
)IL:·~·~·; 2ti· -e~r - '· 
; l. :i!tZ ---- -- ~· 

~ ~ .. ~~:: .. -~~,L _. e ·-t. .. 

UNITED NATIONS 

Economie Commission 
for Africa 

t ~··· .-·., ~ ,., "" "'·or -1 · ~c. 1 t. 4a, - ..._,.\o.J'., <.4 _ -- ~-'-Il .. -..... - .. -~ _,..,, ,.._ ... -
NA TI ONS UNIES 

Commission Economique 
pour 1 'Afrique 

AFRICAN INSTITUTE FOR ECONOMIC DEVELOPMENT AND PLANNING 

INSTITUT AFRICAIN DE DEVELOPPEMENT ECONOMIQUE ET DE 
PLANIFICATION 

( IDEP) 

DETERMINANTS OF.TfiE PRODUCTION 
OF MAJOR FOOD CROPS IN ETHIOPIA 

Submitted in partial fulfilment of the requirements for the degree ·of Master of Arts in 
Economie Policy and Management at the African Institute for Economie Development 
and Planning. · 

Supervisor: Dr. Matar GAYE 

\. 



UNITED NATIONS 

AFRICAIN INSTITUTE 
FOR ECONOMIC DEVELOPMENT AND PLANNING 

IDEP 

·This is to certify thaf 

ALMAWOSSEN HASTE 

Identification No 010712 

has successfully defended the M.A. thesis ent:tled 

Mamadou DANSOKHO .... 

lbrahima HATHIE ....... S25.~ .......... . 
External Examiner 

Matar GAYE ............ ~ .......... .. .. . 
Superviser 

Aloyisius A. AMIN ... ~~~ 
Chair of Committee/ 

Deputy Director 



Acknowledgment. 

First of all, my thanks go to the institute for admitting me to the 18 months training in 

Economie Policy and Mana~ement. I also acknowledge with thanks the FDRE Ministry 

of Agriculture and UNDP for granting me the sponsorship. 

I appreciate deeply Dr. Matar GAYE, my superviser, for his support, guidance and 

comrnents. I am also grateful to Prof. Aloysius Ajab AMIN, Deputy Director of the 

institute for his invaluable advice and close follow up of my study. I also extend my 

thanks to the members of the thesis committee Dr. Salif Sada SALL and Dr. Mamadou 

DANSOKO for their constructive comrnents and to Mr. Tharcisse Ntilivamunda for his 

valuable help. 

Special mention goes to W/o Kibnesh Wolde Gebriel, Administrator of the institute, 

who encour.aged me to join the institute and provided me with moral support to 

complete my stud~: I am thankful to all those who helped me during my study in 

Senegal. Finally, my special thanks go to W/o Birknesh Atnafu, Ato Zena Estifanos, 

W/o Elsabeth Asfaw and Ato Jemal Kedir from Ethiopia who devoted their time to send 

me the necessary data I needed. 



Abstract 

Œ:p production is the major sub-sector within agriculture and in the overall economy 

of Ethiopia contributing over 60 percent of agricultural output. However, production of 

food crops has been less of domestic requirement for severa! years. The main objective 

of the study is therefore, to identify and analyse the determinants of the production of 

major food crops in the country. Both qualitative and empirical analyses are made in 

the study. The results obtained from the empirical analysis indicate that the major 

deterrnining factors for the per-capita production of major food crops and average land 

productivity in the country are drought, harvested land area and fertilizer consumption. 

In order to reduce the widening gap between domestic food production and requirement, 

a combination of policy measures and actions are required. These include guaranteeing 

land tenure security, increasing the share of public expenditure in agriculture, research 

and extension on traditional food crops and organic fertilizer, voluntary resettlement and 

utilizing the untapped irrigation potential of the co::3 

ii 



Abstract 

fj.n Ethiopie, la production vi vrière constitue la principale filière dans l'agriculture et 

l'économie en général ; elle contribue plus de 60 pour cent de la production agricole. 

Cependant, les cultures vivrières sont restées pendant plusieurs années en deçà de la 

demande intérieure. Par conséquent, le principal objectif de l'étude est d'identifier et 

d'analyser les déterminants de la production des principales cultures vivrières du pays. 

L'étude a procédé à des analyses aussi bien qualitatives qu'empiriques. A partir des 

résultats obtenus de l'analyse empirique, on constate que les principaux facteurs 

déterminants en ce qui concerne la production par tête d'habitant des grandes cultures 

vivrières et la productivité moyenne des terres dans le pays sont la sécheresse, la 

superficie de terre récoltée et la consommation d'engrais. 

Afin de réduire l'écart grandissant qui existe entre production et demande intérieures de 

produits alimentaires, il est nécessaire de préconiser une combinaison de mesures et 

d'actions en matière de politiques. Il s'agit notamment d'assurer la sécurité dans le 

domaine foncier, d'accroître la part des dépenses publiques affectée à l'agriculture, à la 

recherche et la vulgarisation concernant les cultures vivrières traditionnelles et l'engrais 

organique, à la relocalisation volontaire et d'utiliser le potentiel inexploité du pays en 

matière d'irrigation. 

lll 



Executive Summary 

A) Statement of the Problem and Justification 

Ethiopia is the second populous country in Africa with estimated population of 63.5 

million in the year 2000 (CSA 1999). Agriculture is the mainstay of the country's 

economy in terms of contribution to the total GDP (47 percent), employment (80 

percent); export eamings (90 percent). Within agriculture, the crop sub-sector 

contributes among others more than 60 percent of the sector's output (MEDaC 1999). 

In spite of the dominant role that agriculture is playing in the overall socio-economic 

status of the country and the immense agricultural potential that the country is endowed 

with, the sector has not been able to provide the domestic food requirements of the 

country since the early 1960's. There had been a declining trend of per-capita food 

grain production and total volume of production for severa! years. Per-capita cereal 

production declined on average by 4 kilos between the period 1960 and 1987 (Webb et 

al 1992). During the period 1980-1994, the per-capita food production declined on 

average by 2.5 percent per annum. Although the trend of food crop production since the 

mid of 1990' s has been encouraging, on average 3 to 5 million people face the problem 

of transi tory or chronic food insecurity and need extemal assistance. 

This study is therefore, initiated to identify the determining factors for the production of 

major food crops and to know whether or not the country could be able to solve the 

existing problems of food insecurity. 
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B) Objectives of the Study 

-To identify and analyse the major factors that determine/influence the 

production of major food crops in the country. 

- To assess the impact of govemment policies and strategies in the past and at 

present on the production of food crops and on food security. 

- To recommend appropriate policy measures and actions that should be 

considered so as to ensure sustainable food self-sufficiency and food security in 

the country. 

C) Hypothesis to be tested 

H1: -The per-capita production of major food crops in Ethiopia is positively 

related to the size of cultivated land area. 

H2: - There is a direct relationship between productivity of land (yield per unit of 

cultivated land area) and producers' priees of major food crops. 

H3:- Policy changes that have been implemented in Ethiopia since 1992 such as 

removal of command economie policy, market liberalization etc.; have 

brought positive impact on production and productivity of major food 

crops. 

D) Methodology and Empirical Results 

Both quantitative and qualitative analysis of the different factors that affect agricultural 

production in general and the production of major food crops in particular have been 

made. Two equations, one for the per-capita production of major food crops and another 

for the average productivity of harvested land area have been estimated. The equations 

have been estimated using the Eagle-Granger two steps co integration and error 

correction procedures. 
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The study revealed that the general factors that are affecting the development of 

agriculture in Ethiopia are related to environment, technology, infrastructure and 

institutions. The empirical results showed that the major determining factors of per

capita production and average land productivity of major food crops in Ethiopia are 

drought, harvested land area and fertilizer consumption. Besides these, we believe that 

other factors that couldn't be captured quantitatively m our analysis such as 

environmental degradation expressed in the form of soil erosion and declining soil 

fertility, internai civil unrest and population pressure have had their contribution to the 

declining trend of per-capita production and average land productivity of major food 

crops. 

On the other hand, the other factors that were included in our quantitative analysis, 

namely agricultural labour force, producers' priees and the recent govemment policy 

changes are found to be insignificant in explaining the variations in per-capita 

production and average land productivity of major food crops. 

F) Recommendations 

In order to reduce the widening gap between domestic food production and requirement, 

and to attain the objective of food self-sufficiency and food security in the country, a 

combination of policy measures and actions are required. These are guaranteeing land 

tenure security to the farmers, increasing the share of public expenditure in agriculture, 

providing due emphasis on research and extension of traditional food crops and organic 

fertilizer, domestic production of commercial fertilizer, promoting voluntary farmers 

resettlement and utilizing the untapped irrigation potential of the country. 
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1. INTRODUCTION 

1.1 Country Profile 

1.1.1 Physical Features 

Ethiopia is located in the South and West of the Red Sea coast forming the hinterland of 

the Hom of Africa. lt has five neighbours: Sudan to the West, Eritrea to the North and 

North East, Djibouti to the East, and Kenya and Somalia to the South and South East 

(Annex1). Ethiopia has become a landlocked country since 1993 after Eritrea, which had 

been one of its provinces, became independent. 

The country has a total area of 1.22 million km2
. A highland complex of mountains and 

plateaux dominates the country. About 36% of Ethiopia's land area is highland with 

altitude of above1500 metres above Sea level. The elevation of the country ranges from 

100 metres below sea level to over 4000 metres above sea level. The Great East African 

Rift Valley with a width of 40 to 60 kilometres divides the country in a northeast to south , 
direction. 

The diverse altitudinal and other physical features of the country have caused a variety of 

agro-climatic conditions to exist. The country is divided into 18 major agro-ecological 

zones (AEZs) and 62 sub-zones, grouped under 7 major zones based on the prevailing 

temperature and moisture regimes (MEDac 1999). The details of the agro-ecological 

zones, their suitability to agriculture and the major limiting problems of the zones are 

presented in table 1.1. 



The Highlands of Ethiopia constitute about 37% of the total land area. It supports about 

80% of the human and 70% of the livestock population, and contributes over 90% of the 

cropland. However, it suffers from massive land degradation due to soil erosion (1 billion 

ton per year) caused by high pressure on land. The lowlands, which constitute about 

63 % of the total land area of the country, support only 30% of the livestock and 20% of 

the human population. Most parts of the lowlands are infested with malaria, tsetse flies 

and other vectors, which rendered the area unfavourable for human seUlement and cattle 

breeding (MOA 2000). 

Table 1.1. Major Agro-Ecological Zones and Sub-Zones 

No. Of Percentage Cumulative Agricultural Major Lirniting 

Major zones sub-zones Area ('000 ha. ) of the total percentage Suitability Problem 

Arid (A) 8 42,272.02 37.6 37.6 Pastoral Rainfall 

Semi-arid (SA) 6 2,900.20 2.6 40.2 pastoral/cultivation Rainfall 

Semi-moi~t (SM) 11 18,962.82 16.9 57.1 ann ua! crops Erosion 

MOIST(M) 15 24,540.12 21.8 78.9 annual crops Erosion 

Semi-hurnid (SH) 11 16,731.90 14.9 93 .8 annual/perennial Erosion 

crops 

Hurnid (H) 8 6,358.12 5.6 99.4 annual/perennial Erosion 

crop 

Per-hurnid (PH) 3 669.27 0.6 100 perennial crops cold/ frost 

Total 62 112,434.45 100 100 

Source: Adapted from FAO 1996 
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There are two rainy seasons in the country. These are the short rainy season known as 

'Belg' during the mid-February to the end of April and the main rainy season 'Meher' 

covering the months of June to September. The climate is characterized by considerable 

variability in amount and timing of rainfall from year to year. Rainfall distribution varies 

throughout the country depending on agro-ecological conditions. Annual precipitation 

ranges from below 200 mm in the extreme south to 2400 mm in parts of south central 

highlands. Mean annual temperatures range from less than 16°C in the highlands to 

more than 29°C in the lowlands. 

1.1.2 Socio-Economic Background 

Population 

Ethiopia had been the third most populous country in Africa until recently behind Nigeria 

and Egypt. Currently however, Ethiopia has outnumbered Egypt and has become the 

second populous country in the continent with estimated population of 63.49 million in 

the year 2000 (CSA 1999). This shift of rank has resulted mainly from the difference in 

the rate of growth of population between the two countries. 

As is the case in most of the Sub-Saharan African countries, a high proportion of young 

population in the age structure characterizes the Ethiopian population. About 55 percent 

of the total population is under 20 years of age. This clearly indicates that even if the 

country adopts a successful population programme in the near future, the number of 

population will increase substantially for decades to come. The young will become parent 

in the future, which is known as the hidden momentum of population growth. 

3 



The ratio of inactive population (those under 15 years of age and those 65 years and 

over) to that of active population (15 to 64 years of age) was estimated at 87.8 in the year 

2000 (ibid) . It means that for every 100 persans of working age, there are about 88 

dependents and this figure is high compared with those of many African countries. This 

implies that compared with sorne of the African Countries such as Egypt that have 

become relatively successful in controlling the problem of population pressure, Ethiopia 

has to exert much effort in integrating the issue of population and development so as to 

achieve a meaningful result in the near future. 

Out of the total population of Ethiopia, 54.0 million (85 percent) were rural inhabitants 

while the balance 9.5 million (15 percent) were urban dwellers in the year 2000 (ibid). 

When we look at the settlement pattern, there is high concentration of population in the 

highlands. Nearly 50 percent of the Population lives at altitudes above 2200 meters 

above sea level while only 11 percent lives at altitudes less than 1400 meters above sea 

level. The remaining 40 percent of the population lives between 1400 and 2200 meters 

above sea level (MEDaC 1999). 

Having a total land area of about 1.1million km2
, it is estimated that nearly 80 percent of 

the population live on only 37 percent of the area while the remaining 20 percent live on 

63 percent of the countries land area as indicated in table 1.2. 

Population density varies considerably with altitude. It ranges from 10 persans per km2 

in the Southeastern lowlands to 500 persans per km2 in the central highlands. There is 

also considerable variation in population density within the highland parts of the country. 
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Table 1.2. Population distribution and density by altitude in the year 2000 

A rea Population 

Altitude above Sea 

leve! (meter) Density 

S.N 1000km2 %of Cumulative 000' %of Cumulative perkm2 

total % total % 

1 2600 and above 63.1 5.8 5.8 6603 10.4 10.4 104 

2 2200-2600 128.4 11.8 17.6 24890 39.2 49.6 194 

3 1800-2200 211.2 19.4 37.0 17715 27.9 77.5 

4 1400-1800 306.0 28.1 65.1 7302 11.5 89.0 

5 1000-1400 145.9 13.4 78.5 5207 8.2 97.2 

6 <1000 234.0 21.5 100 1778 2.8 100 

Total 1088.6 100 63495 

Source: Adapted from MEDaC(1999) 

Economie Structure 

Agriculture is the mainstay of the Ethiopian economy. In the year 1999, it accounted for 

about 47 percent of GDP, 90 percent of export earnings and 88 percent of employment 

(WB 2001). The overall performance of the economy is thus dominated and highly 

influenced by the performance of the agricultural sector. The sector is characterized by 

the smallholder farming system, which accounts for over 95 percent of total agricultural 

production and area under crops. 

The service sector is the second important sector of the economy. The sector 

contributed about 41 percent of the GDP in 1999 (WB 2001). It consists of trade, 

transport, communications, banking, insurance and real estate, public administration and 

defence, education, health domestic services and other persona! services. 

5 
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The industrial sector comprising manufacturing and handicrafts, mining and quarrying, 

electricity and water, and construction contributed only about 11 .2 percent of the total 

GDP in 1999 (WB 2001). The level of development of the sector is at its infant stage. 

The country's industrial base is heavily dependent on imports of semi-processed goods, 

raw materials, spare parts and fuel. Besides the imported inputs, the manufacturing sub

sector depends on the country's subsistence agriculture for its raw material. The 

manufacturing sub-sector is producing predominantly consumer goods for domestic 

consumption, which shows that the country has a long way to go in order to produce 

capital goods. 

Ethiopia' s export is characterized by the export of primary products, mainly coffee. 

Coffee alone accounts for about 60 percent of the export earnings. The other export 

items include, leather and leather products, live animais, pulses, oil seeds and 'chat' 

(stimulant leaf). The country's major imports constitute raw materials, semi-finished 

goods (mainly chemicals, fertilizers and textile materials), fuel and consumer goods. 



1.1.3 Overall Economie Performance 

Performance of the Economy Bef ore the 1990s 

Before May 1991 , a socialist oriented military government (Derg) had ruled Ethiopia for 

nearly 17 years . The period was characterized by continuous internai and external 

conflicts and droughts . The government tried to transform the economy along a socialist 

line, which abolished private ownership. The economie system of the regime had been 

based on the mobilization and allocation of resources through central planning. Almost 

all economie infrastructures were controlled by the state. 

In v1ew of the realities mentioned above, we would not expect a good economie 

performance during this period. Real GDP was growing at 1.5 percent annually after 

averaging 4 percent per annum during the period 1965-73 (MEDaC 1999). In the same 

period, the average population growth rate increased to about 2.9 percent per annum, 

which was 2.5 percent per annum during 1965-73. This shows that during the Derg 

regime, real per-capita GDP had been declining at a rate of about 1.4 percent per annum. 

During the pre-Derg period, investment and saving were in good shape. In 1973 for 

instance, domestic saving had been 14 percent of GDP and this had enabled to finance 

more than 90 percent of Gross Domestic Capital formation. 

Other economie indicators also reflected the low level of performance of the economy 

during this period. Gross domestic saving rate ranged only between a low level of 0.2 

percent of GDP and a high of 7.5 percent of GDP. 
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The overall poor performance of the Ethiopian economy during the rule of the Derg can 

be attributed to various factors among which, the wrong economie policies pursued by 

the govemment, continuous civil unrest and recurrent drought were the major ones. 

Performance of the Economy During the 1990s 

Since the seizure of power by the then Transitional Govemment of Ethiopia in 1991, a 

market oriented economie management system has been adopted. Unlike the previous 

regime, participation of the private sector in the economy has been allowed. 

The overall economie performance of the country since the change of govemment has 

been relatively good compared with the Derg era. As indicated in table 1.3, during the 

period 1990 to 1999, real GDP grew by an average of about 4.1 percent annually against 

average of 2.9 percent annual growth rate in the period between 1985-89. 

The highest growth rate was recorded in the service sector. The sector grew on average 

by 5.8 percent per annum between 1990 and 1999. The share of the service sector to the 

total GDP increased from 35.1 percent in 1990 to 41 percent in 1999. 

Though it is at its primary stage, the performance of the industrial sector had been stable 

and satisfactory. The growth of this sector averaged 4.2 percent over the period 1990 to 

1999. The factors that contributed to the growth registered in the indus trial sec tor were 

attributed to the improved availability of spare parts to the highly incapacitated 

manufacturing industries through the recovery and rehabilitation program launched by 

the govemment and the accompanied economie reform program (MEDaC 1999). The 
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relatively small and almost constant annual share of the sector to the total GDP shows 

that the sector has to further register high growth in order to become the major one if not 

as important as the others. 

The share of the agricultural sector to the country's GDP showed a continuous decline 

although the sector remained to be the major contributor. The agricultural value added 

grew on average by 2.4 percent during the period 1990 to 1999. The performance of the 

sector during the period under review was relatively low compared with the other two 

sectors. This might be partly due to the occurrence of drought during 1992 and 1998. 

Table 1.3. Selected Macro Economie Indicators for Ethiopia 

Average Annual % 

growth 

Description 1990 1995 1999 1885- 1990-99 

89 

GDP real millions US$ at 1995 constant priee 5134 5779 7045 2.9 4.1 

Average real GDP growth rate Annual %age 2.5 6.1 6.2 2.9 4.1 

Sectoral share as a% of GDP 

Agriculture 53.8 53.1 47.4 3.4 2.4 

Services 35.1 36.0 41.4 4.1 5.8 

Industry 11.1 10.9 11.2 -0.1 4.2 

Gross Domestic Investment as %of GDP 11.8 16.4 18.1 14.7 14.6 

Gross Domestic Savings as % of GDP 7.2 8 2.7 7.2 4.9 

Export of Goods and Non factor Services 

Real million US$ 812 786 1029 1.6 5.7 

Import of Goods and Non Factor Services Real 

million US$ 1158 1276 2048 3.0 4.4 

Source: Adapted from The World Bank (WB), Afnca Development Indicators 2001 
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1.2 Statement of the Problem and Justification of the Study 

The overall economie growth of the country is highly dependent on the performance of 

the agriculture sector. Over 60 percent of the agricultural output in Ethiopia cornes from 

crop production (MEDaC 1999). 

The sector is however, predominantly characterized by traditional and subsistence small

scale peasant farming . This system occupies more than 95 percent of the country's 

cultivated land area and produces 90-94 percent of the total agricultural output. 

With considerable agricultural potential, Ethiopia had been self sufficient in staple food 

production and was classified as a net exporter of food grains up to the late 1950s. Since 

the early 1960s however, domestic production has not been able to meet the basic food 

grain requirement of the population. The growth rate of domestic food production feil 

short of the population growth rate and as a result the country has become one of the 

Sub-Saharan African countries that have been suffering from food insecurity for decades. 

The per-capita food grain production and the total volume of production have shown a 

declining trend for severa! years. During the period 1960-1987, cereal production 

declined on average by 4 kilos per person per year (Webb et al 1992). Total domestic 

food production increased by only 0.5 percent per annum during 1980-1994 while the 

population growth rate was about 3 percent in the same period. The leve! of per capita 

food production dropped by 2.5 percent in the same period among ethers due to the rapid 

population growth (Tesfaye et al1995) . 
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Food security and food self-sufficiency have been among the major priorities of the past 

and the present govemments. Though they have undertaken various measures to achieve 

food self-sufficiency and food security, the problems have remained to exist for the last 

three decades. The major causes of the problems have been attributed to environmental, 

political, and demographie as well as institutional factors . 

Since the mid 1990s however, the production of food grains in the country has generally 

shown an increasing trend with sorne exceptions. The reasons for the recent increase in 

grain production have been ascribed to different factors. These include, the advent of 

good weather, existence of relative peace and stability, introduction of new policies, 

expansion of cultivated land area and increased use of improved technologies (fertilizer 

and improved seeds) (MEDaC 1999). 

The increase in grain production during this period has not however been smooth. Sorne 

crop years such as 1998 exhibited a decline in total grain production as well as per-capita 

grain production mainly due to unfavourable weather conditions. 

The current overall development strategy of the govemment is known as Agriculture Led 

Industrialization (ADLI). It is aimed at among others increasing domestic food 

production through the provision of improved technology packages mainly chemical 

fertilizer and improved seeds as well as credit facilities to the smallholder farmers. The 

program that started a nation-wide operation in 1996 has shown encouraging results in 

boosting cereal production in areas of high agricultural potential and favourable weather 

condition. 
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In spite of the positive sign recently observed in regard to the domestic production of 

food crops, there is still a significant gap between domestic food supply and requirement. 

On average, 3 to 5 million people encounter transitory or chronic food insecurity and 

receive food assistance donated from abroad, as the country's economie capacity does 

not allow having commercial import. Most of the people that are affected by both types 

of food insecurity are those who live in parts of the country that have experienced 

structural food deficit for a long period of time due to various factors among which high 

population pressure accompanied by fragmented agricultural land, soil degradation and 

erratic rainfall are to be mentioned. 

On the other hand, during the period of good harvest, farmers in the higher agricultural 

potential areas of the country suffer from a sharp decline in grain priee and are unable to 

generate adequate income for repayment of debt incurred for the purchase of inputs such 

as fertilizer and to cover their basic needs (Dechassa 2001). Though there has been a 

general increase in cereal production since recent period that has been claimed to be 

mainly due to the introduction of new technology packages (and due to excellent 

rainfall), the sustainability of the govemment's strategy and ability of the country to 

attain food self sufficiency and food security in the foreseeable future is open to 

discussion. 

1t is based on the above background that this study is initiated in order to answer the 

following questions: 
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What are the determining factors for the production of major food crops in 

Ethiopia and to what extent do these factors influence the output level? 

Are the current government policies and strategies towards achieving the 

objectives of food self-sufficiency and food security appropriate, and could 

these policies and strategies enable the country to attain the objectives in the 

near future in a sustainable way? If not, what are the possible alternative or 

complementary policy and strategy options that should be followed so as to 

achieve the objectives? 

1.3 Objectives of the Study 

The objectives of the study are therefore; 

-To identify and analyse the major factors that determine/influence the production 

of major food crops (cereals, pulses and oil seeds) in the country. 

- To assess the impact of government policies and strategies in the past and at 

present on the production of food crops and on food security. 

- To recommend appropriate policy measures and actions that should be 

considered so as to ensure sustainable food self-sufficiency and food security in 

the country. 
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1.4 Hypothesis to be tested 

The hypotheses to be tested in the study are: 

H1: -The per-capita production of major food crops m Ethiopia is positively 

related to the size of cultivated land area. 

An increase in the size of cultivated area is partly to be implemented by clearing 

new and therefore relatively higher productive land, which could increase per

capita production. 

H2: - There is a direct relationship between productivity of land (yield per unit of 

cultivated land area) and producers' priees of major food crops. 

It is anticipated that as the produeer priees of food crops increase, farmers tend to 

utilize more inputs such as fertilizer and this would eventually lead to an increase 

in land productivity. 

H3: - Policy changes that have been implemented in Ethiopia since 1992 such as 

removal of command economie policy, market liberalization etc.; have brought 

positive impact on production and productivity of major food crops. 
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2. AGRICULTURAL SECTOR BACKGROUND AND POLICY 

2.1 Resource Base and Potentials 

2.1.1 Land Use 

Out of the countries estimated 112.4 million hectare land area, 73.6 million hectare (66 

percent) is believed to be potentially suitable for agriculture. Currently 16.6 million 

hectares of land is estimated to be under cultivation for the production of annual and 

perennial crops (table 2.1). Smallholder farmers occupy over 95 percent of the cultivated 

land area. The Balance is cultivated by commercial Private and State farms. 

The average land holding size of smallholder farm households is estimated at 1.4 

hectares. The figure varies from region to region, ranging from 0.5 hectare in highly 

populated south central highlands to over 2 hectares in the southern parts of the country 

(MOA 2000). Farms of less than 1 hectare comprise more than 26 percent of agricultural 

land and almost 60 percent of all agricultural land is in holdings less than 2 hectares. 

Fallow lands represent only about 7.5 percent of all small holders holdings (FAO 1998). 
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Table 2.1. Current Land Use Potential 

Land Use Are a % 

('000 Ha.) 

Cultivated land 16,640 14.8 

Grazing and browsing 57,341 51.0 

Forest, Shrubs, etc. 13,155 11.7 

Currently unproductive 4,273 3.8 

Currently unutilised 21,025 18.7 

Total 112,434 100.0 

Source: MOA 2000 

2.1.2 Water Resource and Irrigation 

The country is endowed with immense water resource potential. Total mean annual flow 

of Ethiopian rivers is estimated at 110 billion cubic metres with a hydroelectric potential 

of about 30,000 MegaWatt. Currently, only 1.25 percent of the hydroelectric potential is 

utilised (FAO 1996). 

Out of the 3.5 million hectares irrigation potential that the country has, only about 5 

percent has been developed so far (MOA 2000). More than 90 percent of the irrigation 

potential is located in the low land parts of the country. Financial, Environmental, health 

and infrastructure constraints are the reasons for the very low level of development of 

irrigation in the country. 
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2.1.3 Livestock 

The livestock population in Ethiopia is the largest in Africa and ninth in the world. 

According to MEDaC 1999, there were about 33.3 million cattle, 29.8 million sheep and 

20.9 million goats. Livestock is an integral part of crop production in the mixed highland 

farming system. It is complementary to crop production which is the main agricultural 

activity providing almost all the agricultural traction power. Livestock is also the major 

livelihood of the lowland pastoralists. 

Despite the huge size and potential of the · livestock sub-sector, it remains 

underdeveloped. On average it contributes 25-30 percent of agricultural GDP and 12-15 

percent of total GDP. lt provides per-capita consumption of about 8.2 kilograms of meat 

per annum and 16.18 kilograms of milk per year (FAO 1996). The major constraints for 

livestock production and productivity in Ethiopia are poor animal health, poor nutrition 

and low productive indigenous breeds. 

The country's fish resource potential coming from its eight major lakes, three reservoirs 

and numerous rivers has not been fully utilized. Out of the potential 30,000 tons of 

annual fish production that the country's lakes have, only about 4,400 tons (15 percent) is 

produced currently (FAO 1996). 
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2.2 Major Factors that Affect the Development of Agriculture in Ethiopia 

Environmental constraint 

Population pressure coupled with inappropriate land use system has been responsible for 

over-grazing of farmlands, and irrational use of forest resources there by resulting in 

environmental degradation. This has been reflected in the massive soil erosion that has 

taken place with the consequence of serious destruction of the fertile top soils in many 

parts of the country, particularly in the highlands. Heavy rains have also their share in 

this destructive process. The large number of livestock population has also placed undue 

pressure on grazing land. 

Inadequate and erratic rainfall is also another phenomenon constraining agricultural 

development in many drought prone areas, which is usually considered as one of the 

major factors for food shortages in the country. 

Technological constraint 

The Ethiopian agriculture is predorninantly characterized by traditional and subsistence 

farrning system. The larger part of smallholder sub-sector uses backward agricultural 

production technology. The technological constraints emana te from dependence on 

traditional farm tools and farrning practices, low application of modern inputs like 

improved seeds and fertilizers, poor animal breeds and others. 

Infrastructure constraint 

The county's infrastructure capacity to support agriculture in terms of irrigation, roads, 

transport and warehouse facilities, and communication as weil as market has been very 
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poor. The development of adequate infrastructure in the country has been seriously 

impeded by wide topographical variations, severe climatic conditions and widely 

dispersed population particularly in the lowland parts of the country. 

Institutional Constraint 

Developing productive and sustainable agriculture related institutions plays a vital role in 

the transformation of the sector. The sector is however constrained by lack of effective 

institutions that would enhance its transformation. Among the institutional constraints 

that the country has faced, absence of effective rural credit and saving institutions such as 

rural banks as well as marketing institutions, and the prevailing public owned land tenure 

system have been mentioned as the prominent ones (Dessalegn 1999, Sisay Asefa et al 

2002). 

2.3 Agriculture Sector Policy 

2.3.1 Agricultural Research 

Although agriculture is the mainstay of the country's economy, the benefit gained from 

the sector has been much below its potential. One of the main causes for the low 

performance of the sector has been weak agricultural research system and dissemination 

of research output (MEDaC 1999). 

The history of agricultural research in the country dates back to the early 1950s when 

informai agricultural research was started with the establishment of agricultural 

education institutions. The Ethiopian govemment officially established the Institute of 

Agricultural Research (IAR) in 1966. The main objective of the establishment of IAR 
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was to increase productivity of the agricultural sector so that the sector could contribute 

to the overall economie development of the country. 

According to Howard et al (1995) among others, 250 crop varieties (cereals, oil seeds, 

pulses and horticulture crops), 25 farm implements and 16 soil and water conservation 

techniques had been developed by the institute between 1966-1994. However, only less 

than half of the crop varieties were under production. 

The major reasons for the low level of performance were said to be that many varieties 

had been supplanted by higher yielding varieties, others had gone out of production 

because of disease susceptibility, and others had not been adopted due to lack of 

extension, inputs, market opportunities, or other constraints. Sorne of the technologies 

were developed with an inadequate understanding of the farmers demand. Weak 

linkages between the key actors i.e. the researchers, the extension agents and the farmers 

were also among the problems that the sub-sector had faced in the past (Howard et al 

1995). 

There had been no clear agricultural research policy in the country until recently. 

Research activities were conducted by different govemmental and non-govemmental 

organizations. There had been also no coordination of research activities and as a result 

duplication of researches were observed (Webb et al 1992). Further more, crop research 

activities in the past were focussed mainly on cereals (wheat, maize, and tetf) and cash 

crops mainly coffee. 
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With the exception of 'teff.r.', important indigenous crops were given little attention in the 

country's long history of research. In this regard, it is important to mention a crop called 

'enset' which is grown only in Ethiopia and is used as a major source of staple food for 

over 10 million people (one sixth of the country's total population) in the southem and 

south-western part of the country (Brandt, A. S., et al 1997). The crop has high yield, 

which is estimated at 7,414 to 11,950 kg/ha!year (United Nations Emergencies Unit for 

Ethiopia 1997) and it is resistant to drought. Despite all these, the crop is believed to be 

the least studied domesticated crop in Africa. There had been virtually no interest either 

to study orto introduce the crop in the food insecure regions of the country until recently. 

Since the mid of the 1990s however, efforts have been made to restructure and reorganize 

the overall agricultural research system of the country. Important policy measures have 

been made since the mid of 1990s in terms of laying a foundation for improving the 

effectiveness of the country' s agricultural system. A new agricultural research policy has 

been implemented since 1994. The general objectives of the policy are: -

- To develop and adapt agricultural technologies that contribute to food self

sufficiency; 

- To increase agricultural sector productivity in the smallholder sector; 

- To increase the production of import substitution commodities; and 

- To strengthen the national agricultural research capacity 

National Agricultural Research Council has also been formed with the mandate of 

implementing the recently issued agricultural research policy. 

21 



The JAR has been recently reorganized as the Ethiopian Agricultural Research 

Organization (EARO) at federal level. Severa! Regional Agricultural Research 

Institutions (RARis) have been also established based on the new regional administrative 

set up. The RARis conduct researches that address the specifie needs of a particular 

region. 

EARO is responsible among others for generating, improving and adopting of 

technologies and overall coordination of agricultural research activities of regional 

agricultural research institutions and agricultural research activities by higher education 

institutions (MEDaC 1999). 

Many of agriculture related research activities which were carried out under different 

government organizations such as national soil research, fisheries development research, 

national livestock health research and forestry research (all were functioning under the 

Federal Ministry of Agriculture) are now managed by EARO. 

In regard to research on important traditional food crops, encouraging steps have been 

taken since recently among which the establishment of a regional research center for 

basic research on enset crop in the southern part of the country is to be mentioned. 
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2.3.2 Agricultural Extension 

As is the case with agricultural research, agricultural extension service started in Ethiopia 

in the early 1950s. Until the mid of 1990s a number of extension approaches had been 

applied with the goal of improving the livelihood of the smallholder farmers and 

increasing agricultural production. These included comprehensive/intensive extension 

package program, minimum package program and Training and Visit approaches. None 

of the approaches however, had brought significant success in achieving the goal 

(Dejene 1992). 

The comprehensive agricultural extension program which was launched during the 

Feudal land holding system benefited the then landlords and resulted in the eviction of 

tenant farmers as most of the land owners in the program areas opted for large scale 

commercial farming (ibid). The minimum package and the training and visit extension 

approaches were also unsuccessful due to various reasons. Sorne of the reasons include 

the decline of foreign aid to finance the programs because of the socialist ideology that 

the Derg regime had followed and the unfavourable rural development policies. 

Since 1995, the current govemment has been following an agricultural extension system 

known as Participatory Demonstration and Training Extension System (PADETS). This 

approach was launched following the lessons drawn from the Sasakawa-Global 2000 

project successful demonstration of the potentials of the available technologies to 

increase grain production in the country (Howard et al1995) . 
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The system acknowledges package approach as a means for enhancing the desired 

changes in agricultural development. The main focus of this approach has been the 

farmers managed technology evaluation and training plot called as the Extension 

Management Training Plots (EMTPs). Each of these EMTPs is designed to cover 0.25 to 

0.5 hectare on-farm demonstration plots of the major crops like maize, wheat, te.ff, and 

sorghum by using chemical fertilizer and improved seed varieties . The programme, 

which covered 35,000 farmers throughout the country in its initial year, had reached to 

nearly 3 million farmers in 1998/99. 

The above stated extension program has enabled the participating farmers from the 

agricultural potential areas to produce remarkably higher than the national average crop 

yields subject to good weather conditions. As presented in Annexe 3 we observe that 

there has been a relative increase of yield and the volume of fertilizer consumption since 

1995. 

It is however important to note that those who have benefited from the program are the 

relatively better off farmers from the agricultural potential areas. Sorne farmers in the 

drought prone areas, who have been participated in the program however, experienced 

crop failure due to the unfavourable weather conditions and the very low level of soil 

fertility (FAO 2000). 

2.3.3 Land Tenure 

Before the 1974 revolution i.e. during the rule of the monarchy, there had been two types 

of land tenure systems in the country. In the northem part of the country, community 
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based tenure systems where land rights were heritable and were conferred on members of 

a keen group to hold and farrn ancestral land. In the south, land was held by the 

members of the nobility and churches and farmed by sharecropping tenants 

(Subramanian 1998). 

The military govemment (Derg), which seized power between 1974-1991, nationalized 

ail rural lands in 1975 and placed under the state ownership referred to as "The collective 

property of the people." In accordance with the proclamation issued in 1975, a farming 

household was allowed to hold a maximum of 10 hectares of land. The actual average 

size of land that a household had received had been however, much less than the stated 

figure. 

Although the initial implementation of the land reform benefited the mass of the tenant 

farmers and those groups who had been discriminated against using land, the military 

regime moved on to promote collectivisation, forced resettlement, villagization and other 

related poli ci es and programmes which resulted in undermining of the benefits. The sale, 

lease, transfer and inheritance of land were not allowed. Furthermore, the benefits of the 

land reform were subjected to repeated land redistribution that led to diminishing size of 

land holdings and reduced tenure security (Subramanian 1998). 

After the overthrow of the military regime in 1991, the current govemrnent maintained 

the state ownership of land. Farmers have usufruct rights. Short run renting of land by 

farmers is also allowed. There have been redistributions of rural lands with the aim of 
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providing land to the landless and correcting the injustice made under the previous 

government. 

There is an ongoing debate between those who criticize the current land tenure system 

and those who support it. Those who oppose the system argue that tenure insecurity, lack 

of legitimate institutions that would ensure the rights of landholders, discriminatory 

practice in land distribution and discouragement of the mobility of the rural population 

are the problems that have occurred due to the weakness of the prevailing land tenure 

system. They further argue that the system has caused diminishing family holdings and 

pasture, and irreversible land degradation as farmers would be reluctant to invest on the 

land and employ sound land management practices (Dessalegn 1999). Those who 

support the existing policy on the other hand argue that if sale and exchange of rural land 

were allowed, eviction of peasant farmers and emergence of absent landlordism would 

have been the result. 

Note: * teff (Eragrostis te.f) is an ancient food grain of Ethiopia. It is grown mainly as a 
cereal crop and can adapt to both drought and water logged conditions. Teff grain is 
ground into flour, eaten as porridge or used to brew alcoholic beverages. Teffis very 
small in its size, it takes 150 teff grains to weigh as much as one wheat grain. 
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3. LITERA TURE REVIEW 

3.1 Agricultural Production Analysis 

Agriculture is an important sector in most of the Sub-Saharan African countries including 

Ethiopia. It continues to play a leading role in terms of contribution to GDP, 

employment, export earnings and provision of raw materials to the indus trial sector. The 

performance of the sector is influenced by different factors and it is important to study 

and analyse the factors that affect the performance of agricultural output so as to draw 

appropriate policy recommendations for the best performance of the sector. In this 

respect, quantitative as weil as qualitative analysis of the determining factors of 

agricultural production have been made in various forms among which agricultural 

production function is one. 

The analysis of agricultural production function dates back to 1944 with the works of 

Tintner G., O. H. Browmnlee and Heady, E. O. whose studies were based on farm data. 

Following these, the production analysis was extended to caver aggregate data and it 

was possible to undertake analysis by using cross-country data (Mundlak et a/1997) . 

Nelson C. (1998) in his paper 'The Economie Analysis of Agricultural Production' 

underlines that the major objective of production economies is to obtain unbiased 

estimates of important economie parameters, which are defined by theoretical analysis . 

He showed that the parameters play an important role in describing economie effects or 

predicting important economie changes. The important economie effects can also be 

quantified in the form of production function . He further pointed out that the quantified 

economie effects could be used among others, to analyse production supply and input 
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demand, to analyse the production and distributive effects of govemment policies, to 

measure the rate of technical change and productivity growth and to forecast the 

responses of production to govemment policies. 

Nerlove developed a widely applied agricultural supply response model, which states that 

agricultural output is a function of expected priee, output adjustment (lagged output) and 

other exogenous variables (Braulke 1982, Gondoe 1998). The simple model of Nerlove 

consists of three equations. These are: -

Where, 

(1) 

(2) 

(3) 

P*t = p*t-1 + ~ (P t-1 - p* t-1) 

At = At-1 + y(A*t- At-1) 

At = Actual area under cultivation at time t 

A*1 = Desired area under cultivation at time t 

P 1 = Actual priee at time t 

P*1 = Expected priee at time t 

~ and y= Expectation and adjustment coefficients, respectively 

According to the analytical framework of the model, the short-term supply response 

elasticity of agricultural output generally tends to be smaller than the long-term elasticity 

due to the fact that the major factors of production namely land labour and capital are 

fixed in the short-term. The only factors of production that can be changed in the short-
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term are variable inputs such as fertilizer and pesticides. But the variable factors 

contribute small proportion of the agricultural production (Gondoe 1998). 

Mundlak, Y. (1992) acknowledged that in the case of largely subsistence agriculture the 

priee signais to which for agriculture to respond might be few. If farmers have limited 

needs for those goods they cannat produce and limited opportunities for off farm 

employment and markets, it will be difficult to know about potential increases in output 

by observing past behaviour. The influence of relative priees' on farmers' decisions may 

be insignificant because such priees are not relevant to the allocation problems, which 

these farm households resolve. 

This en (1994) developed a supply si de agricultural development madel using a Cobb

Douglas Agricultural production function for developing Africa covering the period 

between 1961-1990. The madel was represented by a production function that depicted 

agricultural output as a function of various inputs. The inputs were divided into two 

categories; inputs used in the traditional agriculture consisting of land and labour, and 

inputs used in modern agriculture such as fertilizers, pesticides, better seeds, mechanical 

equipment, and institutional inputs such as research and educational facilities which 

require the allocation of working capital. 

He applied a step-wise regression analysis so as to identify the major factors that 

influenced agricultural output in developing Africa. The result of the study indicated that 

among the different inputs there existed strong positive correlation between agricultural 

output and labour force, and between agricultural output and land under agriculture. 
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According to the result, 92.6 percent of variations in agricultural output were explained 

by changes in agriculturallabour force and acreage of land under cultivation. 

According to Mundlak, Y. et al (1997), agricultural output depends on inputs, 

agricultural technology and the state of the economy. The inputs include land, capital, 

labour, fertilizer and pesticides. Measures of human capital in the form of Schooling and 

yield of output per unit of land for a given crop were taken as representatives of 

technology. 

They further explained that agricultural productions also depend on the physical 

environment of natural conditions. They used two variables namely Potential Dry Matter 

and Factor of Water Deficit to measure the impact of environment on agricultural 

production. The first variable was designed to capture theoretical potential production 

(i.e., the production of a healthy, green, closed, standard crop, well supplied with 

nutrients, oxygen, water and foothold). The variable referred as Factor of Water Deficit 

was used to measure relative availability of moisture and it was expected to have positive 

correlation with productivity. 

Mundlak, Y. (1992) further detailed out in a separate paper that aggregate production 

depends on the state variables that were classified into four groups: constraints, 

incentives, available technology and environment. The constraints are the level and 

composition of capital stock while the incentives usually expressed in the form of priees, 

determine the relative profitability as well as the risk of applying different production 

techniques. The variable available technology being an abstract rather than an 
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observable quantity such as consequences of major inventions like high yielding crop 

varieties was represented by time trend. The variable environment was divided into two: 

one representing the physical environment variables such as rainfall, temperatures, length 

of growing seasons and type of soils, and the other representing the institutional 

environment. 

Drought has been severely affecting most of the Sub Saharan African countries 

particularity Ethiopia for decades . The impacts of drought can be generalized as 

economie, environmental and social. Among the direct impacts of drought on crop 

production; annual and perennial crop lasses, damage to crop quality, reduced 

productivity of cropland (wind erosion, etc), and insect infestation are to be mentioned. 

Though drought is not the only climatic factor that can induce production shortfalls in 

Ethiopia, it is the most important climate-related determinant of crop production. Other 

factors that affect crop production include frost, hail and floods (Webb et al). 

Another important physical environmental variable that affect agricultural output and 

yield is land degradation. 1t was estimated that yield loss due to soil degradation in Sub

Saharan Africa ranges from modest levels of 2 percent decline over severa! decades to 50 

percent, depending on crop, soil type, and production systems (Scherr 1999). 

A literature review by Scherr ( 1999) found th at, Ethiopia was one of the 13 Sub-Saharan 

African countries that suffered from serious land degradation. It was estimated that 

Ethiopia was one of those countries where irreversible soil productivity lasses of at least 

20 percent had occurred in their large parts of land area due to soil erosion over the past 
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century. Cumulative crop yield reductions due to past erosion in the whole of Africa were 

estimated to range from 2 percent to 40 percent across countries (Scherr et al1996). 

Rosegrant, M.W., et al (1997) further asserted that degradation of agriculturalland is a 

problem in many parts of the world with sorne areas like the Sub-Saharan Africa under 

severe risk. Targeting high-risk zones and allocating public investments in research, 

technology development, extension services, and rural infrastructure development were 

considered as a necessity to stabilise or reverse land degradation. 

Producer priees of agricultural output are generally considered as one of the factors that 

influence the level of production at a given period. According to Islam (1988), the higher 

the rate of growth in marketable surplus of agricultural output in relation to effective 

demand, the greater will be the decline in the relative priee, and this will eventually lead 

to discourage production (lslam1988). 

V arious studies have been carried out to identify the deterrnining factors of agricultural 

production (supply response) in Sub-Saharan Africa at country, sub regional and regional 

levels. Most of the studies focused on the effects of the various policy reforms that have 

been made in the 1980s and 1990s in the sub continent. Summaries of selected study 

results are presented below. 

Odhiambo (1997) carried out an empirical analysis on agricultural production in Kenya 

and identified the relative importance of priee and non-priee factors in deterrnining 

production and productivity. He developed three models namely the aggregate 
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agricultural sector madel, the export crops sub-model and the industrial crops sub-model 

so as to know the effects of different explanatory variables in the models. 

In estimating the aggregate agricultural sector madel, the overall agricultural production 

expressed in monetary terms was taken as the dependent variable. The explanatory 

variables that were incorporated in the madel include, cultivated agricultural land area, 

agricultural labour force, weather, working capital expressed in the form of agricultural 

credit, producers priees and population growth rate. 

The estimated result of the madel showed that among the exogenous variables, the 

weather variable represented by annual rainfall and working capital had strong 

correlation and were statistically significant in explaining the change in agricultural 

productivity and growth. On the other hand, the producers' priees were found to be 

statistically insignificant in explaining the variation in aggregate agricultural output with 

coefficient of 0.12 and t-statistics value of 1.17 

Seppala (1997) found that on the aggregate, the marketing reforms that had been 

implemented in Sub-Saharan Africa had no significant effect on food production. He 

demonstrated that there were variations in food production performance between 

countries with sirnilar policy reforms. The differences were mainly attributed among 

others to the different levels of food self-sufficiency and the extent of drought between 

countries. According to the researcher, the fact that the bulk of food crops were 

consumed on the farm, changes in priees did not have significant effect on food 

production. 

33 



Amin (1999) carried out a study on the supply response of Cameron's export crops 

namely coffee, cocoa and cotton since the implementation of the structural adjustment 

program in the country. He used a supply model derived from a profit maxirnization 

problem. The independent variables considered in estimating supply response equations 

were, own priee of each product, priee of competitive product, priee of inputs, wage rate, 

govemment expenditure on agriculture, real exchange rate, weather variable represented 

by rainfall, lagged out put of the product and dummy variable representing policy 

changes. The equations were estimated in the log forms. The result revealed that the own 

priee elasticity of each crop was positive and significant. 

Mckay et al (1998) conducted empirical study on aggregate export and food crops supply 

response in Tanzania. The study was aimed at assessing the impacts of agricultural 

liberalization on output by exarnining the supply response of agricultural output to priee 

incentives in Tanzania. Error Correction and Cointegration Models were used in order to 

estimate the supply response functions. Three equations were estimated. One for per

capita production of food crops, another for export crops and the third one for the 

aggregate of the two. 

While estimating the supply response of per-capita production of food crops, the 

explanatory variables considered were: the lagged quantity of food crops production, 

producers' priees of food crops, producers' priees of export crops (altematively relative 

priees) and trend. 
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The researchers found that food crops producers responded more to the relative priees 

th an to own priees in the long run. According to the result, a 10 percent increase in the 

relative priee of food crops willlead to a 3.9 percent increase in per-capita production of 

food crops in the short run and 9.2 percent in the long run. 

The study had however limitations in estimating the equations. The subsistence 

production and consumption of food crops was not included in the analysis. It was only 

the marketed surplus that was considered as production or supply. Non-priee factors that 

influence the level of production such as weather, inputs and institutional factors were 

also not included in the study. 

Sisay Asefa et al (2002) carried out empirical analysis of the determinants of the 

production of cereal crops in seven provinces of Ethiopia. The provinces were Arssi, 

Gojjam, Gonder, Harer, Jima, Sidamo, and Wello. They used time series yield data and 

available information inputs for the seven provinces and four crops (teff, wheat, barely 

and maize). They estimated production function specified by the following regression 

equation: 

r;t = L?{) + L<J. Rainit + œ2Fertilizerit + L~ Oxe~t + œ4 Laborit + <''f 

i = l, ..... ,N and t = l , ..... ,T 

Where the dependent variable Y1 represented crop yield, i referred to the provinces for 

which data was available and t stood for the time period between 1980 and 1995. The 

exogenous variables included in the equation were rainfall (Rainit), fertilizer consumption 

(Fertilizeri1), draft oxen used by farmers in each province (Oxenit) and labour measured 

by the number of active labour force in a province (Labouritl· The regression results of 

the production function for each region are presented below. 
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Production Determinants of yield by provinces* 

Cereals Teff Wheat Barley Ma ize 

Ra in 
Rainfall 

Ars si Oxen Fertilizer - Fertilizer 
Fertilizer 

Oxen 
Oxen Ra in 

Gojjam - Oxen -
La bor La bor 

Ra in Rainfall 
Gonder Ra in - -

La bor oxen 
Fertilizer 

Fertilizer 
Ha rer Oxen - - Oxen 

Oxen 
La bor 

Jima Fertilizer - - - Oxen 

Sida ma Fertilizer Fertilizer Fertilizer Fertilizer -

Ra in Ra in 
Wello - La bor Oxen 

La bor La bor 

* Ali the determinants indicated in the table were significant at the conventional levels. 

Source: Sisay Asefa et al (2002) 

The result of the regression analysis showed that the determinants of crop yield differ 

bath by province and by crop. Fertilizer was the major determining factor in three of the 

provinces namely Arssi, Harar and Sidamo, whereas labour was the major constraint in 

Gojjam and Wello. In the remaining two provinces rainfall became the major 

determinant or constraint of cereal production (Sisay et al 2002). The varying 

determinants of cereal production among the regions imply that it is more appropriate to 

develop and implement region specifie strategies based on the constraints and 

opportunities of each region. 
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3.2 Food Security and Food Self-Sufficiency 

Food security as defined by F AO is "to ens ure that all people at all times have both 

physical and economie access to the basic food they need" (Tapsoba 1990). It involves 

two essential elements: the availability of food and the ability to acquire it. 

On the other hand, food insecurity can be defined as the failure to access sufficient food. 

This can be chronic or transitory. When individuals or groups of people are affected all 

the times by food insecurity, th en it means that they are suffering from chronic food 

insecurity. On the other hand, transitory food insecurity occurs when households are 

faced with a temporary decline in access to food (FAO 1997). 

According to Pinstrup, A. P., et al, (1999), food security is assurance of each and every 

individual 's access to food required for an active and healthy life. This entails the 

availability of adequate food and access to it by all individuals in a household, region or a 

nation. A vailability of food does not necessarily guarantee access to it, but access to 

food is possible only if it is available. On the other hand food production, stock holding 

and trade determine the availability of food at different levels . Further more, the national 

access to food from international market is determined by the availability of adequate 

foreign exchange to purchase it and its priee. 

An intergovernmental-agency task force on food security in the horn of Africa formed 

under the auspices of UNDP had conducted a study on food insecurity and its causes in 

the region. Seven countries were covered in the study namely Ethiopia, Djibouti, 
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Eritrea, Kenya, Somalia, Sudan and Uganda. The study estimated that nearly 70 million 

people in the region or 45 percent of the total population were living in the state of 

chronic food insecurity in the year 1999/2000 (UN Inter-Agency Task Force on Food 

Security in the Hom of Africa 2001). According to the study, the countries of the region 

did not have enough food to caver the minimum average dietary requirement even in 

normal years. 

The main categories of the food insecure people in the region were found to be small

scale resource poor rural farmers, pastoralists and agro-pastoralists in arid and semi-arid 

areas and the urban poor. The study identified that the underlying causes of long-term 

food insecurity in the region were a combination of different factors. These include: -

-The high risk of natural hazards, particularly drought, due to the fact that rainfall 

is unreliable and unevenly distributed. 

- The aridity of much part of the region; 

-Widespread regional and local conflicts which drive people from their homes, 

disrupt marketing and distribution systems, and divert scarce resources to arms 

and other military expenses and 

-High rate of population growth and poverty. 

The study also asserted that many of the causes of food insecurity were observed in rural 

areas of the region where 80 percent of the population and most of the food insecure 

were found. Fragile and degraded resource base, traditional way of farming practice 

characterized by very low level of productivity, very limited (only 1 percent of cultivable 
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land) irrigation practice, limited access to technology and markets were identified as the 

factors that underrnined the capacity of the rural people to feed themselves or to acquire 

their food needs. 

All forms of food insecurity are endemie in Ethiopia, affecting millions of people every 

year. The main causes for transitory food insecurity in the country are drought and war; 

whereas fragile natural resource base, weak institutions, inconsistent government policies 

and poverty are the causes for chronic food insecurity (Devereux 2000). 

The concept of food self-sufficiency is generally accepted to mean increasing domestic 

food production to meet domestic consumption demand (Tapsoba 1990). In other words 

it refers to the extent to which a country can supply its food needs from its own 

production (FAO 1997). 

The International Institute of Labour Studies put food self-sufficiency to denote both a 

state and a process. Accordingly, for a country to achieve food self-sufficiency, it has to 

fulfil among others the following characteristics in the area of food: 

- Its balance of trade m food products should be positive or at least in 

equilibrium; 

- Changes in the nutritional pattern of the country should depend mainly on 

internai factors; 

- A safety margin in respect of food should be maintained by adequate stock 

(International Institute for Labour Studies 1984). 
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Food self-sufficiency has been one of the major development objectives of "African 

countries since the Lagos Plan of Action in 1980. There is a debate between economists 

on whether it is beneficiai for a country to consider food self-sufficiency as a 

development objective or to follow the law of the market, (which incorporates 

international specialization and comparative advantage) and develop international 

specialization both within agriculture and other sectors of the economy (FAO 1997). 

Those who believe self-sufficiency in food production is more beneficiai argue that the 

exports of many food insecure developing countries, particularly those of the Sub

Saharan Africa, depend on agricultural products and are subject to wildly fluctuating 

export earnings. Thus, far from improving their food security situation, they face 

problem of developing sustainable sectoral and national development plans and import 

plans (ibid) . 

Another important argument for greater emphasis on food self-sufficiency is that if a 

country cannat easily purchase its major staple food from international market such as 

teff and enset in the case of Ethiopia, emphasis should be given to food self-sufficiency. 

Pearce (1990) argued that for many countries in Sub-Saharan Africa, concentrating more 

effort on the research and production of traditional food crops, particularly on starchy 

staples would ~olve the widening gap between domestic production and food imports. 

He pointed out that many countries followed policies that have worsened rather than 
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narrowed the gap between food demand and domestic production by focusing on cereals 

production. 

According to his argument, the traditional food crops received little attention in terms of 

resource allocation and formulation of coherent policy framework. He identified sorne of 

the reasons for the neglect of traditional food crops in the region. These include the 

focus of international research institutions on improvements in cereal varieties and the 

ideological bias against the traditional food crops. 

The ideological bias refers to the perception of the traditional food crops as low-status 

food by the elites. He further claimed that those who were involved in formulating and 

shaping food policies did not consume these foods themselves and had little or no interest 

in their potential for meeting food requirements. 
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4. METHODOLOGY AND MODEL SPECIFICATION 

4.1 Methodology 

The study has been conducted based on econometrie analysis of empirical data related to 

the production of major food crops and its determinants. Qualitative analysis of other 

factors that do not have quantitative data has also been made in arder to draw a 

comprehensive picture of the factors that influence major food crops production and land 

producti vit y. 

The empirical study has been carried out by applying an econometrie madel to analyse 

time series data related to food crop output and average land productivity, and their 

determinants. The models that have been developed in the study are adopted from the 

output supply function of Amin (1999) which was used to estimate the output supply 

elasticity of Cameroon's export crops and Simwaka' s maize supply response function in 

Malawi (Simwaka 1998). 

Two equations, one for the per-capita production of major food crops and another for the 

average productivity of harvested land area have been estimated. Per-capita production of 

major food crops function has been chosen because it takes into account the population 

growth factor. It also indicates the extent to which the country has satisfied domestic 

grain needs from own production. The equations have been estimated using the Eagle

Granger two steps co integration and error correction procedures. 
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4.3 Model Specification 

4.3.1 General 

The main factors of agricultural production, namely land, labour and capital, which are 

commonly used in agricultural production analysis, are included in the models. Harvested 

land area of major food crops, the agricultural labour force, and annual total fertilizer 

consumption are used to represent land labour and capital respectively. 

In addition to the above variables, other factors which are believed to have influence in 

determining the per-capita production and average productivity of major food crops are 

incorporated. Accordingly, a dummy variable representing drought is included in the 

model due to the fact that the country has been affected by recurrent drought for the past 

three decades. The producers ' priee of major food crops is also included in the model so 

as to know whether the variable has important impact on production and productivity as 

it has been stated in theory and other empirical studies. 

A dummy variable, representing the policy changes that have been made since 1992, i.e. 

after the fall of the previous govemment, is also included in order to know whether or not 

the policies have impacted major changes in terms of per-capita production and average 

yield increase. The influences of other variables on per-capita production and average 

productivity of major food crops such as population pressure and soil degradation are 

assumed to be reflected in the variables included in our model. 
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4.3.2 Sources of Data and Limitations 

The study used both published and unpublished data from Ethiopia and International 

sources. Time series data covering the period 1970-1999 were used in the empirical 

analysis part of the study. 

The types of data that have been used in the study and their sources are presented as 

follows. 

Harvested Land Area and Production of Major Food Crops. Data on the harvested land 

area and the corresponding annual production of major food crops were obtained from 

the FAO Statistical Data Sheet, Ethiopia's Central statistical Authority (CSA) and the 

Ministry of Economie Development and Cooperation (MEDaC). 

Population. In order to calculate the per-capita production of major food crops, 

population data was used from FAO statistical Data Sheet. 

Fertilizer Consumption. Data on annual fertilizer consumption were obtained from FAO 

Statistical Data Sheet, MEDaC and CSA various Issues. 

Nominal Producer priees. Data on producer priees of individual crops was drawn from 

FAO Statistical Data Sheet and from The United States Aid for Development 

(USAID's)Africa Statistical Data Sheet. The sum of relative producers' priees of 

individual major food crops was taken to represent the aggregate producer priees of 

major food crops. The ratio of the total value of individual crops produced each year to 
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the aggregate production of major food crops was taken to represent relative priee of 

each crop. 

Drought. Information on the prevalence of drought in the country during the period 

under review was obtained from the WB report "Africa Development Indicators 2001." 

and Webb et al (1992). 

lt has to be noted however, that: 

- The problem of poor database, which is the case in many of the African countries, does 

also apply for Ethiopia. 

- Interpretations of the findings of the study and the recommendations made are based on 

the analysis of the aggregate data at national level. The study therefore doesn't caver 

analysis of individual major food crops that could have varying results. 

- There are variations among different regions within the country in terms of agricultural 

potential and environmental degradation, level of infrastructure, population distribution, 

etc.; thus, the obtained results and the recommendations made in this study may not 

apply equally for all regions. 

4.3.3 The Model 

The madel we develop here is adopted from Amin's (1999) madel on the Cameroon's 

export crops. We therefore, generalize that the level of agricultural output (Y) of a 

profit-maximizing unit at a given time is determined by the use of various inputs X. The 

production function can thus be presented in the following form. 
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(1) 

Where e represents environmental variables 

1t is assumed that equation (1) has non-zero first and second order partial derivatives; 

where the partial derivatives with respect to output are positive, and that of the inputs are 

negative. 

The profit of the unit (Il) which is defined here as the difference between total revenue 

(p. y) and expenditure (g.x), where pis the priee of the output and Y is the quantity of the 

output, g is the priee of the input and x is the quantity of the input, with n inputs 

n 

'TC PY- L gixi (2) 
i=l 

Equation (2) can be presented in the following formas: 

a revenue function: py = pf (x) = R(px) 

and an outlay function: 

The profit maxirnization problem is therefore written as: 

Max R(px)- L(g,x) 

After setting the partial derivatives of the profit function with respect to each input 

quantities equal to zero from the first order conditions, we get: 

dr(px)/dxi = dl(g,x)/ dxi (3) 

where dR(px)/dxi is the priee of the output multiplied by the marginal product of 

respective input and dl(g,x)/ dxi is the priee of the respective input. 

The first order profit maxirnization condition can be expressed as follows; 

P.MP(x) = gi with i = 1 .... n (4) 
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Where MP(x) is the marginal product of x and P.MP(x) is the value of the marginal 

product (VMP). We can write Equation (4) as: 

VMP(x,p) = g 

The value of marginal product should equal to the priee of its input. 

The input demand function will theo be; 

X= d(p, gb .. . gn) 

(5) 

(6) 

We can substitute the input demand function into the production function to obtain the 

optimal output. Output is a function of input priees (g) and output priee (p ). 

y= f(d1 (p,g), .. . dn(p,g) = S(p,g) 

y = S(p,g) 

The output supply function of equation (8) can theo be written as 

Y = f (LA, Fer, Pt-t, LF, Dt, D2 Ut) 

(+) (+) (+) (+) (+) (-) 

(7) 

(8) 

(9) 

Where Y = Total production of major food crops (cereals, pulses and oil crops) is the 

dependent variable. 

LA = Total land area under cultivation of major food crops 

Fer = Fertilizer utilization 

Pt-t =Nominal producer priee of major food crops at time t-1 

LF = Agriculturallabour force 

Dt = Dummy representing policy changes since 1992 

D2 = Dummy variable representing drought 

N.B: The sign under each explanatory variable indicates the expected relation with the 

dependent variable. 
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The response functions for per-capita output of major food crops and Productivity of 

harvested land are presented as follows: 

A) Per-Capita production of Major Food Crops Function 

(+) (+) (+) (+) (+) (-) 

Where PCPYr = Per-capita production of major food crops at time t 

LAt = Total harvested land area of major food crops at time t 

LFt = The size of agriculturallabour force at time t 

Ur = error term 

t = period, and t-1 is period lagged by one year 

In the log linear form the function will be; 

(10) 

LnPCPYt = bo + btlnLAt + b2lnLFt + b3lnFert + b4lnPt-l + bsDu + b6D2 t +Ut (11) 

Where, Ln= Natural Logarithm 

B) Average Land Productivity (yield per unit of harvested area) of Major food Crops 

Function 

(12) 

(+) (+) (+) (+) (+) (-) 

Where,LANPRO =Average land productivity (yield per unit of harvested area) 

In the log linear form the function will be: 

lnLANPROt= c0 + c1InLAt+ c2lnLFt + c3lnFert + c4lnPt-l + csDu + c6D2t +Ut (13) 
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5. EMPIRICAL RESULTS AND THEIR INTERPRETATION 

5.1 Model Estimations and Results 

5.1.1 General Presentation 

The data used in the analysis range from 1970-1999. The regressions in both functions 

have been estimated in log forms. Renee the parameters of the independent variables 

excluding the dummy variables are interpreted as elasticities. 

In order to verify the stationarity of the data series and existence of cointegration among 

the variables, the Philip-Perron Unit Root Test and the Engle -Granger method of Error 

Correction Mechanisms have been applied. 

The data series except the dummy variable that represent drought are stationary at first 

difference. It has been possible therefore, to test the cointegration hypothesis using 

Engle-Granger method, which requires the same order of integration of variables. By 

using the Eagle-Granger approach, we found that the residual series of the equations are 

stationary at level. Thus this result has confirmed the existence of cointegration among 

the variables. When estimating the equations, Auto-regressive correction schemes AR 

(1) and AR (2) have been applied so asto improve the results. 

The short-run and long run behaviours of the models have been established by applying 

the above-mentioned cointegration and error correction mechanisms. The results are 

presented in annexes 4-7. The error correction models presented in annexes 5 and 7 

show that the coefficients of the lagged residuals in both equations are negative with 

significant t-statistic values of (-3.31) and (-3.5) and probabilities of (Prob 0.0039) and 
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(Prob 0.0022) respectively. These results confirm therefore, the validity of the error 

correction mechanism, which requires the error correction coefficient to be negative and 

significantly different from zero. 

Although there are few independent variables that are insignificant in explaining the 

variations in per-capita production and average land productivity of major food crops, the 

relatively high values of R2 and adjusted R2 in both equations indicate the goodness of fit 

of the equations. Accordingly, 79 percent of variations in per-capita production of major 

food crops and 73 percent of variations in average productivity of harvested land area are 

explained by the exogenous variables included in the equations. 

The standard errors in both equations, which are used as a surnmary measure of 

prediction errors, are small and these indicate that the equations are acceptable. 

5.1.2 Results 

Per-capita production of major food crops fonction 

LnPCPY=l0.099 + 0.614lnLA- 0.9411nALF + 0.119lnFER- 0.0827lnPR(-1) - 0.0930,-0.16902 (14) 

(0.97) (3.3) (-1.45) (1 .65) (-0.629) (-1.05) (-4.43) 

R2 

F-Statistic 

S.E. of Regression 

= 0.79 

= 8.52 

=0.09 

Adjusted R2 = 0.7 

Prob (F-Stat) =0.000089 

number of observations =29 
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Average productivity of harvested land area function 

lnLANPRO = 4.658- 0.319lnLA + 0.094lnALF + 0.118lnFER- 0.072lnPR(-1) --0.014D 1- 0.164D2 (15) 

(0.53) (-2.506) (0.171) (1.944) (-0.812) (-0.198) (-4.325) 

Rz 

F-Statistic 

= 0.73 

S.E. of Regression 

= 9.91 

=0.09 

Adjusted R2 

Prob(F-Stat) 

= 0.66 

=0.000025 

number of observations=29 

5.2 Diagnostic test Results and their Interpretation 

The diagnostic test results presented in Annexe 8 and 12 validate the proper specification 

of the equations. The Breush-Godfrey Seriai Correlation LM Test result confirms the 

non-existence of autocorrelation of errors in the models. The White Heteroskedasticiy 

Test result shows that there is homoskedasticity of errors in the models . The Ramsey 

RESET test results confirm the minimization of specification errors in the models 

whereas the Chow Forecast Test result proves that the models can be used for inferring or 

forecasting purpose. Madel specification error may occur because of omitted variables; 

incorrect functional form of an equation; and correlation between the explanatory 

variables and the disturbance term. 

Furthermore, the mean absolute percentage error and the Theil inequality coefficients 

(both of which are doser to zero) indicated in Annexes 9 and 13 confirm that the models 

are good for forecasting. The plots that indicate trends, actual and the fitted values of the 

models presented in Annexes 10 and 14 v ali date that the estimated results of the models 

are good. The covariance matrix of the regressors presented in Annexes 11 and 16 show 
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that the variances between the variables are close to zero. This confirms that the models 

are good. The CUSUM and CUSUM Squares Test results presented in Annexe 15 

validate that the average land productivity modelisa good model. 

5.3 Interpretation of Coefficient Results 

5.3.1 General 

From the results of the two equations above (equations14 & 15), the following general 

observations can be made: 

• Among the hypothesis that were set to be tested by the study; we have confirmed 

that there is a direct correlation between per-capita production of major food 

crops and harvested land area. The other two hypothesis i.e.; the positive 

correlation between average land productivity and producer priees lagged one 

year, and the direct influence of the various policy measures that have been 

undertaken since 1992 on per-capita production and productivity of major food 

crops have been rejected. Details of the possible reasons for these results are 

discussed in the next section. 

• It has been observed that in the equations, drought, harvested land area and 

fertilizer consomption have significant influence in explaining variations in per

capita production of major food crops. On the other hand the agriculturallabour 

force represented by the economically active labour in rural Ethiopia, producer 

priees of major food crops as well as the policy changes are found to be 

insignificant in explaining the changes in per-capita production and average 

productivity of majoF food crops in the country. 
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5.3.2 Per-Capita Production of Major Food Crops Model 

Harvested Land Area (lnLA) (equation 14) 

The coefficient of the harvested land area has the expected sign and is statistically 

significant with t-statistics 3.25. The coefficient (0.61), which is also elasticity, is high 

compared with the coefficients of the other significant variables. This signifies that in 

Ethiopia, much of the variation in the production of food crops is due to a change in the 

volume of harvested land area (Dercon 2000). 

According to the result, a 10 percent increase in harvested land area of major food crops 

will lead to a 6.1 percent increase in per-capita production of major food crops. This 

relatively low elasticity could be due to the overall high rate of population growth 

compared with the rate of growth of harvested land area and the generally low level of 

productivity of harvested land area and low level of utilization of productive inputs such 

as fertilizer. The alarming rate of land degradation mainly expressed in the form of soil 

erosion and erratic rainfall are the major causes for the overall low level of land 

productivity in the country. 

Agricultural Labour Force (lnALF) (equation 14) 

The result indicates that the agricultural labour force that has been represented by the 

number of economically active rural population is relatively insignificant in explaining 

the variation in the dependent variable, which is expressed by the low t-statistic value 

(-1.44). 
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The expected direct relationship between per-capita production of major food crops and 

agricultural labour force has not been retained in the result. This could be associated 

with the overall low level of land and labour productivity, and the concentration of 

surplus labour in rural areas due to lack of urban employment opportunities. The 

economically active population in rural areas is not fully engaged in agricultural 

activities mainly due to labour under employment in agriculture. Drought could also be 

the reason for agricultural labour under employment and unemployment and hence low 

level of per-capita food production in the country. 

Fertiliser Consumption (lnFER) (equation 14) 

The result shows that there is positive correlation between per-capita production of major 

food crops and fertilizer consumption as expected. According to the result in the long 

run, a 10 percent increase in fertilizer consumption will bring about 1.2 percent increases 

in per-capita food production. 

The coefficient, which explains the level of elasticity, is very small. The t-statistic value 

of the coefficient is also low compared to that of the harvested land area and drought. 

The highly inelastic nature of fertilizer consumption could be on the one hand due to the 

problem of allocative and technical inefficiencies and on the other hand due to the very 

low level of fertilizer consumption per unit of harvested land area. 

Allocative inefficiency may arise if farmers do not properly apply the recornmended rate 

of fertilizer per unit of harvested land area while technical inefficiency could exist if 

farmers utilise inappropriate types of fertilizer or do not apply it at the right time. 1t is a 

cornmon feature in Ethiopia that farmers try to allocate/apply the small volume of 
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fertilizer that they have managed to acquire to the whole of their cultivated land area 

irrespective of the recommended rate. One study revealed that in Arssi region, which is 

one of the surplus producing regions of the country, 80 percent of farmers who had 

participated in wheat variety demonstrations between 1975-84 applied fertilizer in their 

farm but most used less than the recommended rate (Howard et al 1995). The 

dependence of Ethiopian agriculture on rainfall and the variation of rainfall in volume 

and its distribution in terms of time and space as well as the prevalence of cyclical 

drought could also be among the factors that constrain the impact of fertiliser on 

production and productivity of major food crops. 

Producers' Priees (lnPR (-1)) (equation 14) 

According to the result, the variable does not have significant influence on the per-capita 

production of major food crops (probability 0.54). 

The insignificant relationship between output priees of major food crops and per-capita 

production of major food crops could be due to the fact that the larger proportion of the 

food crops is produced for own consumption by the smallholder peasant farmers . In the 

country it was estimated that producers themselves consumed over 80 percent of food 

grain output. 

Simwaka (1998) found similar result where the influence of the producer priee of maize 

in Malawi on production and productivity of maize was insignificant. The market 

liberalization policies that have been implemented in the Hom of Africa countries 

benefited only the few who have access to good land irrigation and markets while it has 
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by-passed the resource-poor farmers and those in low potential and remote areas (UN 

Inter-Agency Task Force on Food Security in the Hom of Africa 2001). 

Although the proportion of marketable surplus out of the total food crop production in 

Ethiopia is small, it has been quite apparent that in good weather years farmers who 

produced surplus, from the relatively high agricultural potential areas have suffered from 

a very low level of output priees to the extent that they could not cover their production 

cost (Dechassa 2001). 

Po licy Changes (D1) (equation 14) 

It was expected that the policy measures that have been undertaken since the current 

government come to power would have a positive impact on production and productivity 

of major food crops. Most of the inappropriate policies that were implemented by the 

previous regime such as forced collectivisation, forced resettlement, forced delivery of 

grain by peasant farmers to the then govemment marketing board with a fixed priee 

lower than the market value etc.; have been abolished and market oriented economie 

policies have been introduced by the current govemment. The result however, showed 

the absence of significant correlation between the variables. 

The favourable macro as well as micro level policy measures may have been undermined 

by the negative factors that have been contributing to the decline of per-capita production 

and productivity of major food crops such as drought, population pressure and soil 

erosion. 
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Drought (Dû (equation 14) 

The expected negative and significant correlation between the drought variable and per

capita production of major food crops has been confirmed in the result. This clearly 

shows the vulnerability of Ethiopia's agriculture to the prevailing recurrent drought and 

its adverse effect on food security. 

According to Simwaka (1998) the coefficients of the drought/weather variables presented 

in the form of dummy can be interpreted as the proportion of reduction of crop 

production due to drought in drought years. Renee the coefficient, which is 

( -0.17) denotes that drought years on average reduce per-capita production of major 

food crops by 17 percent. 

5.3.3 A vera ge Land Productivity Model 

Harvested Land Area (lnLA) (equation 15) 

The result shows that harvested land area is negatively related to average land 

productivity. The reasons for the negative correlation between average land productivity 

and harvested land area could be that in the low agricultural potential parts of the country 

where soil erosion, recurrent drought and population pressure are prevalent; increase in 

harvested land area (that might be possible by bringing marginal lands into cultivation) 

could reduce the average productivity of land. 

The falling of crop yield that characterizes the marginal areas are the results of the loss of 

enormous quantities of top soil, declining soil fertility as fallow systems are replaced by 
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continuous cultivation and shrinking land holding sizes (UN Inter-Agency Task Force on 

Food Security in the Horn of Africa 2001). 

Agricultural Labour Force (lnALF) (equation 15) 

The coefficient of the variable has insignificant t-statistics (0.17). This shows that, 

agricultural labour force does not explain variation in the average productivity of 

harvested land area. The possible reasons for this result could be the existence of high 

rural unemployment and under employment and the overalllow level of land and labour 

productivity. Recurrent drought could also be the reason for agricultural labour under 

employment and unemployment in the country. 

Fertilizer (lnFER) (equation 15) 

Fertilizer is the only relatively significant variable with positive coefficient. It has a 

coefficient of (0.12) and t-statistics (1.94). According to the result, a 10 percent increase 

in fertilizer consumption will bring 1.2 percent increase in average productivity of 

harvested land area. This shows that average productivity of land is highly inelastic with 

respect to fertilizer consumption. The reasons for this inelasticity could be: -

-The low lev el of fertilizer consumption per hectare in the country would underrnine the 

impact of fertilizer on the total production and harvested land area, 

-The allocative and technical inefficiencies that would arise in utilisation of fertilizer 

could also lirnit its impact on average land productivity. 
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Producers Priees (lnPR (-1)) (equation 15) 

As it was the case in the per-capita production of major food crops, the variable has 

insignificant t-statistic (-0.81). The result thus rejected our assumption that farrners tend 

to increase the productivity of their harvested land area following an increase in the priee 

of crop outputs. The possible reasons for this result are sirnilar to what has been 

explained in the preceding madel. 

Policy Change (D1) and Drought (Dû (equation 15) 

The influences of the policy and drought variables on average productivity of harvested 

land area are the same as in the per-capita production of major food crops. Hence the 

explanations made in the preceding section are also valid for average productivity of 

harvested land area function. 
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6. CONCLUSION, POLICY IMPLICATIONS AND RECOMMENDATION 

6.1 Summary 

The fact that over 80 percent of the population in the country is living in rural areas, 

more than 90 percent of the rural population is engaged in food crops production and 

over 60 percent of the agricultural output cornes from the crop sub-sector indicates the 

importance of crop production in the country. This implies that increasing production 

and productivity of food crops will not only enable the country to reduce the gap between 

domestic food supply and requirement but also significantly contribute to the overall 

socio-econornic development. 

Both quantitative and qualitative analysis of the various factors that affect agricultural 

production in general and the production of major food crops in particular have been 

made. The study revealed that the general factors that are affecting the development of 

agriculture in Ethiopia are environmental, technological, infrastructure and institutional. 

The empirical results showed that the major deterrnining factors of per-capita production 

and average land productivity of major food crops in Ethiopia are drought, harvested land 

area and fertilizer consumption. Besides these, based on the qualitative analysis of the 

study, we believe that factors that couldn't be captured quantitatively such as 

environmental degradation expressed in the form of soil erosion and declining soil 

fertility, internai civil unrest and population pressure have had profound negative impact 

on the per-capita production and average land productivity of major food crops. 

On the other hand, the other factors that were included in our quantitative analysis, 

namely agricultural labour force, producers' priees and the recent government policy 
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changes are found to be insignificant in explaining the variations in per-capita production 

and average land productivity of major food crops. 

The findings obtained from the study have therefore, sorne policy implications for the 

agricultural sector growth in general and the growth of the food crops sub-sector in 

particular. 

6.2 Policy Implications 

• It has been observed from the empirical analysis that there is a strong relationship 

between harvested land area and per-capita production of major food crops. 

Though there is strong correlation between the two variables, it is not desirable to 

consider expanding land area as a strategy to increase production in the short to 

medium term by maintaining the currently cultivated land. This is because there 

are highly degraded, steep sloppy, drought prone and densely populated areas that 

are being cultivated despite the low level of production and productivity. 

This implies that the short to medium-term strategy to boast production and food 

security in the country should be discontinuing cultivation of the above

mentioned areas and developing new areas in the agricultural potential zones 

rather than expanding agriculturalland in aggregate terms. 

• The highly inelastic nature of land productivity with respect to chernical fertilizer 

utilization does not imply that fertilizer utilization will not have a major positive 

impact on productivity if properly applied. It rather demonstrates the very low 
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level of overall fertilizer utilization in the country compared to the total land area 

under cultivation. 

The average annual fertilizer utilization in the country for the last three decades 

until the end of 1999 had been only about 12.5 kilograms per hectare of cultivated 

land. This implies that there is considerable potential for increasing food crop 

production through land intensification by increasing the overall fertiliser 

consumption through expansion of the current extension packages and reduction 

of fertilizer costs by producing the input domestically. 

• The govemment has for the last decade undertaken different favourable macro

economie and sectoral policy measures that would encourage the development of 

agriculture in general and crop production and productivity in particular. But 

there are other policy issues that rnight have counteracted the govemment's effort 

to boost production and productivity such as the state ownership of land. The 

result of the empirical analysis showed that the correlation between the recent 

policy measures of the govemment and per-capita production and average 

productivity of major food crops is insignificant. This implies therefore, the need 

to review and correct the existing policies. 

Based on the findings of the study and related policy implications, we are proposing 

appropriate policy measures for future action. 
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6.3 Recommendation 

6.3.1 Voluntary Resettlement Program 

Food Security and Poverty are predominantly a rural phenomenon in Ethiopia. Among 

the rural population, those who are geographically located in the highly degraded and 

drought prone parts of the country are the most vulnerable groups and are consistently 

affected by both chronic and transitory forms of food insecurity. Most of these areas have 

been continuously receiving food aid for the last two decades, the volume of which 

varied depending on the level of local production. 

It is apparent that these areas couldn't generate sufficient food for the inhabitants in the 

foreseeable future even with favourable weather conditions. Average crop yields are 

very low mainly because of very low level of soil fertility and erratic rainfall. Overall 

production and the production potential of these areas are also very low. Even if land 

productivity were to be doubled in these areas, narrowing the gap between production 

and requirement couldn' t still be met for the very reason th at the land holding size in 

these areas is very small and the population pressure is high. 

The conventional way of tackling the problem of food insecurity and soil degradation in 

these areas has been concentrated on activities such as free delivery of food aid and food 

for work conservation programs, none of which have brought the desired result. 

The areas of focus of the current food security strategy of the govemment in the food 

deficit areas are increasing food production through increasing the productivity of crops 
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and livestock, generating off-farm employment opportunities and natural resource 

management (MEDaC 1998). 

Given the realities mentioned above, it is unlikely to achieve the objective of food 

security in these areas for the foreseeable future unless the ongoing food security 

programs are accompanied by other appropriate policy measures. 

One of the measures should therefore be voluntary intra regional as weil as inter regional 

resettlement program in areas where there exists suitable agricultural land. The rural 

comrnunity in the past viewed resettlement negatively for the fact that the previous 

regime carried out massive forced resettlement without the consent of the resettled 

people. It was also believed that the resettlement program was designed for political 

purposes so as to control the population and weaken the then expanded rebel movement 

as most of the resettled people were drawn from the then rebel held areas. 

1t is now being understood by the rural community at large, particularly by those who are 

seriously affected by the long-standing food insecurity problems that voluntary 

resettlement should be one of the options for mitigating the problem (FAO 2000). 

The existing food security strategies and programs at national and regional levels should 

therefore be revised based on the objective realities on the ground and include among 

others resettlement as one of the strategies. 
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It is important to note that the international donor organizations have shown keen interest 

in supporting programs that would enable the country curb the problem of food 

insecurity. 

6.3.2 Land Tenure Security 

Land tenure security is a central aspect for development. Agriculture being the dominant 

sector of the economy and where the questions of food security, food self-sufficiency and 

land degradation have become the major challenges of the country, the first step towards 

solving these problems should be guaranteeing tenure security. It is quite obvious that if 

farmers have the maximum tenure security on their holdings, they will be keen to 

improve the management of the land in a long-run perspective. 

The issue of land tenure should not be therefore a closed agenda as it is constitutionally 

termed as public or state property. Research on the impact of the prevailing land policy 

on agricultural development in general and the livelihood of the farmers in particular 

should be made and the door for other alternative policy options such as allowing farmers 

the full right to sale or exchange their holdings should be open. 

6.3.3 Increase the Share of Public Expenditure in Agriculture 

The main economie development strate gy of the government is stated as Agricultural Led 

Industrialization. The agricultural sector is expected to serve as a vehicle for 

industrialization by providing a market base and as a source of raw material and capital 

accumulation. It is also envisaged that the sector will continue to play a leading role in 
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the growth of the economy. Further more, the recently developed poverty reduction 

strategy of the country indicates that agricultural development would be the main 

building block for poverty reduction (Ethiopia IPRSP, 2000) 

When we look at all the above statements, we would expect that the sector has received 

sirnilar attention in terms of public resource allocation. The share of capital expenditure 

in agriculture out of the total capital expenditure, which was over 25 percent by the end 

of 1992 fiscal year, had declined to about 6 percent by the year 1997 (MEDaC 1999). 

The agricultural sector share of the country's total budget by the year 2000 was only 10 

percent (Ethiopia IPRSP op cit). 

The emphasis put on the sector in the overall development strategy of the country should 

have been reflected in the share of public budget allocated to the sector. If the sector is to 

play the anticipated role in the overall socio-econornic development of the country and to 

attain the above-mentioned expectations, the government should allocate greater share of 

public resource to the sector in general and to the food crops production sub-sector in 

particular. 

6.3.4 Research and Extension on Traditional Food Crops and Organic 

Fertilizer 

The widening gap between domestic food production and requirement has substantially 

increased the dependence of the country on imports of cereals mainly in the form of 

donation. We believe that promoting drought resistant traditional food crops such as 

Enset could partly solve the problem of food insecurity in the country. Enset possesses a 
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number of advantages over cereals. It is drought resistant and can be grown in a wide 

range of agro-climatic zones and its yield is substantially high (Brandt A. S, et al 1997). 

The food prepared out of Enset can also be stored for a long period of time (up to five 

years). 

Renee expansion of Enset research and extension in drought prone and food deficit areas 

should be considered as one of food security strategies at national and regionallevels. 

It is also important to note that the resource poor smallholder farmers may not benefit 

from the current agricultural extension packages and credit schemes (FAO 2000). The 

packages are mainly based on the delivery of commercial fertilizer and improved seed 

varieties, the priees of which could be unaffordable to the resource-poor farmers. lt is 

important therefore, to deviee appropriate extension package that would involve these 

farmers. In this regard, production and expansion of the use of organic fertilizers such as 

compost should be given as equal importance as the currently existing agricultural 

extension package. 

6.3.5 Local Production of Fertilizer 

Though there may exist allocative and technical inefficiencies in utilization of fertilizer 

in the country, the empirical result show that there is a positive correlation between 

fertilizer consumption and average productivity of harvested land area. It is quite 

apparent that increased utilization of commercial fertilizer and improved seeds would be 

imperative if the country has to achieve food self-sufficiency and food security in the 

near future. The recent trend in fertilizer consumption in the country indicates that the 
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demand for fertilizer is growing at an increasing rate. The input however, has been 

entirely imported from abroad. 

On the other hand, studies have revealed that the country is endowed with the basic 

materials namely natural gas and coal that are required to develop chemical fertilizer 

production (Ethiopian lnvestment Authority 2001). In order to ensure the sustainable 

supply of chemical fertilizer and to reduce fertilizer priees by reducing costs such as 

transport costs, the govemment should therefore consider local production of fertilizer as 

one of food security and food self-sufficiency strategies of the country. 

6.3.6 Irrigation Development 

Ethiopia being a drought prone country, and the production of food crops being highly 

dependent on rainfall, an increase in the utilization of agricultural inputs alone will not 

ensure sustainable food crop production unless accompanied by other essential measures 

th at reduce the risk of production loss due to drought and erratic rainfall. 

A country like Ethiopia that has been affected by famine and recurrent drought, yet 

having utilized only 5 percent of its irrigation potential, it must strive to exploit the 

opportunity to the maximum. 

Although the govemment has identified development of irrigation agriculture as one of 

the food security strategies (FDRE 1996), the achievements have been very limited. The 

involvement of the private sector has also been insignificant. The major problems 

associated with the development of irrigation agriculture are found to be financial and 
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institutional (MEDaC 1999). Among the problems, lack of sound and attractive irrigation 

policy and lack of development finance are to be mentioned. 

The governrnent should therefore, formulate and issue irrigation development policy and 

allocate proportionate amount of budget for its development. Introduction and expansion 

of different small-scale water harvesting techniques among the smallholder farmers 

should also be made so as to enable them to retain water when there is rain. 

The measures should also include increase of small scale as well as medium scale 

irrigation programmes, and introduction and expansion of different water harvesting 

techniques. 

/ 
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Annex 2. Data used in the Per-capita major food crops production madel 

PCPY LA FER ALF PR 
Year (k.g) (hectare) (quintal) (number) (Birr/ton) D1 D2 
1970 193.0649 8115600 53000 13163000 232.0965 0 0 
1971 194.0133 8238500 53400 13471000 202.3509 0 0 
1972 187.2165 7988600 110080 13797000 152.4162 0 0 
1973 157.418 6912700 169190 14118000 196.472 0 1 
1974 150.5013 6817409 191440 14407000 217.4744 0 1 
1975 129.7255 6036900 312000 14646000 215.2017 0 1 
1976 151.2658 5697300 271510 14825000 242.3379 0 1 
1977 144.6923 5494400 261120 14959000 274.5844 0 1 
1978 129.6614 5671000 290050 15081000 310.7534 0 1 
1979 166.5614 5855550 373000 15237000 310.5023 0 0 
1980 205.48 6210587 432900 15460000 318.9172 0 0 
1981 179.937 5902096 311100 15736000 324.6472 0 0 

1982 169.2201 5882424 316700 16078000 267.9682 0 0 

1983 196.6147 6014525 450600 16473000 401.0334 0 0 

1984 159.3755 5911538 468800 16900000 719.6037 0 1 

1985 120.7009 6047051 241200 17342000 811.1012 0 1 

1986 129.8784 6187230 832600 17797000 539.0241 0 1 

1987 146.3177 5804341 838000 18268000 478.7046 0 0 

1988 147.6318 6043388 910000 18750000 508.7923 0 0 

1989 136.9319 5813216 946000 19240000 556.1409 0 0 

1990 143.757 5888645 1132000 19736000 529.3239 0 0 

1991 137.0258 5335613 1089000 20224000 814.4751 0 0 

1992 109.6303 5281890 1527000 20711000 945.7301 1 1 

1993 113.7149 4934160 902000 19933000 989.052 1 0 

1994 110.453 7230640 1570000 20408000 1048.897 1 1 

1995 136.3427 7799900 2316000 20863000 1186.039 1 0 

1996 180.5528 9026100 2459000 21296000 1126.453 1 0 

1997 176.6837 8865900 1936000 21708000 1126.453 1 0 

1998 134.6059 8186900 2517000 22106000 1092.404 1 1 

1999 139.8293 8016310 2550000 22498000 1193.605 1 0 
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Annex 3. Data used in the Average Land Productivity Model 

Year LANPRO LA FER ALF PR Dt D2 
1970 7.324503 8115600 53000 13163000 232.0965 0 0 
1971 7.448266 8238500 53400 13471000 202.3509 0 0 
1972 7.619803 7988600 110080 13797000 152.4162 0 0 
1973 7.605033 6912700 169190 1411 8000 196.472 0 1 
1974 7.485882 6877409 191440 14407000 217.4744 0 1 
1975 7.500866 6036900 312000 14646000 215.2017 0 1 
1976 9.416376 5697300 271510 14825000 242.3379 0 1 
1977 9.459089 5494400 261120 14959000 274.5844 0 1 
1978 8.310358 5671000 290050 15081000 310.7534 0 1 
1979 10.48513 5855550 373000 15237000 310.5023 0 0 
1980 11.72354 6210587 432900 15460000 318.9172 0 0 
1981 10.98086 5902096 311100 15736000 324.6472 0 0 
1982 10.56699 5882424 316700 16078000 267.9682 0 0 

1983 12.14899 6014525 450600 16473000 401.0334 0 0 

1984 10.45104 5911538 468800 16900000 719.6037 0 1 

1985 7.877629 6047051 241200 17342000 811 .1012 0 1 

1986 8.672791 6187230 832600 17797000 539.0241 0 1 

1987 10.41278 5804341 838000 18268000 478.7046 0 0 

1988 10.75359 6043388 910000 18750000 508.7923 0 0 

1989 10.50491 5813216 946000 19240000 556.1409 0 0 

1990 11 .11586 5888645 1132000 19736000 529.3239 0 0 

1991 11.89326 5335613 1089000 20224000 814.4751 0 0 

1992 10.09304 5281890 1527000 20711000 945.7301 1 1 

1993 11.11501 4934160 902000 19933000 989.052 1 0 

1994 8.583778 7230640 1570000 20408000 1048.897 1 1 

1995 9.436616 7799900 2316000 20863000 1186.039 1 0 

1996 11.10517 9026100 2459000 21296000 1126.453 1 0 

1997 11.58989 8865900 1936000 21708000 1126.453 1 0 

1998 10.17 8186900 2517000 22106000 1092.404 1 1 

1999 10.33873 8016310 2550000 22498000 1193.605 1 0 
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Annex 4. Per Capita production of major food crops model result 
-

Dependent Variable: Per-capita production of major food crops (lnPCPY) 

Variable Coefficient Std. Error t -Statistic Pro b. 

Harvested land area (lnLA) 0.613980 0.188699 3.253753 0.0044 

Drought (Dz) -0.169121 0.038163 -4.431495 0.0003 

Fertilizer (lnFER) 0.118890 0.072237 1.645837 0.1171 

Agriculturallabour force (lnALF) -0.940941 0.652463 -1.442136 0.1664 

Output priee (lnPR(-1)) -0.082658 0.131362 -0.629242 0.5371 

Policy variable(DI) -0.100351 0.095888 -1.046539 0.3092 

Constant (C) 10.09855 10.36141 0.974631 0.3427 

AR(1) 0.597640 0.255794 2.336412 0.0312 

AR(2) -0.349984 0.234168 -1.494583 0.1523 

R-squared 0.791115 Mean dependent var. 4.986142 

Adjusted R-squared 0.698278 S.D. dependent var. 0.164917 

S.E. of regression 0.090588 Akaike info criterion -1.703790 

Sum squared resid. 0.147711 Schwarz criterion -1.271845 

Log likelihood 32.00117 F-statistic 8.521499 

Durbin-Watson stat 1.760608 Prob(F-statistic) 0.000089 

80 



Annex 5. Per-capita production of food crops error correction madel result 

Dependent Variable: D(lnPCPY) 

Variable Coefficient Std. Error t-Statistic Pro b. 

D(lnLA) 0.516986 0.191082 2.705572 0.0145 

D(lnALF) -2.327353 1.669525 -1.394021 0.1803 

D(lnFER) 0.033329 0.043167 0.772091 0.4501 

D(lnPR( -1)) -0.117766 0.095562 -1.232359 0.2337 

D(D1) -0.011196 0.094945 -0.117921 0.9074 

D(D2) -0.125710 0.026092 -4.818004 0.0001 

RESID(-1) -1.153823 0.348154 -3 .314115 0.0039 

c 0.040404 0.049153 0.821999 0.4218 

AR(l) 0.571905 0.294073 1.944771 0.0676 

R-squared 0.803942 Mean dependent var -0.010809 

Adjusted R-squared 0.716805 S.D. dependent var 0.157102 

S.E. of regression 0.083603 Akaike info criterion -1.864268 

Sum squared resid. 0.125811 Schwarz criterion -1.432322 

Log likelihood 34.16762 F-statistic 9.226209 

Durbin-Watson stat 1.864685 Prob(F-statistic) 0.000053 
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Annex 6. Average productivity of harvested Land Area Model Result 
-

Dependent Variable: Average productivity of land (lnLANPRO) 

Variable Coefficient Std. Error t -Statistic Pro b. 

Harvested land area (lnLA) -0.319045 0.127329 -2.505670 0.0201 

Drought CD2) -0.163742 0.037856 -4.325431 0.0003 

Fertilizer (lnFER) 0.117572 0.060493 1.943581 0.0648 

Output priee (lnPR( -1)) -0.072430 0.089181 -0.812174 0.4254 

Policy variable (D 1) -0.014304 0.072416 -0.197531 0.8452 

Agriculturallabour force (lnALF) 0.094339 0.552319 0.170806 0.8659 

Constant (C) 4.657599 8.748049 0.532416 0.5998 

R-squared 0.730016 Mean dependent var 2.273037 

Adjusted R-squared 0.656384 S.D. dependent var 0.157760 

S.E. of regression 0.092477 Akaike info criterion -1.717212 

Sum squared resid 0.188143 Schwarz criterion -1.387175 

Log likelihood 31.89957 F-statistic 9.914402 

Durbin-Watson stat 1.200677 Prob(F-statistic) 0.000025 
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Annex 7. A vera ge producti vity of harvested Land Area error correction model result 

-
Dependent Variable: D(lnLANPRO) 

Variable Coefficient Std. Error t-Statistic Pro b. 

D(lnLA) -0.244432 0.164424 -1.486593 0.1527 

D(lnALF) -0.587588 1.395534 -0.421049 0.6782 

D(lnFER) 0.035412 0.047660 0.743004 0.4661 

D(lnPR( -1)) -0.144425 0.090635 -1.593484 0.1267 

D(D2) -0.102912 0.028946 -3 .555302 0.0020 

D(Dt) -0.032232 0.091006 -0.354171 0.7269 

RESID(-1) -0.708839 0.201545 -3.517025 0.0022 

c 0.028012 0.029823 0.939295 0.3588 

R-squared 0.744162 Mean dependent var 0.011711 

Adjusted R-squared 0.654619 S.D. dependent var 0.131859 

S.E. of regression 0.077492 Akaike info criterion -2.042319 

Sum squared resid 0.120101 Schwarz criterion -1.661689 

Log likelihood 36.59247 F-statistic 8.310633 

Durbin-Watson stat 1.661839 Prob(F-statistic) 0.000088 
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Annex 8. Diagnostic test results of the per-capita production of major food crops function 

Test F.Statistic Probability 

Histogram normality 0.59 

Breush-Godfrey LM Test 0.41 0.53 

White Hetroskedasticity Test 1.86 0.14 

Ramsey RESET Test 0.19 0.67 

Chow Forecast Test 1.13 0.41 

Annex 9. Forecast Result of the Log of Per-capita Production of Major food Crops Function 
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1-- LPCPYF ---- ± 2 S.E. 

Forecast: LPCPYF 
Actual: LPCPY 
Sample: 1973 1999 
lnclude observations: 27 

Root Mean Squared Error 
Mean Absolute Error 
Mean Abs. Percent Error 
Theillnequality Coefficient 

Bias Proportion 
Variance Proportion 
Covariance Proportion 

0.209586 
0.169864 
3.423866 
0.021070 
0.028516 
0.310846 
0.660638 

Annex 10. Trends of Actual, Fitted and Residual Values Per-capita Production of Major food 

Crops Function 
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Aooex 11. Covariance Matrix of Per-capita Production of Major Food Crops Madel 
-

loLA Dz loFER loALF loPR(-1) Dt c AR(1) AR(2) 
loLA 0.035607 -0.00131 -0.00067 0.008399 -0.00178 -0.00647 -0.6754 0.007997 -0.00397 
Dz -0.00131 0.001456 -0.00084 0.008497 -1.36E-05 -0.00052 -0.11049 -0.00235 0.000911 
loFER -0.00067 -0.00084 0.005218 -0.0301 0.000404 -0.00085 0.441127 0.006567 -0.00417 
lnALF 0.008399 0.008497 -0.0301 0.425708 -0.05796 -0.00011 -6.47933 -0.01297 0.032441 
loPR(-1) -0.00178 -1.36E-05 0.000404 -0.05796 0.017256 -0.00392 0.884262 -0.0097 -0.00512 
Dt -0.00647 -0.00052 -0.00085 -0.00011 -0.00392 0.009195 0.136146 0.001029 0.004552 
c -0.6754 -0.11049 0.441127 -6.47933 0.884262 0.136146 107.3588 0.063876 -0.39332 
AR(1) 0.007997 -0.00235 0.006567 -0.01297 -0.0097 0.001029 0.063876 0.065431 -0.02497 
AR(2) -0.00397 0.000911 -0.00417 0.032441 -0.00512 0.004552 -0.39332 -0.02497 0.054835 

Aooex 12. Diagnostic Test Results of the Average land productivity function 

Test F-statistic Probability 

Histogram normality 0.35 

Breush-Godfrey LM Test 2.2 0.15 

White Hetroskedasticity Test 0.9 0.57 

Ramsey RESET Test 0.16 0.70 

Chow Forecast Test 0.77 0.58 

Aooex 13. Forecast Result of the Log of Average productivity of Harvested Land Area 

Function 

3.5 ....--------------------, 

3.0 

2.5 

1.5 

1 .0 -l-,r-T"-,--,-.,-..,--,-,-..,...-r-r-'T"""T...,-~--r:c-r-::':""'7.~::-r:;;:-f 
n ~ n n oo ~ M ~ ~ oo ~ ~ oo % 

1- LLANPROF - --- ± 2 S.E. 

Forecast: LLANPROF 
Actual: LLANPRO 
Sample: 1972 1999 
lnclude observations: 28 

Root Mean Squared Errer 
Mean Absolute Errer 
Mean Abs. Percent Errer 
Theillnequality Coefficient 

Bias Proportion 
Variance Proportion 
Covariance Proportion 

0.121549 
0.100364 
4.514854 
0.026600 
0.001482 
0.004764 
0.993754 
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Annex 14. Trends of Actual, Fitted and Residual Values of Average productivity of 
Harvested Land Area Function 
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Annex 15. Cusum and Cusum Squares Tests of the A vera ge producti vity of Harvested 
Land Area Function 
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Annex 16. Covariance Matrix of the Average Land Productivity Madel 

-

lnLA lnALF lnFER lnPR(-1) D1 D2 c 
LnLA 0.016213 0.0104 0.000247 -0.00138 -0.00427 0.001153 -0.42166 
LnALF 0.0104 0.305057 -0.02628 -0.03484 -0.00109 0.005445 -4.68958 
LnFER 0.000247 -0.02628 0.003659 0.00139 -0.00055 -0.00029 0.377545 
lnPR(-1) -0.00138 -0.03484 0.00139 0.007953 -0.00169 -0.00045 0.536149 

D1 -0.00427 -0.00109 -0.00055 -0.00169 0.005244 -0.00059 0.10158 

D2 0.001153 0.005445 -0.00029 -0.00045 -0.00059 0.001433 -0.1027 

c -0.42166 -4.68958 0.377545 0.536149 0.10158 -0.1027 76.52836 

87 




