputs of wheat and faba bean 

were collected on their physical quantities and then converted into values using 

prevailing market prices. Inputs were land, labor, seeds, number of irrigations, 

agricultural operations and agro-chemicals. The results indicated that the mean technical 

efficiencies of wheat were 0.75 and 0.66 in Dongola and Ed-abba, respectively, while for 

faba bean they were 0.65 and 0.71, the overall mean allocative efficiencies of wheat in 
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the two localities were 0.72 and 0.68, whereas, they were 0.86, 0.84 for faba bean. That 

means farmers who cultivated faba bean were more economically efficient than farmers 

who cultivated wheat in the two localities. 

Reddy (2012) applied the stochastic frontier production function (Cobb-Douglas 

form) for panel data on districts at Orissa state in India. The author used the specification 

of Battese and Coelli (1995). The database of the International Crops Research Institute 

for Semi-arid Tropics (ICRISAT) district level from 1971 to 2008 was used for the study. 

The whole study period from 1971 to 2008 was divided into two periods (period-I: 1971-

1990 representing pre-liberalization of Indian economy; period-II: 1991-2008 

representing post-liberalization). The analysis was done for the old undivided 13 districts. 

The output was the Gross Value of Agricultural Production (GVAP), while the inputs 

were gross cropped area, gross irrigated area, rural agricultural workers, total adult male 

buffalo and cattle population, number of tractors, quantity of fertilizer, area under high 

yield varieties, and time variable. The results revealed that the Gross Cropped Area 

(GCA), cattle population and number of rural agricultural workers have positive and 

significant influence on district level GVAP. Time is not significant, which infer that 

there is no significant technological progress during the past 37 years.  

Sohail et al. (2012) examined the production efficiency of wheat producing 

farmers in District Sargodha in Pakistan using farm level data. Data was collected from 

seventeen villages and eighty three farmers were interviewed. Data Envelop Analysis 

Program (DEAP) was used for estimation the farm level technical efficiency scores. 

There were two outputs variables. First, output of wheat which was measured in 

kilograms and the second, was the value of citrus produced in wheat fields in Rupees. 
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The inputs variables used in the study were total farm area, total seed used on farm, total 

thrashing labor, total labor, total nutrient used, total farm yard manure, total cost of 

weedicide, total number of irrigation on farm, and total tractor hours utilized. The results 

revealed that maximum efficiency was 1, minimum efficiency was 0.6 and mean of 

efficiency scores was 0.87. 

Neupane and Moss (2015) estimated the technical inefficiency in wheat yields in four 

major wheat-producing states in the US (Kansas, Nebraska, Oklahoma, and Texas). The 

study employed the stochastic frontier model to estimate wheat yield and measure 

technical inefficiency in the production. The study uses survey data from United States 

Department of Agriculture (USDA), National Agricultural Statistics Service (NASS), 

Economic Research Service (ERS). The output is wheat yield. The inputs are nitrogen, 

phosphorus, and the variables that affect technical inefficiency (drought and wheat’s 

share acreages). The findings show that increase moisture level has positive impact on the 

mean efficiency of wheat production, while wheat’s share acreage has negative impact on 

efficiency. The inefficiency of wheat production varied widely in these states and has a 

mean value of 16 percent. The mean technical inefficiency of 16 percent implies that 

realized output could be increased by 16 percent without additional resources.  

 

3.2. Studies that Analyze Jointly Efficiency and Productivity 

In the last years, an interesting empirical works carried out at the field of 

agricultural production, these works analyze jointly the efficiency and productivity. The 

following are some examples of this type of works. 
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Karagiannis and Tzouvelekas (2005) applied the translog production frontier 

model [specification of Battese and Coelli (1995)] for a sample of sheep farms in Greece 

for the period 1989-1992. The output was measured in terms of total gross revenue from 

farm produce (i.e., meat, milk and wool) measured in value terms. The inputs were labor, 

flock size, expenses for feed, and other cost expenses (fuel and electric power, 

depreciation, interest payments, veterinary expenses, fixed assets interest, taxes and other 

miscellaneous expenses). Output growth decomposed into input growth (size effect), 

changes in technical efficiency, technical change, and the effect of returns to scale. The 

technical efficiency change effect is found to be the main source of TFP growth followed 

by technical change and the scale effect.  

Rae et al. (2006) employed the stochastic frontier production function in translog 

form [specification of Battese and Coelli (1995)] to measure and decompose productivity 

growth in China’s major livestock sectors. The outputs were the production of pork, egg, 

milk, and beef, while the inputs were feed, labor, and nonlivestock capital. Results 

indicated that over the 1990s the average growth in total factor productivity (TFP) was 

fastest in hog, egg, and beef production, between 3% and 5% per year. Thus, the growth 

rates of TFP for hogs, beef, and eggs were all greater than 2% and about 4% on average. 

Only in the case of milk the TFP growth was low, between 0.5% and 1.3% on average 

across regions. Decomposition of TFP growth into its technical efficiency and technical 

change components revealed differences among livestock types. One of the major 

findings was that technical progress occurred over the 1990s for all livestock sectors. 

Annual growth rates varied from under 3% on backyard hog farms to over 6% on 

specialist hog and milk farms. One of the most regular findings of the study was that the 
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growth in technical efficiency has been relatively slow or even negative in comparison to 

technical change. The study indicated that there is opportunity for improving the 

livestock sector’s performance by improving the efficiency of producers.  

Lambarraa et al. (2007) conducted a study to assess the relative technical 

efficiency and to decompose the productivity growth of Spanish olive farms. The authors 

applied the stochastic frontier production function in translog form [specification of 

Battese and Coelli (1995)], and a primal approach was used to decompose total factor 

productivity (TFP) growth into its various components. The output was defined as an 

implicit quantity index by dividing total olive sales in currency units by the olive price 

index. The inputs were the pesticides, fertilizers, other crop-specific costs, labor, land, 

and irrigation. Technical efficiency for sample farms takes an average value of 75.5% 

throughout the period studied (1999-2002), implying that output could increase 

substantially if technical inefficiency were eliminated. As for productivity growth, results 

show an increase in average productivity of about 3.1% per year during the period of 

study. Productivity growth was mainly driven by the technical efficiency change and the 

scale component.  

Bushara and Barakat (2010) carried out a study to decompose total factor 

productivity change of cotton cultivars [Barakat-90 and Barac(67)B] in the Gezira 

scheme, Sudan during the time period 1991-2007 into two components technological 

change and technical efficiency change and the latter was further divided into scale 

efficiency change and pure efficiency change. The study based on the Data Envelopment 

Analysis program using the model of Malmquist indices. The output was the cotton 

cultivars, while the inputs were land, water, capital, material, and labor. The results 
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indicated that total factor productivity change was -1.3% for the period 1991 to 2007, the 

contribution of technical efficiency change was -1.6% and technological change was 

0.30%, the main problem was the efficiency change and this was mainly due to scale 

inefficiency, Barac(67)B contributed to this negative at an average annual rate -3.3%. 

This implying that Barac(67)B was ailing due to efficiency change.  

Bushara and Dongos (2010) conducted a study to decompose total factor 

productivity index of wheat production in Sudan into tow components the technological 

change and the efficiency change. The study based on the Data Envelopment Analysis 

using model of input–oriented Malmquist index. The output was the wheat value while 

inputs were land, water, capital, material, and labor. The results revealed that the 

efficiency change was equal to zero, implying no significant effect on the productivity of 

wheat crop. The technology change was between 0.46 and -1.42, which implied that 

fluctuation in wheat crop yields were attributed mainly to poor application of the full 

technological package. 

Headey et al. (2010) conducted a study to present total factor productivity (TFP) 

growth rates in agriculture for 88 countries [(Organization for Economic Co-operation 

and Development (OECD) Countries, Middle East and North Africa (MENA) regions, 

East Asian regions, Latin America, Caribbean, Sub-Saharan Africa, and South Asia)] 

over the 1970-2001 period, estimated with both stochastic frontier analysis [translog form 

and the specification of Battese and Coelli (1992)] and data envelopment analysis. The 

outputs were crops and livestock, while inputs were land, tractors, labor, fertilizer, and 

livestock. The results with stochastic frontier analysis were more plausible than with data 

envelopment analysis. Total factor productivity (TFP) growth was fastest in the OECD 
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Countries, MENA regions, and East Asian regions; variable in Latin America, Caribbean, 

and Sub-Saharan Africa; and general quite low in South Asia during the period of study. 

Jin et al. (2010) carried out a study to better understand the productivity trends in 

China’s agricultural sector during the reform era with an emphasis on the 1990-2004 

period. The study employed the stochastic production frontier function approach 

[translog form and the specification of Battese and Coelli (1995)] to estimate the rate of 

change in TFP for each commodity and to decompose the changes in TFP into two 

components; Changes in efficiency and changes in technical change. The outputs were 23 

of China’s main farm commodities (grains, soybean, cotton, horticultural crops and 

livestock commodities), while the inputs were labor, feed, breeding animal inventories, 

and non-livestock capital. Findings, especially after the early 1990s were remarkably 

consistent, China’s agricultural TFP has grown at a healthy rate for all 23 commodities. 

TFP growth for the staple commodities generally rose around 2% annually; TFP growth 

for most horticulture and livestock commodities was even higher (between 3 and 5%). 

Technical change accounts for most of the rise in TFP.  

Carroll et al. (2011) employed the stochastic frontier approach [translog form and 

the specification of Battese and Coelli (1992)] and estimated four models. The results 

used to construct a generalized Malmquist Total Factor Productivity (TFP) index for the 

Irish tillage sector. There were 11 main crop types in the system; winter wheat, spring 

wheat, winter barley, spring barley, malting barley, winter oats, spring oats, oilseed rape, 

peas and beans, potatoes and sugar beet. Annual output equals the sum of sales (value) 

from each crop. The inputs were land, labor, capital, and direct costs. The technical 

change parameters were very similar across all models with no major deviations observed. 
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Labor and direct costs were the most important inputs while capital had only a small 

marginal effect. Significant increasing returns to scale were prevalent which implies that 

productivity improvements are attainable by increasing the scale of operations.   

Korkmaz (2011) carried out a study to determine the total factor productivity 

changes between the years 2006 and 2010 at the state forest enterprises bound to Isparta 

regional forest directorate located at the Western Mediterranean region in Turkey. The 

Malmquist Productivity Index as a non-parametric approach was used in the study. 

Malmquist productivity index evaluated based on the data envelopment analysis. The 

outputs were the total amount of production of logs, mine poles, and the value added, 

while the inputs were the actual capital of forest enterprises, production costs, and 

amount of employees. Technical efficiency change value had reached its highest level in 

2007-2008 with an increase of 11.5%. Technological change value had shown increase in 

the first and the last periods while ruled towards decrease during the other periods. Pure 

technical efficiency change value had reached its maximum level in 2007-2008 but then 

was subject to decrease in the following years. There was no change seen in the scale 

efficiency change values. For the total factor productivity changes values, besides the 

increase seen in the first period with a rate of 0.2%, the following periods experienced 

decrease. The reason for the increase in such period was due to the contribution of the 

technological change values with a rate of 12.3%. However, the technical efficiency 

change values of the period had disaffected the total factor productivity changes values 

with a rate of 10.7%.  

Lambarraa et al. (2011) carried out a study about the Spanish citrus farms. The 

study used a farm-level data for a sample of farms specialized in orange production. The 
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main purpose of the study was to analyze the technical efficiency using the stochastic 

frontier model [Cobb-Douglas form and the specification of Battese and Coelli (1992)] 

and decompose the productivity growth into various components using primal approach. 

The output was defined as an implicit quantity index by dividing total orange sales in 

currency units by the orange price index. The inputs were the fertilizers, pesticides, other 

crop-specific costs, land, and labor. The results indicated that Spanish citrus farms 

improved their technical efficiency during the period of study (1995-2003) at a rate of 

9.5%, (the estimated average technical efficiency level for the sample was 64.11%); 

results also indicated evidence in favor of an increase in total factor productivity at a rate 

of 2.7% per year. Allocation efficiencies, technical efficiency change, and scale effects 

were found to be the main factors that caused this growth in TFP. 

Si and Wang (2011) implemented the Translog stochastic frontier production 

function [specification of Battese and Coelli (1995)] to examine productivity growth, 

technical efficiency, and technical change in China’s soybean sector. A panel data set of 

12 major soybean producing provinces across the nation during the period of 1983 to 

2007 is used. The output was the soybean yield, while inputs were labor, seed, fertilizer, 

and machine. The results indicated that total factor productivity for China’s soybean 

production increased by 1.5% annually, with productivity growth, mainly, from 

technological progress. However, both technical efficiency and technical progress 

showed a decreasing trend through time. Market liberalization has produced negative 

impact on China’s soybean productivity. 

Chaudhary (2012) conducted a study to estimate total factor productivity (TFP) in 

Indian agriculture at state-level for the years 1983-1984 to 2005-2006. Changes in TFP 
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estimated by using the non-parametric Sequential Malmquist TFP index based on Data 

Envelopment Analysis. TFP change decomposed into efficiency change and technical 

change. The study used the index of agricultural production as the measure of output, 

while the inputs were land, water, fertilizer, tractors, and livestock. The results indicated 

that productivity improvements were marked in very few states. The contribution of 

technical change is greater than that of efficiency change to overall productivity changes 

in all the states. The improvements in efficiency were observed to be low for most of the 

states and efficiency decline was observed in several states implying huge potential 

increase in production even with the existing technology.  

Hossain et al. (2012) applied the Translog stochastic frontier production model 

[specification of Battese and Coelli (1992)] and Data Envelopment Analysis (DEA) to 

estimate efficiencies over time and the Total Factor Productivity (TFP) growth rate for 

Bangladeshi rice crops (Aus, Aman and Boro) during the period 1989-2008. The output 

was the rice production, while the inputs were area, seed, and fertilizer. The results 

indicated that technical efficiency was observed as higher for Boro among the three types 

of rice, but the overall technical efficiency of rice production was found around 50%. By 

all the methods of estimation, the overall growth rate of TFP was positive which supports 

the increase of rice production ability in Bangladesh.  

Yoo et al. (2012) conducted a study to measure the agricultural total factor 

productivity (TFP) and its components (technological and technical efficiency change) by 

estimating a production function and stochastic frontier [Cobb-Douglas form and the 

specification of Battese and Coelli (1992)] during 1970-2009. The study examined the 

sources of South Korean agricultural TFP with an emphasis on trade openness, and 
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agricultural research and extension. The South Korean agricultural gross revenue used as 

output, while the inputs were capital (land, facilities, machines, and animals), farm 

production materials, and labor. The study found that TFP elasticity with respect to trade 

openness was significantly larger after 1994 relative to the pre-reform period.  

Hajian et al. (2013) carried out a study to measure the technical, allocative, and 

economic efficiency; and the total factor productivity for the strategic agronomy products 

including wheat, barley, rice, cotton and sugar beet in Iran during 1995 to 2009 by 

Malmquist index using Data Envelopment Analysis method. The output was the 

production of wheat, barley, rice, cotton and sugar beet; while the inputs were seed, 

chemical fertilizer, antipest, labor and land. The results indicated that productivity for 

these products has generally risen in this period. Technical efficiencies were in high 

levels but allocative and economic efficiencies were in lower levels.  

Kaliji et al. (2013) conducted a study to gauge total factor productivity (TFP) of 

wheat production and its components which are technical efficiency and technological 

change in three Northern provinces in Iran. The study based on Malmquist index using 

DEA. The output was the production quantity of wheat, while the inputs were land, seed, 

poison, fertilizer, labor, and machineries. The results showed that during the study period 

(2000-2011) TFP changes in Golestan Province was more effected by technological 

changes, while in Gilan and Mazandran the TFP was more affected by technical 

efficiency. Changes in TFP for the whole country showed large fluctuations. These 

changes were due to changes in technical efficiency and technological change.  

Błażejczyk-Majka and Kala (2015) applied the data envelopment analysis (DEA) 

to estimate Malmquist total factor productivity (TFP) index for the EU members and 
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respect to the period of 2004-2009. The study used the economic data published annually 

by the Farm Accounting Data Network (FADN) system and concerned averaged farms 

specializing in livestock production and the mixed production. In the analysis the study 

distinguished two groups of farms. The first group comprised farms from the regions 

which were parts of the EU before 2004 [called the old regions (Austria, Denmark, 

Belgium, France, Finland, Germany, Greece, Italy, Ireland, Luxembourg, Netherlands, 

Portugal, Spain, Sweden, and United Kingdom)], while the other group included the new 

regions (Cyprus, Czech Republic, Estonia, Hungary, Lithuania, Latvia, Malta, Poland, 

Slovakia, and Slovenia), incorporated in the EU after 2004 to 2009. There are two-

outputs; the first output variable is the sum of values of plant and animal production 

resulting from various agricultural activities, except for income from any type of 

subsidies; the second output variable is the animal production. The inputs are labor, land, 

consumption of fixed assets, and working capital (determined as the difference between 

total value of inputs, total wages and fixed capital costs). The results indicated that varied 

changes in individual components of the total factor productivity (TFP) resulted in 

differences of the Malmquist indexes; the values indicate a decrease by 3% for farms 

from the new regions and by 1% for farms from the old regions.  
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3.3. Summary and Comparison of Studies  
 

Table 3.1 showed the summary of 38 studies that we considered as examples for 

analyze the efficiency. From these studies, 30 studies employed stochastic frontier 

analysis; 7 studies employed data envelopment analysis; and 1 study employed more than 

one methodology: stochastic frontier analysis, data envelopment analysis, and stochastic 

input distance function. Therefore, we can conclude that the majority of these studies 

employed the stochastic frontier analysis (more than 78%). 

 
Table 3.1. Summary of the studies that analyze efficiency.  
 

 
Author 
(Year) 

 
 

Study 
(Country) 

 
 

Approach 
 
 
 

Battese and Coelli 
(1995) 
 

Paddy 
(India) 
 

 
Stochastic frontier analysis (Cobb-
Douglas form) 
 
 

Coelli and Battese 
(1996) 
 
 
 

 
 
Castor, sorghum, 
paddy, cotton, pigeon 
pea, chickpea, wheat 
and vegetables. 
(India) 
 

Stochastic frontier analysis [Cobb-
Douglas form and the specification of 
Battese and Coelli (1995)] 
 
 

Kurkalova and 
Jensen  
(2000) 
 
 
 
 
 

 
 
Grain production 
(Ukraine) 
 
 
 
 
 

Stochastic frontier analysis [Cobb-
Douglas form and the specification of 
Battese and Coelli (1995)] 
 
 
 
 

Source: Own elaboration  
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Table 3.1. Summary of the studies that analyze efficiency (continued).  
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 

Ahmad et al. (2002) 
 
 

Wheat  
(Pakistan) 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 
 
 

Goyal and Suhag  
(2003) 
 
 

Wheat 
(India) 
 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 
 

Hien et al.  
(2003) 
 
 

Paddy 
(Vietnam) 
 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 
 

Iráizoz et al.  
(2003) 
 
 

Tomato and 
asparagus  
(Spain) 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 
 

Anupama et al.  
(2005) 
 

Maize 
(India) 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

Croppenstedt  
(2005) 
 

Wheat 
(Egypt)  
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

 
 
Hassan and Ahmad 
(2005) 
 
 

 
 
Wheat 
(Pakistan)  
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 
 
 
 

Abedullah et al.  
(2006) 
 
 
 

Potato 
(Pakistan) 
 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 
 
 

Source: Own elaboration  
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Table 3.1. Summary of the studies that analyze efficiency (continued).  
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 

Covaci and Sojková  
(2006) 
 

Wheat 
(Slovakia) 
 
 

Stochastic frontier analysis [translog form 
and the specification of Battese and Coelli 
(1992) and (1995)] 

Günden et al.  
(2006) 
 

Sunflower 
(Turkey) 
 

Data envelopment analysis 
 
  

Shanmugam and 
Venkataramani  
(2006) 
 

Agricultural 
production 
(India)  
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

Tijani  
(2006) 
 

 Rice 
(Nigeria)  
 
 

Stochastic frontier analysis [translog form 
and the specification of Battese and Coelli 
(1995)] 

Abedullah et al.  
(2007) 
 
 

Rice 
(Pakistan)  
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 

Mohiuddin et al.  
(2007) 
 

Maize 
(Bangladesh)  
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

Dolisca and Jolly 
(2008) 
 
  

Bean and 
potato 
(Haiti)  
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

Hasan 
(2008) 
 
 

Maize 
(Bangladesh) 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1992)] 

Gul et al.  
(2009) 

Cotton 
(Turkey) Data envelopment analysis  

Ojo et al.  
(2009) 
 

Yam 
(Nigeria) 
 
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 

 
Rahman and Umar  
(2009) 
 

Crop 
production 
(Nigeria)  
 

Stochastic frontier analysis [Cobb-Douglas 
form and the specification of Battese and 
Coelli (1995)] 
 

Source: Own elaboration  
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Table 3.1. Summary of the studies that analyze efficiency (continued).  
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 
Aye and 
Mungatana 
(2010)  
 
 
 

Maize 
(Nigeria) 
 
 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli 
(1992)], data envelopment analysis, and stochastic 
input distance function 
 
 

Dağistan  
(2010) Wheat (Turkey) Data envelopment analysis  
Dlamini et al.  
(2010) 
 
 
 

Sugarcane 
(Swaziland)  
 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1995)]  
 

Javed et al.  
(2010) 

Rice-wheat 
system 
(Pakistan)  Data envelopment analysis  

Kachroo et al.  
(2010) 
 

Wheat 
(India) 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1992)] 

Kaur et al.  
(2010) 
 
 

Wheat 
(India) 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1992)] 

Khan et al.  
(2010) 
 

Rice  
(Bangladesh) 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1995)] 

Nyagaka et al.  
(2010) 
 
 

Potato 
(Kenya) 
 
 

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1992)] 

Eyitayo et al. 
(2011)  

Cocoa 
(Nigeria) Data envelopment analysis 

Javed et al.  
(2011) 
 

Cotton-wheat 
system 
(Pakistan) 

Data envelopment analysis  
 

Khai and Yabe  
(2011) 
 Rice (Vietnam)  

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1992)] 

Oyewo 
(2011) Maize (Nigeria)  

Stochastic frontier analysis [Cobb-Douglas form 
and the specification of Battese and Coelli (1995)] 

Source: Own elaboration  
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Table 3.1. Summary of the studies that analyze efficiency (continued).  
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 
Ali and Yousif  
(2012) 
 
 

Wheat and faba bean 
(Sudan) 
 
 

Stochastic frontier analysis  [translog 
form and the specification of Battese 
and Coelli (1995)] 

Reddy  
(2012) 
 
 

Gross Value of 
Agricultural Production 
(India) 
 

Stochastic frontier analysis [Cobb-
Douglas form and the specification of 
Battese and Coelli (1995)] 

Sohail et al. 
(2012) 

Wheat (Pakistan) 
 Data envelopment analysis 

Neupane and Moss 
(2015) 
 
 

Wheat yields [US 
(Kansas, Nebraska, 
Oklahoma, and Texas)] 
 

Stochastic frontier model  
 
 
 

Source: Own elaboration  

Table 3.2 showed the summary of 17 studies, which we considered as examples 

for the studies that analyze jointly efficiency and productivity. From these studies, 8 

studies employed stochastic frontier analysis; 7 studies employed data envelopment 

analysis; and 2 studies employed stochastic frontier analysis and data envelopment 

analysis.  

Table 3.2. Summary of the studies that analyze jointly efficiency and productivity. 
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 
Karagiannis and 
Tzouvelekas 
(2005) 
 

Sheep (Greece)  
 
 
 

Stochastic frontier  analysis [translog 
form and the specification of Battese 
and Coelli (1995)] 

Rae et al. 
(2006) 
 

Livestock sectors  
(China)  
 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1995)] 

Lambarraa et al. 
(2007) 
 
 

Olive 
(Spain) 
 
 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1995)] 

Bushara and Barakat 
(2010) Cotton (Sudan)  Data envelopment analysis  
Bushara and Dongos (2010) Wheat (Sudan) Data envelopment analysis  
Source: Own elaboration  
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Table 3.2. Summary of the studies that analyze jointly efficiency and productivity 
(continued).  

Author 
(Year) 

Study 
(Country) 

 
Approach 

 

Headey et al. 
(2010) 
 
 
 
 
 
 
 
 

Crops and livestock 
88 countries [(Organization for 
Economic Co-operation and 
Development (OECD) Countries,  
Middle East and North Africa 
(MENA) regions, East Asian 
regions, Latin America, 
Caribbean, Sub-Saharan Africa, 
and South Asia)] 
 
 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1992)] and data 
envelopment analysis 
 
 
 
 
 
 

Jin et al. 
(2010) 
 

 Hogs, egg, beef cattle, dairy, 
crops, cotton, and horticultures 
(China) 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1995)] 
 

Carroll et al. 
(2011) 
 
 

Wheat, barley, oats, oilseed rape, 
peas and beans, potatoes and 
sugar beet 
(Ireland) 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1992)] 
 

Korkmaz 
(2011) 
 

Forest enterprises 
(Turkey) Data envelopment analysis  

Lambarraa et 
al. 
(2011) 
 

Orange (Spain) 
 
 
 

Stochastic frontier analysis [Cobb-
Douglas form and the specification of 
Battese and Coelli (1992)] 

Si and Wang 
(2011) 
 
 

Soybean (China) 
 
 
 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1995)] 
 

Chaudhary 
(2012) Agricultural production (India) 

Data envelopment analysis  
 

Hossain et al. 
(2012) 
 
 
 

Rice (Bangladesh) 
 
 
 
 

Stochastic frontier analysis [translog 
form and the specification of Battese 
and Coelli (1992)] and data 
envelopment analysis 

Yoo et al. 
(2012) 
 
 

Sources of South Korean 
agricultural TFP 
(South Korea) 
 

Stochastic frontier analysis [Cobb-
Douglas form and the specification of 
Battese and Coelli (1992)] 

Source: Own elaboration  
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Table 3.2. Summary of the studies that analyze jointly efficiency and productivity 
(continued).  

 
Author 
(Year) 

 

Study 
(Country) 

 
Approach 

 
Hajian et al. 
(2013) 
 

Wheat, barley, rice, 
cotton and sugar beet 
(Iran) 

Data envelopment analysis  
 
 

Kaliji et al. 
(2013) 

Wheat  
(Iran) Data envelopment analysis 

Błażejczyk-Majka and Kala 
(2015) 
 
 
 
 

Farms specializing in 
livestock production 
and mixed production 
(EU)  
 
 
 
 

Data envelopment analysis 
 
 
 
 
 
 
 

 Source: Own elaboration  
 

As a summary, we can say that the previous empirical studies in the field of 

agricultural production, which analyze jointly the efficiency and productivity using two 

alternatives approaches: Stochastic Frontier Analysis (SFA), which is parametric; and 

Data Envelopment Analysis (DEA), which is nonparmetric. Habitually, the two 

alternative approaches have different strengths and weaknesses (Hossain et al., 2012). 

The main advantages of DEA are its computational simplicity and DEA-based estimate 

not require any information more than output and input quantities. However DEA is 

sensitive to measurement errors or other noise in the data because DEA is deterministic 

and attributes all deviations from the frontier to inefficiencies. The main advantages of 

SFA are that it considers stochastic noise in data and also allows for the statistical testing 

of hypothesis concerning production structure and degree of inefficiency. The main 

weaknesses are that it requires an explicit imposition of a particular parametric functional 
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form representing the underlying technology and also an explicit distributional 

assumption for the inefficiency terms. 

Many studies on productivity in the field of agricultural production have used 

DEA approach, which was developed first and is popular for several reasons (Headey et 

al., 2010):            

 DEA is a nonparametric technique that does not require a prior specific functional 

form for the production frontier. 

 DEA is capable of handling multiple outputs and multiple inputs and does not 

require them to be aggregated. 

 Because DEA is based on linear programming techniques, it is possible to identify 

the best practice for every firm. 

 DEA provides information about the peers that can offer insights into how 

efficiency of the firm concerned can be improved. 

 DEA provides a simple framework to measure efficiency change and technical 

change for each firm in the sample along with measures of TFP growth.  

However, from the studies that we indicated before we can observe an increasing 

in the use of SFA approach. The reason of the increasing use of SFA is that most of the 

initial disadvantages of SFA have been overcome (Headey et al., 2010). One potential 

stumbling block of SFA is that it requires prior specification of the functional form for 

the production function. However, this is no longer a major issue as a number of flexible 

forms, such as the translog, have been found to provide suitable second-order 

approximations. Another potentially restrictive feature is that SFA can only handle 

single-output and multiple-input production processes, but this is no longer a critical 
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constraint because of techniques that designed to directly estimate the input and output 

distance functions. These distance functions by definition are very general and provide a 

stochastic alternative to their computation using DEA (Coelli and Perelman, 2000; 

O’Donnell and Coelli, 2005). Moreover, these distance functions can be estimated using 

standard software like FRONTIER program (Coelli et al., 2005), so computational 

complexity is no longer an issue. 

In addition that SFA approach has overcome some of the initial disadvantage, 

from the empirical point of view it is highlighted that the most important potential 

advantage of SFA is that it can separate noise in the data from genuine variations in 

efficiency, whereas DEA attributes all measurement errors or omitted variable effects to 

inefficiency. This can lead to DEA results are difficult to interpret. For example, it is not 

uncommon to observe technological regress in DEA-based TFP measures, which can 

easily be an artifact of improved measurement over time as erroneously extreme 

observations along the frontier move inward (Nin et al., 2003). For similar reasons DEA 

tends to produce more volatile TFP measurements because none of the variance is treated 

as error. Furthermore, with SFA the variability in production data is captured in standard 

errors around the estimated efficiency scores, allowing saying something about 

confidence intervals (Headey et al., 2010). 
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Chapter 4 

Data, models and results 

4.1. Data 

Egypt is divided for administrative purposes into 27 governorates. Figure 4.1 

shows the main governorates of wheat production in Egypt (Sharkia, Dakahlia, Behairah, 

Menia, Fayoum, Assuit, Suhag, Gharbia, Beni Suef, Menoufia, and Kafr Elshikh). 

Figure 4.1. Governorates of Egypt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sources: United Nations (2012) and own elaboration  
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Table 4.1 shows the main governorates of wheat production in Egypt. During the 

time period 1990-2012 there was an increasing in the wheat production, area, and yield at 

the main governorates.  

Table 4.1. Main governorates of wheat production in Egypt (1990-2012).  
Wheat 

Production 
(Thousand Ton) 

Wheat Area 
(Thousand 
Hectare) 

Wheat Yield  
(Ton/Hectare) 

 

Governorate 
 

1990 2012 1990 2012 1990 2012 
Sharkia 
 

487.31 
 

1144.62 
(3.96) 

90.97 
 

178.52 
(3.11) 

5.36 
 

6.41 
(0.82) 

Dakahlia 
 

519.00 
 

879.14 
(2.42) 

87.74 
 

127.38 
(1.71) 

5.92 
 

6.90 
(0.70) 

Behairah 
 

385.80 
 

930.94  
(4.09) 

75.60 
 

135.04 
(2.67) 

5.10 
 

6.89 
(1.38) 

Menia 328.70 
 

618.68 
(2.92) 

56.49 
 

91.84 
(2.23) 

5.82 
 

6.74 
(0.67) 

Fayoum 
 

228.70 
 

491.25 
(3.54) 

41.33 
 

73.43 
(2.65) 

5.53 
 

6.69 
(0.87) 

Assuit 
 

291.80 
 

537.84 
(2.82) 

51.07 
 

80.18 
(2.07) 

5.71 
 

6.71 
(0.73) 

Suhag 
 

294.70 
 

496.56 
(2.40) 

59.81 
 

73.52 
(0.94) 

4.93 
 

6.75 
(1.44) 

Gharbia 
 

266.30 
 

436.94 
(2.28) 

45.74 
 

63.43 
(1.50) 

5.82 
 

6.89 
(0.77) 

Beni Suef 
 

220.00 
 

360.26 
(2.27) 

36.20 
 

52.97 
(1.75) 

6.08 
 

6.80 
(0.51) 

Menoufia 
 

211.40 
 

406.06 
(3.01) 

35.41 
 

53.17 
(1.87) 

5.97 
 

7.64 
(1.13) 

Kafr Elshikh 
 

367.00 
 

639.85 
(2.56) 

63.00 
 

99.24 
(2.09) 

5.83 
 

6.45 
(0.46) 

Total  3600.71 
 

6942.14 
(3.03) 

643.36 
 

1028.71 
(2.16) 

62.06 
 

74.87 
(0.86) 

Sources: MALR in Egypt and own elaboration 
Note: Figures in parentheses are annual average percentage growth rates (1990-2012) 

The annual average percentage growth rates for the time period 1990-2012 

indicate increasing in wheat production, area, and yield of the main governorates. During 

the time period 1990-2012, Behairah governorate had the highest annual average 

percentage growth rate of wheat production (4.09%), Sharkia governorate had the highest 

annual average percentage growth rate of wheat area (3.11%), and Suhag governorate had 

the highest annual average percentage growth rate of wheat yield (1.44%).  
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Table 4.2 shows the wheat production, area, and yield of the main governorates in 

Egypt. The wheat production increased from 327.34 thousand ton in 1990 to 631.10 

thousand ton in 2012.  

Table 4.2. Wheat production, area, and yield of the main governorates in Egypt 
(1990-2012). 

Year 
Wheat Production 
(Thousand Ton) 

Wheat Area 
(Thousand Hectare) 

Wheat Yield 
(Ton/Hectare) 

1990 327.34 58.49 5.60 
1991 333.90 63.45 5.26 
1992 338.86 58.96 5.75 
1993 356.67 58.83 6.06 
1994 328.05 57.70 5.69 
1995 400.22 67.42 5.94 
1996 416.37 66.25 6.28 
1997 419.33 70.04 5.99 
1998 434.30 67.38 6.45 
1999 454.32 67.45 6.74 
2000 486.66 73.19 6.65 
2001 457.63 68.57 6.67 
2002 468.13 71.18 6.58 
2003 506.70 74.04 6.84 
2004 522.99 76.15 6.87 
2005 586.88 86.68 6.77 
2006 574.69 89.79 6.40 
2007 531.09 79.21 6.71 
2008 577.09 89.51 6.45 
2009 628.52 94.84 6.63 
2010 525.03 89.08 5.89 
2011 606.68 90.83 6.68 
2012 631.10 93.52 6.75 
Rateª 3.03 2.16 0.85 

Sources: MALR in Egypt and own elaboration 
(ª) Annual average percentage growth rate (1990-2012)  

 

The annual average percentage growth rate of wheat production for the time 

period 1990-2012 was 3.03%. The wheat area increased from 58.49 thousand hectare in 

1990 to 93.52 thousand hectare in 2012. The annual average percentage growth rate of 

wheat area for the time period 1990-2012 was 2.16%. The wheat yield increased from 
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5.60 ton/hectare in 1990 to 6.75 ton/hectare in 2012. The annual average percentage 

growth rate of wheat yield for the time period 1990-2012 was 0.85%.  

The data employed for this study are taken from the Ministry of Agriculture and 

Land Reclamation (MALR), Egypt; and Central Agency for Public Mobilization and 

Statistics (CAPMAS), Egypt. The panel data composed of 253 observations for eleven 

governorates represents the main governorates of wheat production in Egypt during the 

time period 1990-2012. The summary statistics for the variables used in the analysis are 

presented in Table 4.3. The production inputs comprise three input variables (land, labor 

and machinery) while there is only one output (wheat production). Wheat production is 

expressed in thousand tons and land in thousand hectares. Labor and machinery have 

been estimated in thousand hours.   

Table 4.3. Summary statistics for the variables. 
Variables Units Maximum Minimum Mean Std. Dev. 
Output ( )ity  Tons (thousands) 1144.62 195.00 474.46 192.47 
Land 1(x )it  Hectares (thousands) 178.52 20.92 74.46 29.22 
Labor 2(x )it  Hours (thousands) 110466.20 13191.72 46973.43 18421.22 
Machinery 3(x )it  Hours (thousands) 12321.23 1045.38 4325.39 1799.44 
Source: Own elaboration from the data (Ministry of Agriculture and Land Reclamation, Egypt) 

 
 

4.2. Models  

In chapter two we explained the methodology and in this chapter we will apply 

this methodology on the wheat production in Egypt. 

4.2.1. Parametric approach to measure the technical efficiency 

The stochastic production frontier approach was introduced by Aigner et al. 

(1977); and Meeusen and Broeck (1977). Following their specification, the stochastic 

production frontier can be written as ( , ; ) e it
it ity f x t  , 
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where ity is the output of the i-th firm (i = 1, 2…,N) in period t = 1,2…,T; itx is a vector 

of inputs quantities of i-th firm in period t; t is the time variable;  is a vector of 

unknown parameters to be estimated; and it is an error term. The stochastic production 

frontier is also called composed error model, because it postulates that the error term it is 

decomposed into two components; stochastic random error component (random shocks) 

and technical inefficiency component as follows:  

it it itv u     

where itv  is a symmetrical two sided normally distributed random error that captures the 

stochastic effects outside the firm’s control, measurement errors, and other statistical 

noise. It is assumed to be independently and identically distributed iid 2(0, )vN  . itu is a 

vector of independently distributed and non-negative random disturbances that are 

associated with output-oriented technical inefficiency. Specifically, itu measures the 

extent to which actual production falls short of maximum attainable output. The Battese 

and Coelli (1992) stochastic frontier production model for panel data where technological 

inefficiencies of firms may vary systematically over time, this model defines inefficiency 

coefficients as an exponential function of time (Coelli et al., 2005). In the model 

specification of Battese and Coelli (1995), technical inefficiency effects are explicitly 

expressed as a function of a vector of firm-specific variables and random error, and are 

integrated in the stochastic frontier model. This one-stage model is recognized as one 

which provides more efficient estimates than those which could be obtained using the 

two-stage estimation procedure. Another reason for estimating all parameters in one stage 

is that, in general, it is hard to distinguish between a variable that belongs to the 
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production function and explanatory variables of the inefficiency model. In the one-stage 

model, explanatory variables directly influence the transformation of inputs and 

efficiency is estimated, controlling the influence of explanatory variables of technological 

inefficiency. This reduces the omitted variable problem in the two-stage estimation.  

The translogarithmic function and the Cobb-Douglas functional form are the two 

most common functional forms which have been used not only in empirical studies on 

frontier production, but in the studies on production behavior in general. The Cobb-

Douglas production function is an adequate representation of our data. The Cobb-

Douglas production function can be defined as: 

3

0
1

ln ln xit j jit t it it
j

y t v u  


                (4.1) 

where ity  is the wheat production of the i-th governorate at the t-th time period; x jit is the 

j-th input of the i-th governorate at t-th time period;  is unknown parameter to be 

estimated; t is the time variable; itv is a vector of random errors that are assumed to be 

independently and identically distributed iid 2(0, )vN  ; and itu  is a one sided ( itu  ≥ 0) 

efficiency component that captures the technical inefficiency of the i-th governorate. The 

two error components ( itv and itu ) are independent of each other.  

As defined by Battese and Coelli (1992), the non-negative inefficiency effect itu is 

an exponential function of time. Considering the condition of the analyzed time period, 

the systemically time-varying inefficiency model can be written into an equation: 

exp[ ( )]it iu u t T            (4.2)  
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where the distribution of iu is taken to be the non-negative truncation of the normal 

distribution 2( , )uN    and   is a parameter that represents the rate of change in technical 

inefficiency. A positive value ( 0)  is associated with the improvement of governorate’ 

technical efficiency over time. 

The inefficiency effect model defined by Battese and Coelli (1995) is specified as 

follows: 

4

0
1

it j jit
j

u Z 


              (4.3)  

where itu  is the technical inefficiency of the i-th governorate at t-th time period;  is a 

vector of parameters to be estimated; and jitZ is a vector of variables which expected to 

influence the level of technical inefficiency of the i-th governorate at t-th time period. In 

this study we have two dummy variables to indicate whether the governorate is located in 

Upper Egypt or in Lower Egypt; 1Z equal to 1 if the governorate lies in Upper Egypt and 

zero otherwise, 2Z  equal to 1 if the governorate lies in Lower Egypt and zero otherwise. 

Additionally, we incorporate the time variable 3( )Z  to verify if the technical inefficiency 

increase or decrease in the analyzed period. We also have one dummy variable  4( )Z  to 

represent the gender; 4Z  equal to 1 if the percentage of males more than the percentage 

of females at i-th governorate at t-th time period and zero otherwise. Thus, this model 

accounts for technical change, through the time variable t, and for changes of the 

technical efficiency over time, by means of the variable 3( )Z  (Battese and Coelli, 1995). 

The Maximum Likelihood estimates for the parameters of the stochastic frontier 

model, defined by equations (4.1), (4.2) and (4.3) can be obtained by using the 



                         Chapter 4. Data, models and results. 
 

 101 

FRONTIER 4.1 program, in which the variance parameters are expressed in terms of 

(Coelli, 1996): 

2
2 2 2

2; 0 1u
s u v

s

and
    


      . 

The technical efficiency level of the i-th governorate at the t-th time period ( )itTE is 

defined as the ratio of the actual output to the maximum potential output as follows: 

exp( )it itTE u  . 

 
4.2.2. Nonparametric approach to measure the total factor productivity 
 

The nonparametric approach uses a linear programming method, in this method 

Malmquist index is defined using distance function. The Malmquist TFP index was 

introduced as a theoretical index by Caves et al. (1982) and popularized as an empirical 

index by Färe et al. (1994). They defined the TFP index using Malmquist input and 

output distance functions, and thus the resulting index came to be known as the 

Malmquist TFP index (Chaudhary, 2012). The period t Malmquist productivity index is 

given by equation (4.4): 

1 1( , )
( , )

t t t
t o

t t t
o

D x yM
D x y

 

          (4.4) 

i.e., they define the productivity index as the ratio of two output distance functions (D) 

taking technology at time t as the reference technology. Instead of using period t’s 

technology as the reference technology it is possible to construct output distance 

functions based on period (t+1)’s technology and thus another Malmquist productivity 

index can be laid down as equation (4.5): 
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1 1 1
1

1

( , )
( , )

t t t
t o

t t t
o

D x yM
D x y

  



         (4.5) 

Färe et al (1994) specify Malmquist productivity change index as the geometric 

mean of two-period indices that is (4.6): 

1/2
1 1 1 1 1

1 1
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( , ) ( , )

t t t t t t
t t t t o o

o t t t t t t
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D x y D x yM x y x y
D x y D x y

    
 



   
          

    (4.6) 

The equation (4.6) can be written as the product of two distinct components, 

technical change and efficiency change (Färe et al. 1994), as it is shown in equation (4.7): 

1/2
1 1 1 1 1

1 1
1 1 1 1
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D x y D x y D x y

    
 

   

   
          

 (4.7) 

where,  

1 1 1( , )
( , )

t t t
o

t t t
o

D x yEfficiency change
D x y

  

  

1/2
1 1

1 1 1 1

( , ) ( , )
( , ) ( , )

t t t t t t
o o
t t t t t t
o o

D x y D x yTechnical change
D x y D x y

 

   

   
          

 

Hence the Malmquist productivity index is simply the product of the change in 

relative efficiency that occurred between periods t and t+1, and the change in technology 

that occurred between periods t and t+1. A value of Malmquist TFP index equal to one 

implies there has been no change in total factor productivity across the two time periods, 

greater than one implies a growth in TFP and a value less than one is interpreted as 

deterioration in TFP. A similar interpretation applies to the two components as well. 

The value of efficiency change measures the overall change in relative efficiency, 

and is a measure of the distance between observed production and the maximum possible 
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production level between the two time periods t and t+1. The component of technical 

change, calculated as the geometric mean of two ratios, measures the shift in production 

technology. This ratio represents the relative change in the input technologies over the 

time period t and t+1 (i.e. change in tx and 1tx  ).  

Färe et al. (1994) decomposed the efficiency change into pure efficiency change 

and scale efficiency change (this can only be done when the distance functions are 

estimated relative to a CRS technology). 

1 1 1( , )
( , )

t t t
ov

t t t
ov

D x yPure efficiency change
D x y

  

  

1/2
1 1 1 1 1 1 1 1 1 1

1 1

( , ) / ( , ) ( , ) / ( , )
( , ) / ( , ) ( , ) / ( , )

t t t t t t t t t t t t
ov oc ov oc

t t t t t t t t t t t t
ov oc ov oc

D x y D x y D x y D x yScale efficiency change
D x y D x y D x y D x y

         

 

 
  
  

 

The scale efficiency change is actually the geometric mean of two scale efficiency 

change measures. The first is relative to the period t+1 technology and the second is 

relative to the period t technology. The extra subscripts, v and c, relate to the VRS and 

CRS technologies, respectively.   

4.3. Results   

4.3.1. Results of the parametric approach 

4.3.1.1. Maximum Likelihood estimates  

The Maximum Likelihood estimates of Battese and Coelli (1992) and (1995) 

specifications for the main governorates of wheat production in Egypt are presented in 

Table 4.4. The coefficients of the Cobb-Douglas production function can be directly 

illustrated as production elasticities of inputs in the production process. Both estimates  

are preferred to the OLS model, since the likelihood ratio test [LR test (ᵞ=ᵟ0=ᵟ1=ᵟ2=ᵟ3=ᵟ4=0, 

Table 4.4)] reject the null in favor of the stochastic frontier models, which indicates the 
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relevance of technical inefficiency in explaining output variability among the main 

governorates of wheat production. 

Table 4.4. Maximum Likelihood estimates of the Cobb-Douglas stochastic frontier 
production function.  

Variables  
Battese and Coelli 

(1992) specification 
Battese and Coelli 

(1995) specification 
  Coefficients Standard error  Coefficients Standard error  
Frontier Production Function       
Constant  0.5802 (0.9777) 0.8612 (0.9799)  
Land ( 1x it )  0.5798 (0.2838)* 0.7362 (0.1561)***  
Labor ( 2x it )  0.3379 (0.1540)** 0.2143 (0.1547)  
Machinery ( 3x it )  -0.0611 (0.1297) -0.0185 (0.0402)  
time (t)  0.0071 (0.0128) 0.0032 (0.0014)**  
Inefficiency Effects       
Constant    -0.0796 (0.5779)  
Dummy variable of Upper Egypt ( 1itZ )    0.0089 (0.5777)  
Dummy variable of Lower Egypt (

2itZ )    -0.0885 (0.5775)  
time variable ( 3itZ )    -0.0195 (0.0041)***  
Dummy variable of gender ( 4itZ )    0.0534 (0.0372)  
Sigma-squared  0.0068 (0.0087) 0.0080 (0.0010)***  
Gamma  0.0940 (0.7604) 0.2707 (0.1332)*  
Mu  0.0064 (0.6163)    
Eta  0.0737 (0.2720)    
Log likelihood function 264.3412  268.5402   
LR test (ᵞ=ᵟ0=ᵟ1=ᵟ2=ᵟ3=ᵟ4=0) 19.8840***  28.2820***   
LR test (ᵟ1=ᵟ2=ᵟ3=ᵟ4=0)   11.6984**   
Total number of observations 253  253   
Source: Own elaboration 
***, ** and * indicates significance at 1, 5 and 10% level, respectively  
All the variables are in log form except dummies and time 

 

The Maximum Likelihood estimates of Battese and Coelli (1992) specification for 

the main governorates of wheat production in Egypt shows that the coefficient of land is 

positive and significant according to the prior expectations. The coefficient of labor is 

positive and significant. The coefficient of machinery is negative and insignificant. This 
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may be due to that the average farm size in Egypt is about 0.6 hectare (FAO, 2006). In 

the small farm size, machinery cannot work efficiently and this requires the 

implementation of land consolidation system (Hõna, 2005) to increase the efficiency of 

machinery and reduce costs. The technical change coefficient is positive and insignificant.    

The Maximum Likelihood estimates of Battese and Coelli (1995) specification for 

the main governorates of wheat production in Egypt shows that the coefficients of land is 

significant and hence, playing a major role in the wheat production. The coefficient of 

land is positive and highly significant according to the prior expectations. The coefficient 

of labor is positive and insignificant. This may be due to the lack of training for labors. 

The coefficient of machinery is negative and insignificant. The technical change 

coefficient is positive and significant. This result indicates a small technical progress over 

time. The evidence in other empirical works is not conclusive, for example Coelli and 

Battese (1996), in their study of three semi-arid villages in India, report the three possible 

cases, that is, technical progress, technical regress and no technical change.  

Taking into account the logarithmic value of the likelihood function of the two 

specifications, the higher logarithmic value of the likelihood function of Battese and 

Coelli (1995) specification indicates a better specification of this model. The gamma 

coefficient for the Battese and Coelli (1995) specification (0.2707) points out that both 

statistical noise and inefficiency are important. The proportion of total variance that is 

due to inefficiency is estimated to be σu
2/( σu

2+ σu
2)=11.88%.  

In order to investigate the determinants of technical inefficiency we estimated the 

technical inefficiency model defined by equation 4.3, where technical inefficiency is 

assumed to be dependent variable. The dummy variables coefficients ( 1Z and 2Z ) are 
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insignificant, this indicates that the location of the governorates does not have any impact 

on the wheat production. The negative and statistically significant coefficient of the time 

variable 3( )Z  indicates that the technical inefficiency of wheat production in Egypt 

tended to decrease through the period of study. Therefore wheat production in Egypt 

becomes more efficient over time. The dummy variable coefficient of gender 4( )Z  is 

insignificant, which indicates that there is no impact from the gender on the wheat 

production in Egypt. But the joint effects of these four explanatory variables on the 

inefficiencies of production is significant at 5% level [LR test (ᵟ1=ᵟ2=ᵟ3=ᵟ4=0), Table 4.4] 

although the individual effects of the variables Z are not always significant.  

 

 

4.3.1.2. Technical efficiency of wheat production for the total sample 

Table 4.5 shows the annual levels of technical efficiency of the total sample. The 

annual levels of technical efficiency are quite similar. The mean of technical efficiency 

for the time period 1990-2012, vary from a minimum level of 0.9444 [Battese and Coelli 

(1992)] to a maximum level of 0.9630 [Battese and Coelli (1995)], and the mean of the 

two specifications is 0.9537. The annual average percentage growth rates vary from 

0.4150% [Battese and Coelli (1992)] to 0.5583% [Battese and Coelli (1995)], and the 

mean of the annual average percentage growth rate of the two specifications is 0.4867%. 

The two specifications make clear improving in the levels of technical efficiency during 

the time period 1990-2012 (Figure 4.2). 
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Table 4.5. Technical efficiency of wheat production in the main governorates by 
year.   

Year 
 

Battese and Coelli 
(1992) specification 

Battese and Coelli 
(1995) specification 

Mean 
 

1990 0.8922 0.8786 0.8854 
1991 0.8993 0.8763 0.8878 
1992 0.9059 0.9050 0.9055 
1993 0.9122 0.9255 0.9189 
1994 0.9181 0.9224 0.9203 
1995 0.9236 0.9405 0.9321 
1996 0.9287 0.9543 0.9415 
1997 0.9335 0.9596 0.9466 
1998 0.9381 0.9698 0.9540 
1999 0.9421 0.9768 0.9595 
2000 0.9462 0.9789 0.9626 
2001 0.9499 0.9822 0.9661 
2002 0.9533 0.9810 0.9672 
2003 0.9566 0.9866 0.9716 
2004 0.9596 0.9879 0.9738 
2005 0.9624 0.9885 0.9755 
2006 0.9650 0.9884 0.9767 
2007 0.9674 0.9900 0.9787 
2008 0.9697 0.9899 0.9798 
2009 0.9718 0.9916 0.9817 
2010 0.9737 0.9903 0.9820 
2011 0.9756 0.9927 0.9842 
2012 0.9773 0.9931 0.9852 
Mean (1990-2012) 0.9444 0.9630 0.9537 
Rateª 0.4150 0.5583 0.4867 
Source: Own elaboration 
(ª) Annual average percentage growth rate (1990-2012) 

 

Figure 4.2 shows an increasing in the technical efficiency of wheat production in 

the main governorates till the year 2000, after this year the technical efficiency reach its 

highest level due to the technical progress. 
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Figure 4.2. Technical efficiency of wheat production in the main governorates by 
year.   
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Source: Own elaboration 

4.3.1.3. Technical efficiency of wheat production for the main governorates 

Table 4.6 presents the mean of technical efficiency for the main governorates 

during the time period 1990-2012. Fayoum governorate has the minimum mean level of 

technical efficiency (0.9161) for the specifications of Battese and Coelli (1992) and 

(1995), while Dakahlia governorate has the maximum mean level of technical efficiency 

(0.9869) for the two specifications (Figure 4.3).   

Table 4.6. Technical efficiency of wheat production in the main governoratesª.  
Governorate 
 
 

Battese and Coelli 
(1992) specification 

 

Battese and Coelli 
(1995) specification 

 

Mean 
 
 

Sharkia 0.9705 0.9711 0.9708 
Dakahlia 0.9908 0.9829 0.9869 
Behairah 0.9725 0.9720 0.9722 
Menia 0.9804 0.9528 0.9666 
Fayoum 0.8924 0.9398 0.9161 
Assuit 0.9296 0.9457 0.9377 
Suhag 0.9089 0.9413 0.9251 
Gharbia 0.9243 0.9801 0.9522 
Beni Suef 0.9328 0.9621 0.9475 
Menoufia 0.9199 0.9713 0.9456 
Kafr Elshikh 0.9668 0.9744 0.9706 
Source: Own elaboration 
(ª) Mean of the time period (1990-2012) 
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Figure 4.3. The mean of technical efficiency of wheat production in the main 
governorates (1990-2012). 
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Source: Own elaboration 
  
4.3.1.3.1. Sharkia governorate 
 

Table 4.7 shows the annual levels of technical efficiency of Sharkia governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9705 [Battese and Coelli (1992)] to a maximum level of 0.9711 [Battese and 

Coelli (1995)], and the mean of the two specifications is 0.9708. The annual average 

percentage growth rates vary from 0.2187% [Battese and Coelli (1992)] to 0.4819% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.3487%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.4).    

Figure 4.4. Technical efficiency of wheat production in Sharkia governorate. 
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Source: Own elaboration 
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Table 4.7. Technical efficiency of wheat production in Sharkia governorate. 
 
Year 
 
 

Battese and Coelli 
(1992) specification 

 

Battese and Coelli 
(1995) specification 

 

Mean 
 
 

1990 0.9418 0.8941 0.9180 

1991 0.9458 0.8895 0.9176 

1992 0.9495 0.9364 0.9429 

1993 0.9530 0.9482 0.9506 

1994 0.9562 0.9360 0.9461 

1995 0.9593 0.9626 0.9609 

1996 0.9621 0.9709 0.9665 

1997 0.9647 0.9625 0.9636 

1998 0.9672 0.9773 0.9723 

1999 0.9695 0.9831 0.9763 

2000 0.9716 0.9844 0.9780 

2001 0.9736 0.9855 0.9796 

2002 0.9754 0.9873 0.9814 

2003 0.9772 0.9896 0.9834 

2004 0.9788 0.9905 0.9847 

2005 0.9802 0.9910 0.9856 

2006 0.9816 0.9917 0.9866 

2007 0.9829 0.9917 0.9873 

2008 0.9841 0.9916 0.9878 

2009 0.9852 0.9922 0.9887 

2010 0.9863 0.9917 0.9890 

2011 0.9872 0.9931 0.9902 

2012 0.9881 0.9939 0.9910 

Mean  
(1990-2012) 0.9705 0.9711 0.9708 
Rateª 0.2187 0.4819 0.3487 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.2. Dakahlia governorate 
 

Table 4.8 shows the annual levels of technical efficiency of Dakahlia governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9829 [Battese and Coelli (1995)] to a maximum level of 0.9908 [Battese and 

Coelli (1992)] and the mean of the two specifications is 0.9869. The annual average 

percentage growth rates vary from 0.0673% [Battese and Coelli (1992)] to 0.2321% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.1489%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.5).  

 

Figure 4.5. Technical efficiency of wheat production in Dakahlia governorate. 
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Table 4.8. Technical efficiency of wheat production in Dakahlia governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.9817 0.9454 0.9635 

1991 0.9830 0.9444 0.9637 

1992 0.9842 0.9586 0.9714 

1993 0.9853 0.9737 0.9795 

1994 0.9863 0.9696 0.9779 

1995 0.9873 0.9763 0.9818 

1996 0.9882 0.9799 0.9840 

1997 0.9890 0.9781 0.9836 

1998 0.9898 0.9868 0.9883 

1999 0.9905 0.9894 0.9899 

2000 0.9912 0.9904 0.9908 

2001 0.9918 0.9903 0.9910 

2002 0.9924 0.9909 0.9916 

2003 0.9929 0.9915 0.9922 

2004 0.9934 0.9923 0.9929 

2005 0.9939 0.9926 0.9932 

2006 0.9943 0.9929 0.9936 

2007 0.9947 0.9933 0.9940 

2008 0.9951 0.9937 0.9944 

2009 0.9954 0.9940 0.9947 

2010 0.9958 0.9936 0.9947 

2011 0.9961 0.9944 0.9952 

2012 0.9963 0.9949 0.9956 

Mean  
(1990-2012) 0.9908 0.9829 0.9869 
Rateª 0.0673 0.2321 0.1489 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.3. Behairah governorate 
 

Table 4.9 shows the annual levels of technical efficiency of Behairah governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9720 [Battese and Coelli (1995)] to a maximum level of 0.9725 [Battese and 

Coelli (1992)], and the mean of the two specifications is 0.9722. The annual average 

percentage growth rates vary from 0.2038% [Battese and Coelli (1992)] to 0.5540% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.3758%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.6).  

 
Figure 4.6. Technical efficiency of wheat production in Behairah governorate. 
 

0.82
0.84
0.86
0.88
0.9

0.92
0.94
0.96
0.98

1
1.02

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

Year

TE

Battese and Coelli (1992)
specification
Battese and Coelli (1995)
specification

 
Source: Own elaboration 
 

 

 

 

 



                         Chapter 4. Data, models and results. 
 

 114 

Table 4.9. Technical efficiency of wheat production in Behairah governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.9456 0.8804 0.9130 

1991 0.9494 0.9074 0.9284 

1992 0.9529 0.9267 0.9398 

1993 0.9561 0.9402 0.9481 

1994 0.9592 0.9503 0.9547 

1995 0.9620 0.9628 0.9624 

1996 0.9646 0.9809 0.9728 

1997 0.9671 0.9744 0.9707 

1998 0.9694 0.9769 0.9732 

1999 0.9715 0.9832 0.9774 

2000 0.9735 0.9848 0.9791 

2001 0.9754 0.9864 0.9809 

2002 0.9771 0.988 0.9825 

2003 0.9787 0.9886 0.9837 

2004 0.9802 0.9898 0.9850 

2005 0.9816 0.9915 0.9866 

2006 0.9829 0.9847 0.9838 

2007 0.9841 0.9922 0.9881 

2008 0.9852 0.9931 0.9892 

2009 0.9862 0.9931 0.9896 

2010 0.9872 0.9927 0.9899 

2011 0.9881 0.9937 0.9909 

2012 0.9889 0.9942 0.9916 

Mean  
(1990-2012) 0.9725 0.9720 0.9722 
Rateª 0.2038 0.5540 0.3758 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.4. Menia governorate 
 

Table 4.10 shows the annual levels of technical efficiency of Menia governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9528 [Battese and Coelli (1995)] to a maximum level of 0.9804 [Battese and 

Coelli (1992)], and the mean of the two specifications is 0.9666. The annual average 

percentage growth rates vary from 0.1444% [Battese and Coelli (1992)] to 0.7373% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.4307%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.7).  

 
Figure 4.7. Technical efficiency of wheat production in Menia governorate. 
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Table 4.10. Technical efficiency of wheat production in Menia governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.9611 0.8437 0.9024 

1991 0.9638 0.8328 0.8983 

1992 0.9663 0.8684 0.9174 

1993 0.9687 0.8846 0.9266 

1994 0.9709 0.8961 0.9335 

1995 0.9729 0.9253 0.9491 

1996 0.9748 0.9494 0.9621 

1997 0.9765 0.9627 0.9696 

1998 0.9782 0.9679 0.9731 

1999 0.9797 0.9721 0.9759 

2000 0.9811 0.9768 0.9790 

2001 0.9825 0.9798 0.9812 

2002 0.9837 0.9825 0.9831 

2003 0.9848 0.9825 0.9837 

2004 0.9859 0.9856 0.9858 

2005 0.9869 0.9867 0.9868 

2006 0.9878 0.9868 0.9873 

2007 0.9887 0.9888 0.9888 

2008 0.9895 0.9786 0.9841 

2009 0.9902 0.9903 0.9903 

2010 0.9909 0.9892 0.9900 

2011 0.9915 0.9922 0.9919 

2012 0.9921 0.9917 0.9919 

Mean  
(1990-2012) 0.9804 0.9528 0.9666 
Rateª 0.1444 0.7373 0.4307 

Source: Own elaboration 
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.5. Fayoum governorate 
 

Table 4.11 shows the annual levels of technical efficiency of Fayoum governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.8924 [Battese and Coelli (1992)] to a maximum level of 0.9398 [Battese and 

Coelli (1995)], and the mean of the two specifications is 0.9161. The annual average 

percentage growth rates vary from 0.8166% [Battese and Coelli (1995)] to 0.8438% 

[Battese and Coelli (1992)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.8299%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.8).  

 
 
Figure 4.8. Technical efficiency of wheat production in Fayoum governorate. 
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Table 4.11. Technical efficiency of wheat production in Fayoum governorate. 
 
Year 
 
 

Battese and Coelli  
(1992) specification 

 

Battese and Coelli 
(1995) specification 

 

Mean 
 
 

1990 0.7941 0.8290 0.8116 

1991 0.8072 0.8242 0.8157 

1992 0.8196 0.8504 0.835 

1993 0.8312 0.8643 0.8478 

1994 0.8422 0.8762 0.8592 

1995 0.8525 0.8988 0.8756 

1996 0.8622 0.9221 0.8922 

1997 0.8713 0.9321 0.9017 

1998 0.8799 0.9424 0.9111 

1999 0.8879 0.9525 0.9202 

2000 0.8954 0.9628 0.9291 

2001 0.9025 0.9681 0.9353 

2002 0.9091 0.9383 0.9237 

2003 0.9152 0.9811 0.9481 

2004 0.9210 0.9828 0.9519 

2005 0.9264 0.9819 0.9541 

2006 0.9314 0.9825 0.9570 

2007 0.9361 0.9841 0.9601 

2008 0.9405 0.9857 0.9631 

2009 0.9446 0.9879 0.9663 

2010 0.9485 0.9867 0.9676 

2011 0.9520 0.9906 0.9713 

2012 0.9554 0.9914 0.9734 

Mean  
(1990-2012) 0.8924 0.9398 0.9161 
Rateª 0.8438 0.8166 0.8299 

Source: Own elaboration 
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.6. Assuit governorate 
 
 

Table 4.12 shows the annual levels of technical efficiency of Assuit governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9296 [Battese and Coelli (1992)] to a maximum level of 0.9457 [Battese and 

Coelli (1995)], and the mean of the two specifications is 0.9377. The annual average 

percentage growth rates vary from 0.5373% [Battese and Coelli (1992)] to 0.7618% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.6493%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.9).  

 
Figure 4.9. Technical efficiency of wheat production in Assuit governorate. 
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Table 4.12. Technical efficiency of wheat production in Assuit governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.8633 0.8390 0.8511 

1991 0.8723 0.8201 0.8462 

1992 0.8808 0.8569 0.8688 

1993 0.8887 0.8841 0.8864 

1994 0.8962 0.8772 0.8867 

1995 0.9032 0.9028 0.9030 

1996 0.9097 0.9173 0.9135 

1997 0.9158 0.9431 0.9295 

1998 0.9216 0.9483 0.9349 

1999 0.9269 0.9692 0.9481 

2000 0.9319 0.9656 0.9488 

2001 0.9366 0.9754 0.956 

2002 0.9410 0.9786 0.9598 

2003 0.9450 0.9822 0.9636 

2004 0.9488 0.9844 0.9666 

2005 0.9524 0.9859 0.9692 

2006 0.9557 0.9861 0.9709 

2007 0.9588 0.9868 0.9728 

2008 0.9616 0.9882 0.9749 

2009 0.9643 0.9898 0.9770 

2010 0.9668 0.9867 0.9768 

2011 0.9691 0.9911 0.9801 

2012 0.9713 0.9915 0.9814 

Mean  
(1990-2012) 0.9296 0.9457 0.9377 
Rateª 0.5373 0.7618 0.6493 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.7. Suhag governorate 
 

Table 4.13 shows the annual levels of technical efficiency of Suhag governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9089 [Battese and Coelli (1992)] to a maximum level of 0.9413 [Battese and 

Coelli (1995)], and the mean of the two specifications is 0.9251. The annual average 

percentage growth rates vary from 0.7065% [Battese and Coelli (1992)] to 0.9327% 

[Battese and Coelli (1995)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.8198%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.10).  

 
 
 
Figure 4.10. Technical efficiency of wheat production in Suhag governorate. 
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Table 4.13. Technical efficiency of wheat production in Suhag governorate. 
 
Year 
 

Battese and Coelli 
(1992) specification 

Battese and Coelli 
(1995) specification 

Mean 
 

1990 0.8244 0.8083 0.8163 

1991 0.8357 0.7965 0.8161 

1992 0.8464 0.8412 0.8438 

1993 0.8565 0.8534 0.8549 

1994 0.8659 0.8684 0.8672 

1995 0.8748 0.9099 0.8923 

1996 0.8832 0.9246 0.9039 

1997 0.8910 0.9390 0.9150 

1998 0.8983 0.9555 0.9269 

1999 0.9052 0.9671 0.9361 

2000 0.9116 0.9669 0.9393 

2001 0.9176 0.9784 0.9480 

2002 0.9232 0.9786 0.9509 

2003 0.9285 0.9809 0.9547 

2004 0.9334 0.9823 0.9578 

2005 0.9379 0.9836 0.9608 

2006 0.9422 0.9845 0.9634 

2007 0.9462 0.9867 0.9665 

2008 0.9499 0.9880 0.9690 

2009 0.9534 0.9892 0.9713 

2010 0.9566 0.9848 0.9707 

2011 0.9596 0.9907 0.9752 

2012 0.9624 0.9915 0.9770 

Mean  
(1990-2012) 0.9089 0.9413 0.9251 
Rateª 0.7065 0.9327 0.8198 

Source: Own elaboration 
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.8. Gharbia governorate 
 

Table 4.14 shows the annual levels of technical efficiency of Gharbia governorate. 

The mean of technical efficiency for the time period 1990-2012, vary from a minimum 

level of 0.9243 [Battese and Coelli (1992)] to a maximum level of 0.9801 [Battese and 

Coelli (1995)], and the mean of the two specifications is 0.9522. The annual average 

percentage growth rates vary from 0.2881% [Battese and Coelli (1995)] to 0.5805% 

[Battese and Coelli (1992)], and the mean of the annual average percentage growth rate 

of the two specifications is 0.4299%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012 (Figure 4.11).  

 
Figure 4.11. Technical efficiency of wheat production in Gharbia governorate. 
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Table 4.14. Technical efficiency of wheat production in Gharbia governorate. 

Year 

 

Battese and Coelli  

(1992) specification 

Battese and Coelli  

(1995) specification 

Mean 

 

1990 0.8531 0.9336 0.8934 

1991 0.8628 0.9431 0.9030 

1992 0.8719 0.9516 0.9117 

1993 0.8804 0.9569 0.9186 

1994 0.8884 0.9627 0.9255 

1995 0.8958 0.9696 0.9327 

1996 0.9029 0.9765 0.9397 

1997 0.9094 0.9798 0.9446 

1998 0.9156 0.9856 0.9506 

1999 0.9213 0.9861 0.9537 

2000 0.9267 0.9876 0.9571 

2001 0.9317 0.9885 0.9601 

2002 0.9364 0.9896 0.9630 

2003 0.9408 0.9908 0.9658 

2004 0.9448 0.9915 0.9682 

2005 0.9487 0.9921 0.9704 

2006 0.9522 0.9927 0.9724 

2007 0.9555 0.9930 0.9743 

2008 0.9586 0.9939 0.9763 

2009 0.9615 0.9938 0.9776 

2010 0.9642 0.9935 0.9789 

2011 0.9667 0.9942 0.9804 

2012 0.9690 0.9946 0.9818 

Mean  
(1990-2012) 0.9243 0.9801 0.9522 
Rateª 0.5805 0.2881 0.4299 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.9. Beni Suef governorate 
 

Table 4.15 shows the annual levels of technical efficiency of Beni Suef 

governorate. The mean of technical efficiency for the time period 1990-2012, vary from a 

minimum level of 0.9328 [Battese and Coelli (1992)] to a maximum level of 0.9621 

[Battese and Coelli (1995)], and the mean of the two specifications is 0.9475. The annual 

average percentage growth rates vary from 0.5117% [Battese and Coelli (1992)] to 

0.5476% [Battese and Coelli (1995)], and the mean of the annual average percentage 

growth rate of the two specifications is 0.5298%. The two specifications make clear 

improving in the levels of technical efficiency during the time period 1990-2012 (Figure 

4.12).  

Figure 4.12. Technical efficiency of wheat production in Beni Suef governorate. 
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The technical efficiency for the specification of Battese and Coelli (1995) in the 

year 1993 is more than 98%, it is possible that there are some other factors or effects that 

have not been considered explicitly in the model and which have a strong positive effect 

on the technical efficiency in this year (e.g. moisture, climate, irrigation, etc). This result 

is compatible with the result of Neupane and Moss (2015) who carried out a study about 

the technical inefficiency and its determinants in the US wheat production, they indicated 

that increase moisture level has positive impact on the mean efficiency of wheat 

production.   
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Table 4.15. Technical efficiency of wheat production in Beni Suef governorate. 

Year 

 

Battese and Coelli  

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.8693 0.8804 0.8748 

1991 0.8780 0.8664 0.8722 

1992 0.8861 0.8926 0.8893 

1993 0.8937 0.9840 0.9389 

1994 0.9009 0.9123 0.9066 

1995 0.9076 0.9156 0.9116 

1996 0.9138 0.9352 0.9245 

1997 0.9197 0.9543 0.9370 

1998 0.9251 0.9713 0.9482 

1999 0.9303 0.9782 0.9542 

2000 0.9350 0.9791 0.9571 

2001 0.9395 0.9798 0.9597 

2002 0.9437 0.9824 0.9630 

2003 0.9476 0.9863 0.9670 

2004 0.9512 0.9876 0.9694 

2005 0.9546 0.9876 0.9711 

2006 0.9577 0.9884 0.9731 

2007 0.9607 0.9901 0.9754 

2008 0.9634 0.9909 0.9771 

2009 0.9660 0.9916 0.9788 

2010 0.9683 0.9895 0.9789 

2011 0.9705 0.9925 0.9815 

2012 0.9726 0.9928 0.9827 

Mean  
(1990-2012) 0.9328 0.9621 0.9475 
Rateª 0.5117 0.5476 0.5298 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.10. Menoufia governorate 
 

Table 4.16 shows the annual levels of technical efficiency of Menoufia 

governorate. The mean of technical efficiency for the time period 1990-2012, vary from a 

minimum level of 0.9199 [Battese and Coelli (1992)] to a maximum level of 0.9713 

[Battese and Coelli (1995)], and the mean of the two specifications is 0.9456. The annual 

average percentage growth rates vary from 0.4377% [Battese and Coelli (1995)] to 

0.616% [Battese and Coelli (1992)], and the mean of the annual average percentage 

growth rate of the two specifications is 0.5247%. The two specifications make clear 

improving in the levels of technical efficiency during the time period 1990-2012 (Figure 

4.13.).  

 
Figure 4.13. Technical efficiency of wheat production in Menoufia governorate. 
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Table 4.16. Technical efficiency of wheat production in Menoufia governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli 

(1995) specification 

Mean 

 

1990 0.8449 0.9033 0.8741 

1991 0.8551 0.8911 0.8731 

1992 0.8646 0.9321 0.8983 

1993 0.8736 0.9446 0.9091 

1994 0.882 0.9418 0.9119 

1995 0.8899 0.9639 0.9269 

1996 0.8973 0.9692 0.9332 

1997 0.9042 0.9613 0.9327 

1998 0.9107 0.9731 0.9419 

1999 0.9167 0.9804 0.9486 

2000 0.9224 0.9849 0.9537 

2001 0.9277 0.9860 0.9568 

2002 0.9327 0.9880 0.9603 

2003 0.9373 0.9904 0.9639 

2004 0.9416 0.9899 0.9658 

2005 0.9456 0.9905 0.9681 

2006 0.9494 0.9912 0.9703 

2007 0.9529 0.9918 0.9723 

2008 0.9562 0.9929 0.9746 

2009 0.9592 0.9932 0.9762 

2010 0.9620 0.9924 0.9772 

2011 0.9647 0.9940 0.9793 

2012 0.9672 0.9944 0.9808 

Mean  
(1990-2012) 0.9199 0.9713 0.9456 
Rateª 0.616 0.4377 0.5247 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.1.3.11. Kafr Elshikh governorate 
 

Table 4.17 shows the annual levels of technical efficiency of Kafr Elshikh 

governorate. The mean of technical efficiency for the time period 1990-2012, vary from a 

minimum level of 0.9668 [Battese and Coelli (1992)] to a maximum level of 0.9744 

[Battese and Coelli (1995)], and the mean of the two specifications is 0.9706. The annual 

average percentage growth rates vary from 0.2471% [Battese and Coelli (1992)] to 

0.4120% [Battese and Coelli (1995)], and the mean of the annual average percentage 

growth rate of the two specifications is 0.3291%. The two specifications make clear 

improving in the levels of technical efficiency during the time period 1990-2012 (Figure 

4.14).  

 
Figure 4.14. Technical efficiency of wheat production in Kafr Elshikh governorate. 
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Table 4.17. Technical efficiency of wheat production in Kafr Elshikh governorate. 

Year 

 

Battese and Coelli 

(1992) specification 

Battese and Coelli  

(1995) specification 

Mean 

 

1990 0.9345 0.9077 0.9211 

1991 0.9390 0.9236 0.9313 

1992 0.9432 0.9398 0.9415 

1993 0.9471 0.9468 0.9469 

1994 0.9507 0.9554 0.9530 

1995 0.9541 0.9582 0.9562 

1996 0.9573 0.9717 0.9645 

1997 0.9603 0.9686 0.9644 

1998 0.9630 0.9822 0.9726 

1999 0.9656 0.9840 0.9748 

2000 0.9680 0.9846 0.9763 

2001 0.9702 0.9858 0.9780 

2002 0.9723 0.9873 0.9798 

2003 0.9742 0.9884 0.9813 

2004 0.9760 0.9896 0.9828 

2005 0.9777 0.9904 0.9840 

2006 0.9793 0.9912 0.9853 

2007 0.9807 0.9919 0.9863 

2008 0.9821 0.9919 0.9870 

2009 0.9833 0.9924 0.9879 

2010 0.9845 0.9923 0.9884 

2011 0.9856 0.9931 0.9894 

2012 0.9866 0.9936 0.9901 

Mean  
(1990-2012) 0.9668 0.9744 0.9706 
Rateª 0.2471 0.4120 0.3291 

Source: Own elaboration  
(ª) Annual average percentage growth rate (1990-2012) 
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4.3.2. Results of the nonparametric approach 

Table 4.18 shows a decomposition of Malmquist Index (TFPCH) for wheat 

production in the main governorates in Egypt during the time period 1990-2012 into two 

components, technical change (TECHCH) and efficiency change (EFFCH). Furthermore, 

efficiency change decomposes into pure efficiency change (PECH) and scale efficiency 

change (SECH). 

Table 4.18. Malmquist Indices by yearª.  

   
Decomposition of 
Efficiency Change  

Period 
 
 
 

Technical Change 
(TECHCH) 

 
 

 
Efficiency 

Change 
(EFFCH) 

Pure Efficiency 
Change 
(PECH) 

 

Scale Efficiency 
Change 
(SECH) 

Total Factor 
Productivity 

Change 
(TFPCH) 

1990-1991 0.613 0.997 0.997 1.000 0.611 
1991-1992 0.733 1.016 1.017 0.999 0.745 
1992-1993 0.821 0.987 0.986 1.001 0.810 
1993-1994 0.839 0.991 0.991 1.000 0.831 
1994-1995 0.832 1.004 1.004 1.000 0.835 
1995-1996 0.879 1.000 1.000 1.000 0.879 
1996-1997 0.892 0.997 0.997 1.000 0.889 
1997-1998 0.898 1.007 1.007 1.000 0.904 
1998-1999 0.920 0.992 0.992 1.000 0.913 
1999-2000 0.914 1.003 1.003 1.000 0.917 
2000-2001 0.942 0.991 0.991 1.000 0.934 
2001-2002 0.925 1.006 1.006 1.000 0.931 
2002-2003 0.930 0.997 0.997 1.000 0.927 
2003-2004 0.942 1.001 1.001 1.000 0.943 
2004-2005 0.928 1.004 1.004 1.000 0.932 
2005-2006 0.947 1.004 1.004 1.000 0.951 
2006-2007 0.969 0.998 0.998 1.000 0.967 
2007-2008 0.933 1.003 1.003 1.000 0.936 
2008-2009 0.942 1.005 1.005 1.000 0.947 
2009-2010 0.999 0.998 0.998 1.000 0.997 
2010-2011 0.943 0.997 0.997 1.000 0.940 
2011-2012 0.947 1.011 1.011 1.000 0.957 
Mean 0.895 1.000 1.000 1.000 0.895 
Source: Own elaboration 
(ª) Geometric mean (1990-2012) 
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Malmquist Indices by year are presented in Table 4.18 and Figure 4.15. The total 

factor productivity change (TFPCH) of wheat production in the main governorates in 

Egypt during the time period 1990-2012 shows an increasing till the period 2000-2001, 

after this period TFPCH shows a variation in its levels between decreasing and increasing. 

This result is due mainly to the behavior of technical change component than the 

efficiency change component.  

 
Figure 4.15. Malmquist Indices by year.  
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Table 4.19 shows a decomposition of Malmquist Index (TFPCH) for the main 

governorates of wheat production in Egypt during the time period 1990-2012 into two 

components, technical change (TECHCH) and efficiency change (EFFCH). Furthermore, 

efficiency change decomposes into pure efficiency change (PECH) and scale efficiency 

change (SECH). 
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Table 4.19. Malmquist Indices by governorateª.  
 

   

Decomposition of 
Efficiency Change 

  

Governorate 

Technical 
Change 

(TECHCH) 

Efficiency 
Change 

(EFFCH) 

Pure 
Efficiency 

Change 
(PECH) 

Scale 
Efficiency 

Change 
(SECH) 

Total 
Factor 

Productivity 
Change 

(TFPCH) 
Sharkia 0.869 1.000 1.000 1.000 0.869 
Dakahlia 0.869 1.000 1.000 1.000 0.869 
Behairah 0.871 1.000 1.000 1.000 0.871 
Menia 0.887 1.000 1.000 1.000 0.887 
Fayoum 0.891 0.999 0.999 1.000 0.890 
Assuit 0.894 1.000 1.000 1.000 0.894 
Suhag 0.887 1.001 1.001 1.000 0.888 
Gharbia 0.897 1.001 1.001 1.000 0.898 
Beni Suef 0.919 1.005 1.005 1.000 0.924 
Menoufia 0.935 1.000 1.000 1.000 0.935 
Kafr Elshikh 0.879 1.000 1.000 1.000 0.879 
Mean  0.891 1.001 1.001 1.000 0.891 
Source: Own elaboration 
(ª) Geometric mean (1990-2012) 

 

Malmquist Indices by governorate are presented in Table 4.19 and Figure 4.16. 

The results indicate that the mean of TFPCH of the main governorates of wheat 

production in Egypt declined by 10.9%. The mean of declining in the component of 

technical change is 10.9%, this decline is generally improves over time. The mean of 

increasing in the component of efficiency change is 0.1%, the source of this increasing is 

mainly due to the component of pure efficiency change than the component of scale 

efficiency change, as the mean of scale efficiency change is equal to one. Therefore, the 

decline in the TFPCH is due more to the technical change than the efficiency change. The 

least declining in TFPCH occurred at Menoufia governorate by 6.5%, while the most 
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declining in TFPCH occurred at two governorates, Sharkia and Dakahlia by 13.1% for 

each of them.  

 

Figure 4.16. Malmquist Indices by governorate. 
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Source: Own elaboration 
 
 
 

4.4. Comparison of the Results with Other Studies 

 The result of the Maximum Likelihood estimates of the Cobb-Douglas stochastic 

frontier production function indicated that wheat production could be increased by 

increasing wheat land.  

This result is compatible with the result of Hassan and Ahmad (2005) who 

estimated the technical efficiency of wheat farmers in the mixed farming system 

of Punjab, Pakistan, and they have the same result. 
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 Technical efficiency of wheat production in the main governorates make clear 

improving in the levels of technical efficiency during the time period 1990-2012 

for the two specifications [Battese and Coelli (1992) and (1995)]. 

This result is compatible with the result of Lambarraa et al. (2011) who carried 

out a study about the Spanish citrus farms. The result indicated that Spanish citrus 

farms improved their technical efficiency during the period of study (1995-2003) 

at a rate of 9.5%.  

 The mean of the technical efficiency of wheat production in the main 

governorates during the time period 1990-2012 for the two specifications [Battese 

and Coelli (1992) and (1995)] is relatively high (more than 94%).  

This result is compatible with the result of Khan et al. (2010) who examined the 

technical efficiency of rice farmers in Bangladesh, the result revealed that the 

mean technical efficiency for Boro rice was 95% and for Aman rice was 91%, 

rice farmers were highly satisfactory.  

 The result of the Malmquist Indices by year during the time period 1990-2012 

indicated that the total factor productivity change (TFPCH) of wheat production 

in the main governorates in Egypt was mainly driven by the efficiency change 

(EFFCH).  

This result is compatible with the result of Karagiannis and Tzouvelekas (2005) 

who carried out a study about the sheep farms in Greece, and the technical 

efficiency change effect is found to be the main source of TFP growth followed 

by technical change and the scale effect.  
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This result is compatible with the result of Lambarraa et al. (2007) who conducted 

a study to assess the relative technical efficiency and to decompose the 

productivity growth of Spanish olive farms. The result indicated that the 

productivity growth was mainly driven by the technical efficiency change and the 

scale component. 

This result is compatible with the result of Kaliji et al. (2013) who conducted a 

study to gauge total factor productivity (TFP) of wheat production and its 

components which are technical efficiency and technological change in three 

Northern provinces in Iran. In the provinces of Gilan and Mazandran the TFP was 

more affected by technical efficiency. 

 The total factor productivity change (TFPCH) of wheat production in the main 

governorates in Egypt during the time period 1990-2012 shows an increasing till 

the period 2000-2001, after this period TFPCH shows a variation in its levels 

between decreasing and increasing. 

This result is compatible with the result of Korkmaz (2011) who carried out a 

study to determine the total factor productivity changes between the years 2006 

and 2010 at the state forest enterprises bound to Isparta regional forest directorate 

located at the Western Mediterranean region in Turkey. The total factor 

productivity changes values, besides the increase seen in the first period with a 

rate of 0.2%, the following periods experienced decrease. 

 The decreasing of the total factor productivity change (TFPCH) of wheat 

production in the main governorates in Egypt is due mainly to the behavior of 

technical change component. 
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This result is compatible with the result of Bushara and Dongos (2010) who 

conducted a study to decompose total factor productivity index of wheat 

production in Sudan into tow components the technological change and the 

efficiency change. The result revealed that the technology change was between 

0.46 and -1.42, which implied that fluctuation in wheat crop yields were attributed 

mainly to poor application of the full technological package. 
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Chapter 5 

 
Summary and final considerations 

 

This chapter offers a brief summary for the work and highlighting the 

contributions and recommendations of the work to the policy maker in Egypt. The 

chapter finishes by indicating the future lines of research. 

 

5.1. Summary 

5.1.1. Production of wheat in the world   

Important considerations on the production of wheat in the world: 

 Wheat was a key factor enabling the emergence of city-based societies at the 

start of civilization because it was one of the first crops that could be easily 

cultivated on a large scale, and had the additional advantage of yielding a 

harvest that provides long-term storage of food.  

 Wheat has been separated into several commercial classes based on color, 

hardness of the kernel, and growing season. Some common types of wheat 

include; hard red spring, hard red winter, soft red winter, soft white spring, and 

soft white winter. 

 Wheat contributes more calories and proteins to the world diet than any other 

cereal crops. It is nutritious, easy to store and transport and can be processed 

into various types of food. Wheat is considered a good source of protein, 

minerals, B-group vitamins and dietary fiber although the environmental 
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conditions can affect nutritional composition of wheat grains with its essential 

coating of bran, vitamins and minerals; it is an excellent health-building food. 

 Most commercially cultivated wheat comes in two basic types that differ in 

genetic complexity, adaptation, and uses; durum wheat (Triticum turgidum) and 

bread wheat (Triticum aestivum). 

 Wheat has two different growth habits; winter-habit wheat is sown in the 

autumn, and the growing plant must experience a period of cold temperatures 

(vernalization) before flowering can be initiated the following spring. In 

contrast, spring-habit wheat does not have to experience vernalizing 

temperatures before flowering. 

 Management practices used by wheat farmers vary greatly between locations 

and are influenced by a wide range of agro-climatic factors, biotic factors, and 

socio-economic factors. 

 Wheat is grown on flat land and on steep hillsides, under irrigated and rainfed 

conditions, in continuous wheat systems and in rotations, as a monocrop or in 

association with other crops.  

 Rainfed wheat production systems are found in Europe, Africa (with the 

exception of Egypt and Sudan), west and central Asia, central and northeastern 

China, Australia, and north and South America. Cropping season rainfall and 

temperature vary greatly across these diverse environments, as do farming 

practices. Irrigated wheat production is found in the Nile Valley, northwestern 

Mexico, and across a wide belt spanning large parts of Iraq, Iran, Afghanistan, 

Pakistan, India, Bangladesh, and China. These areas are characterized by low 

rainfall during the cropping season, and irrigation is essential for agriculture to 

succeed.  
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 The popularity of wheat lies in the wide variety of food products prepared from 

it, which partially explains its expansion even to non-traditional wheat cultivated 

areas.  

 

5.1.2. Production of wheat in Egypt  

Important considerations on the production of wheat in Egypt:  

 Wheat is one of the most important cereals grown successfully in Egypt. There 

are five species of Triticum to be distinguished in Egypt, namely Triticum 

aestivum, Triticum dicoccum, Triticum turgidum, Triticum durum, and Triticum 

pyramidale. Triticum turanicum is also distributed in Egypt. 

 The vast majority of Egyptian wheat farms are small, owner-operated, and 

irrigated. Irrigation is almost universal in Egyptian agriculture, allowing the 

cultivation of summer and winter crops. In the Frontier, irrigation water comes 

from wells. Wheat plays an important role in farmers’ crop rotations; the most 

common winter-summer rotations are wheat-rice, clover-cotton, wheat-maize, 

and clover-maize.  

 Government of Egypt policy is to achieve the highest possible self-sufficiency in 

wheat, basically to avoid international risks in wheat markets.  

 To decrease Egypt’s dependence on imported wheat, to capitalize on the 

domestic production of white maize and to reduce the costs of the subsidy for 

baladi bread and flour, the Ministry of Trade and Supply introduced an initiative 

to mix 80 percent baladi flour with 20 percent white maize flour to make 

subsidized baladi bread and flour. This new bread is sold at the same subsidized 

price and has almost the same taste as the regular baladi bread. The main 

constraint to this extension is the low level of domestic procurement of white 
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maize; most domestic maize is used by rural households for home consumption 

as animal feed. Consequently, the government is counting on increasing maize 

yields, which are currently below potential and appear more promising than 

increasing wheat yields.  

 Egypt has one of the largest per capita consumption levels of wheat in the world, 

and it is one of the world’s largest importers of wheat. Two major factors are 

seriously increasing the rate of change in domestic wheat consumption; the rate 

of population growth and the rate of growth in wheat consumption per capita. 

These two factors are, consequently, affected by numerous other factors such as 

the adopted economic policies, income and its distribution among individuals, 

and the rate of change in prices.  

 The share of wheat used for household consumption is highest for small farmers 

and tends to decrease with farm size. Conversely, the share of wheat sold 

increases with farm size. In small farms, most wheat is used for subsistence and 

therefore, only a small amount of wheat harvested is left to be sold. Therefore, 

wheat sales tend to increase more than proportionately with farm size.  

 There are two main sources of wheat in Egypt, domestic production and imports. 

Domestic wheat is mainly consumed in rural areas. Rural households process the 

wheat into different types of flour in local village mills and use the flour to bake 

their own bread.  

 The government collects the wheat through cooperatives, local branches of 

PBDAC, and public mills. This wheat is transformed by the public mills or 

contracted private mills into baladi (82 percent) flour. Baladi flour and bread are 

sold at subsidized prices to consumers in government licensed warehouses and 

bakeries.  
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 The fino flour is of higher quality than baladi flour and is sold at free market 

prices. It is used to make French breads, higher-quality pita bread, and pastries. 

 

5.1.3. Efficiency and productivity of wheat production in Egypt  

The important results of this study are as follow: 

 The Maximum Likelihood estimates of Battese and Coelli (1992) specification 

for the main governorates of wheat production in Egypt shows that the 

coefficient of land is positive and significant according to the prior expectations. 

The coefficient of labor is positive and significant. The coefficient of machinery 

is negative and insignificant. This may be due to that the average farm size in 

Egypt is about 0.6 hectare. 

 The Maximum Likelihood estimates of Battese and Coelli (1995) specification 

for the main governorates of wheat production in Egypt shows that the 

coefficients of land is significant and hence, playing a major role in the wheat 

production. The coefficient of land is positive and highly significant according 

to the prior expectations. The coefficient of labor is positive and insignificant. 

This may be due to the lack of training for labors. The coefficient of machinery 

is negative and insignificant. The technical change coefficient is positive and 

significant. This result indicates a small technical progress over time. 

 Taking into account the logarithmic value of the likelihood function of the two 

specifications, the higher logarithmic value of the likelihood function of Battese 

and Coelli (1995) specification indicates a better specification of this model. The 

gamma coefficient for the Battese and Coelli (1995) specification (0.2707) 

points out that both statistical noise and inefficiency are important. The 

proportion of total variance that is due to inefficiency is estimated to be 11.88%. 
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 The dummy variables coefficients ( 1Z and 2Z ) in the technical inefficiency 

model are insignificant, this indicates that the location of the governorates does 

not have any impact on the wheat production. The negative and statistically 

significant coefficient of the time variable 3( )Z  indicates that the technical 

inefficiency of wheat production in Egypt tended to decrease through the period 

of study. Therefore wheat production in Egypt becomes more efficient over 

time. The dummy variable coefficient of gender 4( )Z  is insignificant, which 

indicates that there is no impact from the gender on the wheat production in 

Egypt.  

 The annual levels of technical efficiency of wheat production in Egypt for the 

total sample during the time period 1990-2012 are quite similar. The mean of 

technical efficiency vary from a minimum level of 0.9444 [Battese and Coelli 

(1992)] to a maximum level of 0.9630 [Battese and Coelli (1995)], and the mean 

of the two specifications is 0.9537. The annual average percentage growth rates 

vary from 0.4150% [Battese and Coelli (1992)] to 0.5583% [Battese and Coelli 

(1995)], and the mean of the annual average percentage growth rate of the two 

specifications is 0.4867%. The two specifications make clear improving in the 

levels of technical efficiency during the time period 1990-2012.  

 The mean of technical efficiency for the main governorates during the time 

period 1990-2012 shows that Fayoum governorate has the minimum mean level 

of technical efficiency (0.9161) for the specifications of Battese and Coelli 

(1992) and (1995), while Dakahlia governorate has the maximum mean level of 

technical efficiency (0.9869) for the two specifications.  

 Malmquist Index (TFPCH) for wheat production in Egypt during the time period 

1990-2012 decomposed into two components, technical change (TECHCH) and 



                                     Chapter 5. Summary and final considerations.  

 

 145 

efficiency change (EFFCH). Furthermore, efficiency change decomposes into 

pure efficiency change (PECH) and scale efficiency change (SECH). The Total 

Factor Productivity Change (TFPCH) of wheat production in Egypt during the 

time period 1990-2012 shows an increasing till the period 2000-2001, after this 

period TFPCH shows a variation in its levels between decreasing and increasing. 

This result is due mainly to the behavior of technical change component than the 

efficiency change component.  

 The results of Malmquist Indices by governorate indicate that the mean of 

TFPCH of the main governorates of wheat production in Egypt declined by 

10.9%. The mean of declining in the component of technical change is 10.9%, 

this decline is generally improves over time. The mean of increasing in the 

component of efficiency change is 0.1%, the source of this increasing is mainly 

due to the component of pure efficiency change than the component of scale 

efficiency change, as the mean of scale efficiency change is equal to one. 

Therefore, the decline in the TFPCH is due more to the technical change than 

the efficiency change. The least declining in TFPCH occurred at Menoufia 

governorate by 6.5%, while the most declining in TFPCH occurred at two 

governorates, Sharkia and Dakahlia by 13.1% for each of them.   

 

5.2. Contributions of the Study 

 The following are important contributions of the study:   

 In this study we applied the parametric and nonparametric approach for the 

production of wheat in Egypt. We did not find empirical works in this field, 

therefore, from this perspective this is a novel work.  
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 In this work we analyze the efficiency and productivity on the governorates 

level, and this is important because the different governorates can offer disparate 

behaviors in terms of efficiency and productivity and, therefore, the solutions 

should also be different. 

 It is not only important to analyze the evolution of total productivity, but it is 

more important to determine the elements of its evolution. This work analyzes 

the total productivity and its components. 

 From the point of view of establishing an agricultural policy for Egypt, the 

contributions of this study are important because it provides recommendations 

for the improvement of wheat production in Egypt.  

 

5.3. Recommendations 

Based on the results of this study, we extract the following policy implications: 

 Reallocate the agricultural resources in more effective manner especially in the 

low efficient governorates.  

 Achieve the highest efficient in wheat production through encouraging and 

incentive the farmers in different governorates to produce wheat.     

 Government policy should prevent the conversion of farmland into non-

agricultural uses, through the strict implementation of different laws and 

regulations.    

 The government should implement the land consolidation system to increase the 

efficiency and reduce the costs. 

 Increase the importance of new reclaimed agricultural areas for wheat 

production. 
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 Increase the wheat production is attainable by increasing the adoption of high 

yield varieties among farmers. 

 The government should release recommendations to the farmers about the 

chemical fertilizers rates based on the scientific research findings. 

 The government should develop policies that encourage the diversity in food 

consumption for the people so that it may reduce the per capita consumption of 

wheat, this can help to reduce the wheat gap and increase the self-sufficiency in 

wheat. 

 The improvement in physical marketing facilities used for storage and 

transportation would reduce losses in wheat. 

 Increase the training of labors. 

 Improve the technology in wheat production and harvest process. 

 The government should introduce low cost alternatives for wheat to use in the 

animal feed.  

 Governments might be advised to concentrate their spending on the areas that 

create the highest social payoffs and that cannot be effectively provided by the 

private sector.  The areas where the government should play a role include: 

- Agricultural research, extension, rural infrastructure, and a market information 

system this can contribute to increase the productivity and income.  

- Provision of a legal and regulatory framework that facilitates private sector 

investment, including a functioning judicial system, regulations concerning 

market conduct (for example, antitrust law and consumer protection law), a 

system of commodity grading and standards.  
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5.4. Future Lines of Research 

Some aspects of efficiency and productivity of wheat production in Egypt may 

constitute the future lines of research in this field. Among them we can mention the 

following:  

 There is a need for more studies about efficiency and productivity of wheat 

production in Egypt through the use of surveys, with this type of studies it is 

possible to investigate the socio-economic factors (age, education, sex, 

composition of labor, quality of land, property of land, etc) that affect the 

efficiency and productivity of wheat production in the different farms and 

governorates.  

 There are a number of directions in which this study can be extended. An 

extension could be a study on allocative efficiency that would probably give 

more insight to the efficiency studies.  

 Further studies should be carried out to investigate the agro-environmental 

factors that affecting the efficiency and productivity of wheat production in 

Egypt. 
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Capítulo 5 
 

Conclusiones y consideraciones finales 
 

Este capítulo ofrece un breve resumen de la obra y resalta las contribuciones y 

recomendaciones del trabajo a los responsables de las políticas en Egipto. El capítulo 

termina indicando las líneas futuras de investigación. 

5.1. Resumen   

5.1.1. Producción de trigo en el mundo 

Consideraciones importantes de la producción del trigo en el mundo:  

 El trigo fue un factor clave que permitió la aparición de sociedades urbanas en el 

comienzo de la civilización porque fue uno de los primeros cultivos que podían 

ser fácilmente cultivados a gran escala, y tenía la ventaja adicional de que la 

cosecha se podía almacenar y aseguraba la alimentación a largo plazo. 

 Existen diferentes variedades de trigo en función del color, dureza del núcleo y 

estación de crecimiento. Algunos tipos comunes de trigo incluyen: duro 

primavera rojo, duro invierno rojo, suave invierno rojo, suave primavera blanco 

y suave invierno blanco. 

 El trigo aporta más calorías y proteínas a la dieta mundial que otros cereales. Es 

nutritivo, fácil de almacenar y transportar y se puede transformar en varios tipos 

de alimentos. El trigo se considera una buena fuente de fibra dietética, proteína, 

minerales y vitaminas del grupo B, aunque las condiciones ambientales pueden 

afectar la composición nutricional de los granos de trigo con su recubrimiento 
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esencial de salvado, vitaminas y minerales; es un excelente alimento de fomento 

de la salud. 

 La mayor parte de las variedades comerciales vienen de dos tipos básicos que 

difieren en complejidad genética, adaptación y usos: trigo duro (Triticum 

turgidum) y trigo blando (Triticum aestivum). 

 El trigo tiene dos pautas de crecimiento diferentes: de invierno que se siembra 

en el otoño, y la planta debe experimentar un período de frío (vernalización) 

antes de floración que se inicia en la primavera siguiente. En contraste, el trigo 

de primavera no tiene que experimentar temperaturas frías antes de la floración. 

 Las prácticas utilizadas por los agricultores de trigo varían mucho entre lugares 

y están influenciadas por una amplia gama de factores agro climáticos, factores 

bióticos y factores socio-económicos. 

 El trigo se cultiva en terrenos llanos y en laderas escarpadas, en secano y en 

regadío, en sistemas continuos y en rotaciones, en monocultivo o en asociación 

con otros cultivos.  

 Sistemas de producción de secano se encuentran en Europa, África (excepto 

Egipto y Sudán), Asia central y occidental, China central y nororiental, Australia 

y América, norte y sur. La temporada de lluvias y la temperatura varían en estos 

diversos ambientes, así como las prácticas agrícolas. Los sistemas de regadío se 

encuentra en el valle del Nilo, noroeste de México y en una franja ancha que 

abarca gran parte de Irak, Irán, Afganistán, Pakistán, India, Bangladesh y China. 

Estas áreas se caracterizan por la escasez de precipitaciones durante la 

temporada de cultivo y el riego es esencial para la agricultura alcanzar el éxito. 
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 La popularidad del trigo se encuentra en la amplia variedad de productos 

alimenticios preparados a partir de él, que explica parcialmente su expansión a 

áreas no tradicionales de trigo cultivado. 

5.1.2. Producción de trigo en Egipto  

Consideraciones importantes sobre la producción de trigo en Egipto: 

 El trigo es uno de los cereales más importantes cultivados con éxito en Egipto. 

Hay cinco especies de Triticum en Egipto, es decir Triticum aestivum, Triticum 

dicoccum, Triticum turgidum, Triticum durum, y Triticum pyramidale. Triticum 

turanicum también se distribuye en Egipto. 

 La gran mayoría de las explotaciones de trigo en Egipto son pequeñas, de 

regadío, y cultivadas por el propietario. El riego es casi universal en la 

agricultura egipcia, permitiendo que cultivos de verano y de invierno. En las 

zonas alejadas de los ríos, el agua de riego proviene de pozos. El trigo 

desempeña un papel importante en las rotaciones de cultivo de los agricultores; 

las rotaciones más comunes del invierno-verano son trigo-arroz, trébol-algodón, 

maíz-trigo y trébol-maíz. 

 La política del Gobierno de Egipto es lograr la mayor autosuficiencia posible en 

trigo, básicamente para evitar los riesgos internacionales en los mercados de 

trigo. 

 Para disminuir la dependencia de Egipto de trigo importado, para capitalizar la 

producción nacional de maíz blanco y para reducir los costos de la subvención 

para pan baladi y harina, el Ministerio de Comercio y Oferta presentó una 

iniciativa para mezclar 80 por ciento de harina baladi con 20 por ciento de 

harina blanca de maíz para hacer harina y pan subsidiado baladi. Este nuevo pan 
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se vende al mismo precio subsidiado y tiene casi el mismo sabor que el pan 

regular baladi. La principal limitación de esta iniciativa es el bajo nivel de 

contratación nacional de maíz blanco; la mayor parte del maíz doméstico es 

utilizado por las familias rurales para consumo como alimento animal. En 

consecuencia, el gobierno se propone aumentar los rendimientos de maíz, que se 

encuentran por debajo de su potencial, y que es una meta más fácilmente de 

alcanzar que el aumento de rendimientos de trigo. 

 Egipto tiene uno de los niveles de consumo per cápita más grandes de trigo en el 

mundo, y es uno de los mayores importadores mundiales de trigo. Dos factores 

principales están seriamente aumentando la tasa de cambio en el consumo 

interno de trigo; la tasa de crecimiento de la población y la tasa de crecimiento 

en el consumo de trigo per cápita. Estos dos elementos están, por lo tanto, 

afectados por numerosos factores como las políticas económicas adoptadas, los 

ingresos y su distribución entre los individuos y la tasa de cambio en los precios. 

 La parte de trigo utilizado para consumo de los hogares es más alto para los 

pequeños agricultores y tiende a disminuir con el tamaño de la granja. Por el 

contrario, la cuota de trigo vendida aumenta con el tamaño de la granja. En 

pequeñas explotaciones, la mayoría del trigo es utilizado para la subsistencia y 

por lo tanto, queda solamente una pequeña cantidad de trigo cosechada para 

venderse. Por lo tanto, las ventas de trigo tienden a aumentar más que 

proporcionalmente con el tamaño de la granja. 

 Hay dos fuentes de suministro principales de trigo en Egipto, producción 

nacional e importaciones. El trigo nacional es consumido principalmente en las 
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zonas rurales. Los hogares rurales procesan el trigo en diferentes tipos de harina 

en los molinos locales y utilizan la harina para hornear su propio pan. 

 El gobierno recoge el trigo a través de las cooperativas, las sucursales locales del 

PBDAC y molinos públicos. Este trigo es transformado en harina baladi (82%). 

por los molinos públicos o molinos privados contratados. Pan y harina de Baladi 

se venden a precios subsidiados a los consumidores en almacenes y panaderías 

con licencias del gobierno. 

 La harina fino es de mayor calidad que la harina baladi y se vende a precios de 

mercado libres. Se utiliza para hacer pan francés, pan de pita de mayor calidad y 

pasteles. 

5.1.3. Eficiencia y productividad de la producción de trigo en Egipto  

Los resultados más importantes de este estudio son los siguientes: 

 Las estimaciones de máxima verosimilitud de la especificación de Battese y 

Coelli (1992) para las principales provincias de producción de trigo en Egipto 

demuestra que el coeficiente del factor tierra es positivo y significativo según las 

expectativas previas. El coeficiente del trabajo es positivo y significativo. El 

coeficiente de la maquinaria es negativo y no significativo. Esto puede ser 

debido al pequeño tamaño de la explotación media en Egipto, cerca de 0,6 

hectáreas. 

 Las estimaciones de máxima verosimilitud de la especificación de Battese y 

Coelli (1995) para las principales provincias de producción de trigo en Egipto 

muestran que el coeficiente de la tierra es el más importante y por lo tanto, 

desempeña un papel fundamental en la producción de trigo. El coeficiente de la 

tierra es positivo y altamente significativo según las expectativas previas. El 
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coeficiente de trabajo es positivo y no significativo. Esta puede ser debido a la 

falta de formación para el trabajo. El coeficiente de la maquinaria es negativo y 

no significativo. El coeficiente de cambio técnico es positivo y significativo. 

Este resultado indica un pequeño progreso técnico con el paso del tiempo. 

 Considerando el valor logarítmico de la función de verosimilitud de las dos 

especificaciones, el mayor valor logarítmico de la función de verosimilitud de 

Battese y Coelli (1995) indica un mejor comportamiento de este modelo. El 

coeficiente gamma de la especificación  Battese y Coelli (1995), 0.2707, señala 

que el ruido estadístico y la ineficiencia son importantes. Se estima que la 

proporción de la varianza total que es debida a la ineficiencia es del 11.88%. 

 Los coeficientes de las variables dummy ( 1Z y 2Z ) en el modelo de ineficiencia 

técnica son insignificantes, lo que indica que la situación de las provincias no 

tiene ningún impacto en la producción de trigo. El coeficiente negativo y 

estadísticamente significativo de la variable de tiempo 3( )Z  indica que la 

ineficiencia técnica de la producción de trigo en Egipto tendió a disminuir 

durante el período de estudio. Por lo tanto la producción de trigo en Egipto se 

vuelve más eficiente con el tiempo. El coeficiente variable dummy de género 

4( )Z  es insignificante, lo que indica que no hay ningún impacto de género en la 

producción de trigo en Egipto. 

 Los niveles anuales de eficiencia técnica de la producción de trigo en Egipto 

para la muestra total en el período 1990-2012 son bastante similares. El 

promedio de eficiencia técnica varían de un nivel mínimo de 0.9444 [Battese y 

Coelli (1992)] a un nivel máximo de 0.9630 [Battese y Coelli (1995)], y la 

media de las dos especificaciones es 0.9537. Las tasas de crecimiento anual de 
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porcentaje varían de 0.4150% [Battese y Coelli (1992)] a 0.5583% [Battese y 

Coelli (1995)], y el promedio de la tasa de crecimiento anual de porcentaje 

promedio de las dos especificaciones es el 0.4867%. Las dos especificaciones 

muestran claras mejoras en los niveles de eficiencia técnica en el período 1990-

2012. 

 La eficiencia técnica media para las principales provincias durante el período 

1990-2012 muestra que la provincia de Fayoum tiene el mínimo nivel medio de 

eficiencia técnica (0.9161) para las especificaciones de Battese y Coelli (1992) 

(1995), mientras que la provincia de Dakahlia presenta el máximo nivel 

promedio de eficiencia técnica (0.9869) para las dos especificaciones. 

 El índice de Malmquist (TFPCH) para la producción de trigo en Egipto durante 

el período 1990-2012 se descompone en dos índice, cambio técnico (TECHCH) 

y cambio de eficiencia (EFFCH). Además, este último se descompone en 

cambio de eficiencia pura (PECH) y cambio de eficiencia de escala (SECH). 

TFPCH de la producción de trigo en Egipto durante el período 1990-2012 

muestra un aumento hasta el período 2000-2001, después este período TFPCH 

muestra una variación en sus niveles entre la disminución y aumento. Este 

resultado obedece más al comportamiento del componente de cambio técnico 

que al componente de cambio de eficiencia. 

 El resultados de los índices Malmquist por provincias indican que la media de 

TFPCH de las principales provincias de producción de trigo en Egipto 

disminuyó en 10.9%. La media de la disminución en el componente de cambio 

técnico es de 10.9%, esta disminución mejora con el tiempo. La media de 

aumento en el componente de cambio de la eficiencia es 0,1%; la fuente de este 
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aumento se debe principalmente al componente del cambio de eficiencia pura en 

mayor medida que el componente de cambio de la eficiencia de escala, pues la 

media del cambio de eficiencia de escala es igual a uno. Por lo tanto, la 

disminución de la TFPCH es debida más al cambio técnico que el cambio de 

eficiencia. La menor disminución en TFPCH ocurrió en la provincia de 

Menoufia, 6,5 por ciento, mientras que la mayor disminución en TFPCH se 

produjo en dos provincias, Sharkia y Dakahlia, 13.1% para cada uno de ellos. 

 
5.2. Contribuciones del estudio  

Los siguientes constituyen importantes contribuciones del estudio: 

 En este estudio aplicamos la aproximación paramétrica y no paramétrica para la 

eficiencia de la producción de trigo en Egipto. No se encontraron trabajos 

empíricos en este campo en este país, por lo tanto, desde esta perspectiva se trata 

de un trabajo novedoso. 

 En este trabajo se analizan la eficiencia y productividad en el nivel provincial y 

esto es importante porque las diferentes provincias pueden ofrecer 

comportamientos dispares en términos de eficiencia y productividad y, por lo 

tanto, las soluciones también deben ser diferentes. 

 No sólo es importante analizar la evolución de la productividad total, también es 

más importante determinar los elementos de su evolución. Este trabajo analiza la 

productividad total y sus componentes. 

 Desde el punto de vista de establecer una política agrícola en Egipto, las 

contribuciones de este estudio son importantes ya que proporciona las 

recomendaciones para la mejora de la producción de trigo en Egipto. 
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5.3. Recomendaciones  

En base a los resultados de este estudio, extraemos las siguientes implicaciones 

de política:  

 Reasignar los recursos agrícolas de manera más efectiva sobre todo en las 

provincias que son muy poco eficientes.   

 Lograr la mayor eficiencia en la producción de trigo a través del fomento e 

incentivos los agricultores en las distintas provincias según sus condiciones de 

producción.      

 La política del gobierno debe prevenir la conserversión de tierras agrícolas a 

usos no agrícolas, a través de la estricta aplicación de las diferentes leyes y 

reglamentos. 

 El gobierno debe implementar procesos de concentración parcelaria para 

aumentar la eficiencia y reducir los costos.  

 Aumentar la importancia de nuevas áreas agrícolas reclamadas para la 

producción de trigo.  

 Aumentar la producción de trigo mediante el aumento de la adopción de 

variedades de alto rendimiento entre los agricultores.  

 El gobierno debe establecer recomendaciones a los agricultores sobre dosis de 

uso de fertilizantes químicos, basadas en los resultados de la investigación 

científica. 

 El gobierno debe desarrollar políticas que fomenten la diversidad en el consumo 

de alimentos en la población, lo que llevaría a la reducción del consumo per 

cápita de trigo, y a su vez esto puede ayudar a reducir la brecha de trigo y 

aumentar la autosuficiencia en trigo.  
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 Mejorar infraestructuras físicas de comercialización utilizados para el 

almacenamiento y transporte, lo que reduciría las pérdidas en trigo.  

 Aumentar la capacitación de los trabajadores.  

 Mejorar la tecnología en el proceso de producción del trigo y el proceso de la 

cosecha. 

 El gobierno debe presentar alternativas de bajo costos para el trigo de 

alimentación animal.   

 El gobierno podría ser asesorado para concentrar su gasto en aquellas áreas que 

crean los beneficios sociales más altos y que no se pueden proporcionar 

eficazmente por el sector privado.  Las áreas donde el gobierno involucrarse son: 

- Investigación agrícola, extensión, infraestructura rural y un sistema de 

información de mercado que pueda contribuir a aumentar la productividad y los 

ingresos.   

- Provisión de un marco legal y normativo que facilite la inversión del sector 

privado, incluyendo un sistema judicial que funcione, normas relativas a la 

conducta de mercado (por ejemplo, legislación y consumo protección 

antimonopolio), un sistema de clasificación de los productos básicos y sus 

normas. 

5.4. Futuras líneas de investigación  

Algunos aspectos de la eficiencia y la productividad de la producción de trigo en 

Egipto pueden constituir las líneas futuras de investigación en este campo. Entre ellos 

podemos mencionar los siguientes: 

 Es necesario  más estudios sobre la eficiencia y productividad de la producción 

de trigo en Egipto a través de encuestas, pues con ellos sería posible investigar 
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los factores socioeconómicos (edad, educación, sexo, composición de mano de 

obra, calidad de la tierra, propiedad de la tierra, etc.) que afectan la eficiencia y 

productividad de la producción de trigo en las diferentes granjas y 

gobernaciones. 

 Hay número de direcciones en las que este estudio puede ser extendido. Una 

extensión puede ser un estudio sobre la eficiencia asignativa que probablemente 

daría una visión más clara a los estudios de eficiencia.   

 Nuevos estudios deben llevarse a cabo para investigar los factores agro-

ambientales que afectan a la eficiencia y productividad de la producción de trigo 

en Egipto. 
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