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Past afforestation programs launched to promote private and community woodlots 

in rural Ethiopia have not been based on clear understanding of the incentives and 

constraints of smallholder farmers. This study investigated the characteristic differences 

between tree-growing and non-tree-growing farm households and identified factors 

influencing farmers’ tree-growing decisions from a farming systems perspective in two 

highland regions of the country. The analysis was based on a survey of 150 household 

heads in each of the mixed cereal-livestock and the cereal-enset-coffee-livestock farming 

systems of Basona Werena and Sodo Zuriya woredas, respectively. A logistic regression 

model was employed to analyze the determinants of the farmers’ initial decisions of 

growing trees. Using the tree-growing household data, a linear regression model was 

employed to identify determinants of the extent of tree growing once the farmer has 

decided to grow trees. Results indicated significant differences between tree-growing and 

non-tree-growing households. Relative to non-tree-growing households, tree-growing 

households were found to have higher human capital, more physical assets and income. 

Our study identified that gender of the household head, farmers’ training, size and 

productivity of landholding, household income, proximity to a road, and tenure security 

were strong determinants of farmers’ tree-growing decisions. We found that female-

headed households were less likely to grow trees than male-headed households. Female-

headed households also owned fewer trees per household than male-headed households 

and the difference was significant in the cereal-enset-coffee-livestock farming system of 

Sodo Zuriya. The impact of landholding size was consistently positive on farmers’ initial 

tree growing decisions as well as on the number of trees grown in both sites. A positive 



 

 

perception of land tenure security was also positively and significantly associated with 

the number of trees planted. The results suggest the need for appropriate policies and 

extension programs that are aimed at addressing the specificity of female farmers, 

improving the productivity and reducing the fragmentation of land, and strengthening the 

security of tenure in order to encourage tree growing by smallholder farmers.  

 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright by Zeleke Ewnetu Ayele 

December 9, 2008 

All Rights Reserved



 

 

 
 
 
 
 

Smallholder Farmers’ Decision Making in Farm Tree Growing in the Highlands of 
Ethiopia 

 

 

 

by  

Zeleke Ewnetu Ayele 

 

 

A DISSERTATION 

 

submitted to  

Oregon State University 

 

in partial fulfillment of  

the requirements for the 

degree of 

 

Doctor of Philosophy 

 

Presented December 9, 2008 

Commencement June 2009



 

 

Doctor of Philosophy dissertation of Zeleke Ewnetu Ayele presented on December 9, 

2008 

 

 

 

APPROVED 

 

 

_________________________________________________________________  

Major Professor, representing Department of Forest Resources  

 

 

_________________________________________________________________  

Head of Department of Department of Forest Engineering, Resources and Management 

 

 

_________________________________________________________________  

Dean of the Graduate School 

 

I understand that my dissertation will become part of the permanent collection of Oregon 

State University libraries. My signature below authorizes release of my dissertation to 

any reader upon request. 

 

 

 

___________________________________________________________________  

Zeleke Ewnetu Ayele, Author



 

 

ACKNOWLEDGEMENTS 

 

I am deeply indebted to my major advisor, Professor Darius M. Adams, for his 

guidance and encouragement throughout my studies. I am grateful to him for the freedom 

and independence he gave me in my research. I am equally indebted to my co-mentor, 

Professor John C. Bliss, who took his time to visit my study sites in Ethiopia and gave me 

invaluable guidance for my field data collection. I also wish to thank the other members 

of my graduate committee, Professors K. Norman Johnson, Badege Bishaw and Loren D. 

Kellogg. Your contributions, comments and insight have been of great value to me.  

I am grateful to the Swedish International Development Agency (Sida) for 

funding my study. My special thanks go to Mats Sandewal, Anne-Maj Jonsson, and 

Esbjorn Andersson of the Swedish University of Agricultural Sciences (SLU) for 

facilitating transfer of funds and travel arrangements. I am thankful to Wondo Genet 

College of Forestry and Natural Resources for granting me a study leave and for 

providing me the necessary logistical support for my field work. My thanks go to former 

and present deans and deputy deans of the college, Drs. Abdu Abdelkadir, Getachew 

Eshete, and Melaku Bekele. 

I am very grateful to all the farm households in Basona Werena and Sodo Zuriya 

who willingly and humbly spared their time and energy to provide the required 

information. Many thanks to all the development agents who endured the hard work of 

walking to all sampled households and assisted me in the house-to-house questionnaire 

survey. The survey would have been impossible without the assistance of those devoted 

enumerators. I am very thankful to the officers in Basona Werena and Sodo Zuriya 

offices of Agriculture and Rural Development, Tegene, Mamush, Negash, Mulat, Abdo, 

and Elias for their assistance in making practical arrangements for my field work.   

I am very grateful to my brother, Mulugeta, his wife Belaynesh, and sons Aklilu, 

Daniel and Dawit, for their generous hospitality and encouragement. Finally my utmost 

thanks go to my family. I would particularly like to thank my wife, Worknesh who, 

during my long absence, shouldered all the family responsibilities alone, and my young 

children, Bethlehem, Michael, and Elleni, without whose patience and love, pursuing my 

studies would have been impossible.



 

 

TABLE OF CONTENTS  
 

Page 
 
 

Chapter 1. Introduction ....................................................................................................... 1 
 
 

1.1. Background............................................................................................................... 1 
 
 

1.2. Statement of the problem.......................................................................................... 2 
 
 

1.3. Objectives of the research, research questions and hypotheses................................ 3 
 
 

1.3.1. Objective of the research.................................................................................... 3 
 
 

1.3.2. Research questions ............................................................................................. 4 
 
 

1.3.3. Hypotheses ......................................................................................................... 4 
 
 

1.4. Significance of the study .......................................................................................... 4 
 
 

1.5. Structure of the thesis ............................................................................................... 5 
 
 

1.6. Scope and limitations of the study............................................................................ 6 
 
 
Chapter 2. Country Background and Context of the Study ................................................7 
 
 

2.1. Geographic location.................................................................................................. 7 
 
 

2.2. The highlands of Ethiopia......................................................................................... 7 
 
 

2.3. Agro-climates/Agro-ecology.................................................................................... 8 
 
 

2.4. Agricultural systems............................................................................................... 10 
 
 

2.5. The political and policy milieu............................................................................... 10 
 



 

 

TABLE OF CONTENTS (Continued) 
 

 Page 
 
 

2.5.1. Land tenure and agrarian policies .................................................................... 11 
 
 

2.5.2. Forest and related policies................................................................................ 15 
 
 
Chapter 3. Review of Theoretical Literature and Empirical Evidence............................. 18 
 
 

3.1. The basics of decision making................................................................................ 18 
 
 

3.2. Decision-making theories ....................................................................................... 19 
 
 

3.3. Decision-making in smallholder farming systems................................................. 21 
 
 

3.3.1. The farm household as both producer and consumer....................................... 21 
 
 

3.3.2. Peasant/smallholder economy and decision behavior...................................... 23 
 
 

3.3.3. Risk and uncertainty in smallholder agricultural decision-making.................. 26 
 
 
Chapter 4. Conceptual Framework of Factors Influencing Decision-Making by 

Smallholder Farmers in Farm Tree Growing.................................................. 27 
 
 

4.1. Determinants of smallholder tree planting decisions ............................................. 27 
 
 

4.1.1. Household characteristics................................................................................. 27 
 
 

4.1.2. Farm characteristics/Resource endowments .................................................... 29 
 
 

4.1.3. Biophysical factors........................................................................................... 29 
 
 

4.1.4. Economic factors.............................................................................................. 30 
 
 

4.1.5. Institutional and policy factors......................................................................... 30 



 

 

TABLE OF CONTENTS (Continued) 
 
 

Page 
 
 

 
4.2. The agricultural household model .......................................................................... 32 

 
 
Chapter 5. Methodology ................................................................................................... 35 
 
 

5.1. Description of the study sites.................................................................................. 35 
 
 

5.1.1. Location and basic features .............................................................................. 35 
 
 

5.1.2. Agro-climates ................................................................................................... 37 
 
 

5.1.3. Soils.................................................................................................................. 38 
 
 

5.1.4. People and culture ............................................................................................ 39 
 
 

5.1.5. Access to land................................................................................................... 40 
 
 

5.1.6. Settlement and land use.................................................................................... 41 
 
 

5.1.7. Farming systems and agricultural technology.................................................. 44 
 
 

5.1.8. Off-farm economic activities ........................................................................... 46 
 
 

5.1.9. Infrastructure and markets................................................................................ 46 
 
 

5.1.10. Forest resources and farm tree planting ......................................................... 46 
 
 

5.2. Data collection methods ......................................................................................... 48 
 
 

5.2.1. Preliminary work.............................................................................................. 50 
 
 



 

 

TABLE OF CONTENTS (Continued) 
 
 

Page 
 
 

5.2.2. Sampling procedure.......................................................................................... 50 
 
 

5.2.3. Survey data collection ...................................................................................... 53 
 
 

5.2.4. Additional information..................................................................................... 55 
 
 

5.3. Organizing and diagnosing data ............................................................................. 56 
 
 

5.4. Analytical method................................................................................................... 56 
 
 
Chapter 6. Results and Discussion.................................................................................... 58 
 
 

6.1. Descriptive statistics ............................................................................................... 58 
 
 

6.1.1. Household characteristics................................................................................. 58 
 
 

6.1.2. Household assets, livelihood activities, and sources of income....................... 61 
 
 

6.1.3. Institutional factors........................................................................................... 67 
 
 

6.1.4. Farm tree management ..................................................................................... 67 
 
 

6.2. Determinants of farmers’ decision to grow trees.................................................... 72 
 
 

6.2.1. Estimation of the probability of growing trees.................................................72 
 
 

6.2.2. Determinants of the extent of growing trees ....................................................87 
 
 
Chapter 7. Conclusion and Policy Implications.............................................................. 106 
 
 
References....................................................................................................................... 119 



 

 

TABLE OF CONTENTS (Continued) 
 
 

Page 
 

 
Appendices...................................................................................................................... 128 
 
 

Appendix A. Variables used in the models and their expected effect on farmers’  
initial decision and extent of growing trees................................................................. 129 

 
 

Appendix B. Survey Questionnaire ............................................................................. 131 
 
 

Appendix C. Guiding questions used for focus group discussions ............................. 142 
 



LIST OF FIGURES 

 

Figure               Page 

 

4.1. Conceptual model of factors influencing smallholders’ decision in farm tree  
 planting....................................................................................................................... 28 
 
 
5.1. Geographical location of Basona Werena and Sodo Zuriya weredas........................ 36 
 
 
5.2. Land use in Basona Werena with trees planted in blocks.......................................... 42 
 
 
5.3. Land use in Basona Werena with trees planted around homesteads ......................... 42 
 
 
5.4. Diagram of typical land use pattern in Wolaita......................................................... 43 
 
 
5.5. A typical land use pattern in Sodo Zuriya ................................................................. 44 
 
 
5.6. Wood sellers in Ankober, North Shewa 1880 ........................................................... 47 
 
 
5.7. A pile of dung cake in a North Shewan rural house, 1888 ........................................ 47 
 
 
6.1. Share of different crop types in quantity of total annual production ......................... 64 
 
 
6.2. Farm household distribution by annual gross income ...............................................65 
 
 
6.3. Contribution of different farm and non-farm activities to annual household cash 

income (Basona Werena) ........................................................................................... 66 
 
 
6.4. Contribution of different farm and non-farm activities to annual household cash 

income (Sodo Zuriya)................................................................................................. 66 
 
 
6.5. Distribution (%) of tree-growing households by number of trees per household...... 68 
 
 
6.6. Age distribution of trees............................................................................................. 69 



LIST OF TABLES 

 

Tables               Page 

 
2.1. Traditional agro-climatic zones and their physical characteristics .............................. 9 
 
 
2.2. Major agro-ecological zones of the Ethiopian highlands ............................................ 9 
 
 
4.1. Effect of land tenure security on farm land investment............................................. 32 
 
 
5.1. Biophysical and socio-economic characteristic features of Basona Werena and  
 Sodo Zuriya weredas.................................................................................................. 37 
 
 
5.2. Peasant Association (PAs) and number of households randomly selected for 

questionnaire survey................................................................................................... 52 
 
 
6.1. Descriptive statistics of Basona Werena, Sodo Zuriya, and pooled data (all  
 surveyed households) ................................................................................................. 59 
 
 
6.2. Distribution of livestock in TLU................................................................................ 62 
 
 
6.3. Farm household distribution by size of livestock owned...........................................63 
 
 
6.4. Mean comparison of sampled tree-growing and non-tree-growing households in 

Basona Werena........................................................................................................... 70 
 
 
6.5. Mean comparison of sampled tree-growing and non-tree-growing households in 

Sodo Zuriya. ............................................................................................................... 71 
 
 
6.6. Maximum likelihood estimates from logistic regression models for choice to  
 grow trees. .................................................................................................................. 76 
 
 
6.7. Ordinary and weighted least squares regression results of models for extent of  
 tree growing................................................................................................................ 90 
 
 
6.8. Tobit regression results of models for extent of tree growing. (Weighted  
 regression results are shown for comparison). ........................................................... 91 



 

 

LIST OF TABLES (Continued) 

 

Tables               Page 

 
 
6.9. Ordinary and weighted least squares regression results of models for extent of  
 tree growing normalizing number of trees per ha of landholding............................ 102 
 
 
6.10. Tobit regression results of models for extent of tree growing using number of  
 trees normalized per Ha of land owned. (Weighted regression results are shown  
 for comparison). ....................................................................................................... 103



Chapter 1. Introduction 
 
 

1.1. Background 
  

For decades promotion of farm tree planting by rural development agents in 

developing countries had focused largely on technical aspects and simplistic universal 

approaches of growing and managing trees. Regardless of advances in the development 

and promotion of technologies, farmers’ motivation to take up such new initiatives, 

particularly among the traditionally non-tree planter farm households, remained minimal. 

This has led to the realization that farm tree growing is not only a technical problem but 

also a socio-economic problem, which directed attention to the influence of socio-

economic and behavioral factors in smallholder farmers’ decision making. This shift in 

focus is evident from the ever-increasing literature on factors affecting adoption of farm 

forestry/agroforestry technology in recent decades. 

Rural farmers have three possible options to obtain wood products for their own 

consumption and/or for sale. They produce it on their farms, collect it from common 

access forest and tree resources, or buy it. The last option is not appealing, at least for 

poor households. Substitution with other fuels is a fourth option when the need is for own 

consumption. For domestic fuel, the substitutes may include farm byproducts such as 

dung cakes and crop residues, or commercial energy sources such as petroleum products. 

Studies made on agroforestry adoption in Asia, Africa, and Latin America 

identify a number of household characteristics, biophysical and socio-economic factors 

that influence smallholder farmers’ decision regarding on-farm tree management and 

wood production. They include agro-ecological characteristics, family landholding size, 

household demand for forest products, availability of existing wood resources, farming 

practices, cultural influences, changes in rural economy, perceived effects of trees on 

crops, access to market, and external interventions including policies and extension 

services (Bannister and Nair, 2003; Gilmour, 1995; Warner, 1995; Salam, et. al., 2000; 

Scherr, 1995a; Viswanath, et. al.,  2000 ). 

The body of literature on farmers’ tree growing decisions highlights the 

complexity of factors involved in the behavioral function. The complexity arises from the 

diversity of circumstances under which smallholder farmers operate. It is generally 
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recognized in the literature that a number of factors explain the differences in farm tree 

growing decision by smallholder farmers. However, the specific socio-economic and 

institutional variables affecting the decisions, and hence relevant to be included in the 

household model, differ across countries, regions, villages, and farms. Moreover, the 

direction and significance of influence of a given variable is not often consistent across 

studies.  

 
1.2. Statement of the problem 
 

Agricultural development and poverty reduction in Ethiopia primarily concerns 

peasant agriculture and rural society. Growth and development in the current agriculture-

based economy of the country is heavily dependent on the performance of the rural 

economic sector which is dominated by peasant agriculture. Ethiopian highland 

agriculture is characterized by high dependency on rainfall, traditional technology, high 

population pressure, and severe land degradation compounded by one of the lowest 

productivity levels in the world (Medhin and Köhlin, 2008). The smallholder farmers in 

the Ethiopian highlands are poor, individual land holding ranges between 0.5 and 2.5 ha, 

family sizes are large, land productivity is low and food requirements are not fully met 

(Jabbar, et.al. 2000). Income/consumption poverty analyses of the country indicate that 

poverty is largely a rural phenomenon. While rural areas altogether contribute to about 

85% of the total national population, their contribution to total poverty head count index 

stood at about 88 percent in 1999/2000 (FDRE/MoFED 2002).  

The most pressing problems for agricultural growth in the country are land 

degradation, including soil erosion, and loss of biodiversity. At the present rates, it is 

estimated that land degradation could destroy farmlands of some 10 million highland 

farmers by the year 2010. Since the mid-1970s, Ethiopian forestry authorities have been 

promoting tree planting to meet national needs of fuelwood, to conserve soil and water, 

and to arrest deforestation. Although the Ethiopian Forestry Action Program (EFAP, 

1993) recognized private tree farming and community forestry as the only sustainable 

means of expanding forest cover and forest product supply, neither government 

development policies nor past forestry research have given attention to private sector tree 

planting. Massive state and community afforestation programs and extension activities 
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were launched in the 1970’s and 1980’s recognizing the importance of growing trees 

outside of forestlands. In the past few years, attempts have been made to promote small 

scale private tree planting by smallholder farmers mainly by supplying seedlings freely or 

at subsidized prices from government nurseries considering availability of seedlings as 

the main encouraging factor for farmers’ tree planting.  

The interventions pursued have been based on a simplistic view that all farmers 

everywhere should plant more trees without understanding the resource constraints and 

economic incentives farm households have for growing trees (Admassie, 2000). Failure 

to understand farmers’ choices has bewildered the success of the afforestation efforts 

aimed at improving rural livelihoods (Achalu, 2004). As Arnold and Dewees (1998) point 

out that “by comparison with what is known about the crop and livestock components of 

agriculture, very little is known about the constraints farmers face that limit their 

potential to develop tree resources within their farming system.” A successful pursuit of 

rural development interventions that involve tree production on farms require a clear 

understanding of the farmers’ incentives and livelihood strategies within the 

socioeconomic and policy environment they are operating.  

Although the broader theoretical paradigm of factors influencing householders’ 

planting of trees has been studied, household level analyses are rare. There is a need to 

explore the possibilities of raising peasant farmers’ productivity and income through 

more efficient use of their available labor and land resources. The aim of this study is, 

therefore, to further understanding of the determinants of smallholder farmers’ decisions 

in farm tree production.  

 
1.3. Objectives of the research, research questions and hypotheses 
 
 In this section, the objective of the research, the research questions and 

hypotheses of the study are outlined.  

 
1.3.1. Objective of the research 
 
 

The main objective of this study is to analyze and model the determinants of 

smallholder farmers’ decisions regarding farm tree management and wood production in 
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the Ethiopian highlands from a farming systems and socio-economic perspectives. The 

specific objectives are: 

• To identify the characteristic features of tree-growing and non-tree growing farm 

households 

• To study the relationships between the household and farm characteristics and the 

institutional factors that explain the patterns of on-farm tree production 

• To generate scientific information that will contribute to appropriate rural 

development and forest policy formulation and extension interventions. 

 
1.3.2. Research questions 
 

The following key questions will be addressed in the study. 

a) Are there significant differences in household and farm characteristics between 

tree planters and non-tree planters?  

b) What are the socio-economic factors that influence smallholder farmers’ tree-

planting decisions?  

c) Are there differences in farm tree planting decision between male-headed and 

female-headed households? 

 
1.3.3. Hypotheses 
 

Based on review of theoretical and empirical literature, we hypothesize the following.  

a) Tree-planting and non-planting households differ significantly from each other in 

household and farm characteristics.  

b) Female-headed households plant more trees than male-headed households. 

c) Tenure security, as measured by individual rights to landholding, leads to greater 

incentive for farm tree growing. 

 

1.4. Significance of the study 
 

The current government of Ethiopia has adopted a strategy of Agricultural 

Development Led Industrialization (ADLI) to achieve faster economic development by 

using the rural labor and land resources augmented by appropriate technologies and 
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inputs. The sustainable development and poverty reduction program of the country 

envisages, among other things, making progress in more intensive farming and market-

led production in order to make agriculture serve as an engine in the economic growth 

and poverty reduction programs of the country (MoFED 2002). The program puts 

emphasis on product diversification by the smallholder farmers, including agroforestry 

development through the introduction of improved technologies. The Plan for 

Accelerated and Sustained Development to End Poverty (PASDEP) for 2005/06-2009/10, 

which is the second phase of the country’s poverty reduction program, formulates a 

strategy towards smallholder agricultural diversification and commercialization (MoFED, 

2006). Pursuing intensification, diversification, and commercialization of smallholder 

agriculture on a fragmented landholding means that the traditionally simple cropping 

systems have to be transformed to more complex intercropping systems of annual food 

crops and perennial cash and/or food crops, including trees. Such objectives require 

understanding of the farmers’ adoption behaviors in order to pursue a successful 

intervention. 

Farmers’ willingness to grow trees depends on a number of biophysical and socio-

economic factors that must be well understood in specific geographical and temporal 

contexts for governmental or non-government organizations to conduct successful rural 

development interventions. The most important question this study attempts to address is 

“What factors influence farmers’ propensities for including or not including trees into 

their farming systems?” We believe that findings of this study will generate scientific 

information for policy-makers and rural development agents that will guide them towards 

better and more informed decision-making for rural development forestry and thereby to 

achieve the broad goal of reducing poverty in the highland areas of the country.  

 
1.5. Structure of the thesis 
 

The remaining part of the thesis is organized as follows. Section 2 provides the 

biophysical and socioeconomic context of the study. In section 3, we review decision 

making and agricultural innovation adoption theories upon which this study is based. In 

section 4, we review available empirical evidence on determinants of smallholder tree 

planting decisions and describe the variables identified for our models. Detailed 
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description of the study sites and methods used for data collection and analysis are 

presented in section 5. Empirical model specifications, major findings and discussions are 

presented in section 6. Conclusion and implications for policy follow in section 7.  

 
1.6. Scope and limitations of the study 
 

Any modeling exercise is an attempt to simulate real world processes through the use 

of input data describing certain characteristics of interest, a set of algorithm to transform 

input data to output parameters, and simplified assumptions. This study is limited to 

mixed cereal-livestock and enset-coffee-cereal-livestock farming systems of two highland 

woredas of Ethiopia. The findings from this study may apply to other areas that practice 

these farming systems in the central and southern highland regions of the country. The 

data was collected from a cross-sectional survey of a single year. The data do not capture 

possible changes in household demographics and resource endowments that might have 

occurred during the different years trees were planted over a period of more than 10 

years. The analysis assumes that the same household demographics and resource 

endowments existed over the period of years that the trees were planted. Future research 

can add a time dimension to investigate if the factors that influence the farmers’ decision 

to grow trees have changed over time. Estimations of average annual crop yield and 

income were based on what interviewed household heads could recall from the previous 

3 years, which may not be representative years.  
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Chapter 2. Country Background and Context of the Study 

 
To put this study in context, this section provides an overview of the biophysical 

and the socio-political environment under which the Ethiopian smallholder farmers 

operate and in which farm tree production is embedded.  

 
2.1. Geographic location 
 
 Ethiopia is located in eastern Africa between 3o – 14o N and 33o – 48o E. With a 

land area of 1.12 million km2 and a total population of 76.9 million (CSA, 2008), 

Ethiopia is the tenth largest and the third most populous country in Africa. About 83% of 

the population lives in the rural areas. The country has geographical contrasts varying 

from lowlands as low as 116 m below sea level to highlands more than 4,600 m high in 

the mountainous regions. 

 
2.2. The highlands of Ethiopia 
 

Estimated at 490 000 km², or around 44% of the country, Ethiopia has the largest 

highland area in Africa, covering nearly half of the total highland area of the continent. 

The highlands cover areas above 1500 meters above sea level. Fragmented by valleys, 

plateaus, and escarpments, the Ethiopian highlands are ecologically diverse, consisting of 

different climates and resources. The climate of the highlands is largely determined by 

altitude, which influences the rainfall and temperature and subsequently the land use 

potentials. However, one can also observe the effect of altitude modified by latitudinal 

locations. While the southern Ethiopian highlands which are closer to the equator (4o – 6o 

N) are warmer and wetter, the northern highlands (8o – 14o N) are less so (Getahun, 

1988). As a result, differences in settlement and land use patterns occur across the 

highlands.  

The highland regions of Ethiopia support about 80% of the human and 75% of the 

livestock populations. They also account for over 95% of the cultivated land (Shiferaw 

and Holden, 1998). Among the factors that contribute to the high concentration of people 

and livestock in the highlands are favorable climates (moderate temperatures and 

relatively better rainfall) for the predominantly rain-fed smallholder mixed crop-livestock 
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farming. The highlands are also free of certain human and livestock diseases such as 

malaria and trypanosomiasis that are prevalent in the lowland regions.  

With growth of the rural population and shortage of land, the spread of both 

cultivation and grazing to newer and more marginal areas is common in most highland 

settlements (Taddese, 2001; Grepperud, 1996). The cereal-based farming systems have 

also remained largely unchanged and thus have become unable to sustain the ever-

increasing population with food and energy demands. As a result, there is severe land 

degradation and declining productivity in many areas of the highlands.  

 
2.3. Agro-climates/Agro-ecology 
 
 Ethiopia has diverse agro-climates. In the traditional classification, Ethiopian 

farmers broadly divide their agro-climates into five zones based on altitude and the 

associated temperature and precipitation available to support human and animal 

habitation and crop growth. The traditional agro-climatic zones of Ethiopia are shown in 

Table 2.1.  

The rainfall is bimodal across most parts of the highlands, with main rainfalls 

occurring from June through September and the short rainfalls from February to May. 

However, each zone has its own pattern of rainfall and agricultural production system.  In 

general, the highland zones (Dega and Wiena Dega zones) contain most of the 

agricultural areas, while the semi-arid and arid lowland zones (Kolla and Bereha) are 

dominated by livestock in agro-pastoral and pastoral production systems.  

 Other recent rural development oriented classifications identify 6 major agro-

ecological zones and sub-zones that encompass both the highland and the lowland 

regions of the country (Dejene, 2003). Such agro-ecological zoning  categorize the 

highlands into 3 broad major agro-ecological zones in terms of their potential for growing 

annual and perennial crops (Bishaw, 2001); high potential perennial zone (HPP), high 

potential cereal zone (HPC), and low potential cereal zones (LPC). Table 2.2 shows the 

climate and growing period available in each of those 3 zones. 
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Table 2.1. Traditional agro-climatic zones and their physical characteristics. 

 

Zone Altitude 

(meters) 

Rainfall 

(mm/year) 

Growing 

period 

(days/year) 

Average 

annual temp. 

(oC) 

Wurch (cold and 

moist highlands) 

 

> 3200 

 

900 - 2200 

 

211 – 365 

 

≤ 11.5 

Dega  (cool and 

humid highlands) 

 

2300 – 3200 

 

900 – 1200 

 

121 – 210 

 

17.5/16.0 – 11.5 

Weina Dega 

(temperate, cool sub-

humid highlands) 

 

 

1500 – 2300 

 

 

800 – 1200 

 

 

91 – 120 

 

 

20.0 – 17.5/16.0 

Kolla (warm semi-

arid lowlands) 

 

500 – 1500 

 

200 – 800 

 

46 – 90 

 

27.5 – 20 

Bereha (hot and arid 

lowlands) 

 

under 500 

 

under 200 

 

0 – 45 

 

> 27.5 

 
Source: Adapted from Dejene (2003). 

 
Table 2.2. Major agro-ecological zones of the Ethiopian highlands. 
 
 
Zone Climate Growing period 

(no. of days) 

HPP zone Warm and more humid Mainly > 240 

HPC zone Intermediate rainfall Usually > 180 

LPC zone High variability, occasional drought Mainly 90 - 150 

Source: Bishaw (2001). 

These 3 agro-ecological zones cover about 44% of the land mass of the country. 

Much of the settled agriculture and the remaining natural forests of the country are 

situated in these zones.  
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2.4. Agricultural systems  

 
Agricultural systems are set by a mix of agro-ecology and culture. Green (1974) 

states,  

“In terms of agricultural systems, nature establishes certain exogenous 
variables; man with his knowledge, skills, social values, attitudes, and 
customs establishes other exogenous variables and manipulates the inputs 
of resources available to the system. The endogenous characteristics of the 
production function establish the interrelationships between exogenous 
factors of production and endogenous products, each of which has an 
economic value in monetary (cash) or non-monetary (non-cash) terms 
depending on the method of obtaining resources and disposing of 
products.”  

Agro-ecology sets the limits of what is economically possible by determining such things 

as type of soil and levels of rainfall.  

Ethiopia is predominantly an agricultural and pastoral country. Abegaz (2004), 

Getahun (1978 and 1980) and Sisaye (1980) classify the agricultural systems in Ethiopia 

into two dominant systems: (1) the mixed agriculture of the highlands, and, (2) 

pastoralism in the lowlands. The mixed agriculture of the highlands represent the 

traditional (peasant) agriculture, where both crops and livestock productions are 

integrated in a horticulture-livestock (hoe-agriculture) or in a mixed crop-livestock 

(plough-agriculture) subsystems. 

 
2.5. The political and policy milieu  
 

Ethiopia has passed through three distinctive political systems in its history; a 

feudal monarchy that reigned in the pre-1974 period, with a brief break during Italy’s 

occupation (1935-1941), a military-socialism (1974 – 1991), and a federal republic with a 

market economy (1991 – the present). These different political systems have had impacts 

on key rural livelihood bases such as land tenure and administration and overall rural 

economic activities.  
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2.5.1. Land tenure and agrarian policies 

 
The pre-1974 (feudal) era 
 

Rural land reform/land tenure has been one of the central themes in Ethiopian 

politics over the last half of the 20th century. In pre-1974 Ethiopia, land tenure varied 

largely according to local customs, types of agriculture (settled agriculture in the 

highlands vs. pastoralism in the lowlands), and power relations that existed in different 

parts of the country. Land rights were more strictly defined in areas where settled 

agriculture was predominant and where size of landholding was an expression of wealth 

and social status than among the pastoralists where wealth was measured in terms of the 

size of cattle herds owned (Lipsky, 1962). Among the numerous forms of land tenure that 

existed in the pre-1974 era, Debele (2002) and Lipsky (1962) identify four distinct land 

tenure systems that existed in the country: the ‘rist’ (communal) land under customary 

tenure; the ‘gult’ (private) land with freehold title; nomadic tenure system; and state-held 

land where the state retained legal ownership. The rist and the gult tenure systems were 

of particular significance for the highland peasant farmers.  

The ‘rist’  (communal) type of land tenure was most common in the northern part 

of the country. In this system the land was technically owned by the community as 

defined by the local kinship structure where individual use rights were held in the form of 

communal tenure. The land rights of those using this tenure system were either based on 

inheritance or allocation to any descendant who would claim rights over the land. In both 

cases the land user had no right to mortgage it or to either sell or transfer his land holding 

to others outside of the kinship on gift. 

The ‘gult’ (private) land was most predominant in central and southern Ethiopia. 

This system signified a feudal relationship involving tenancy of peasant farmers who 

worked on the land in a sharecropping arrangement. The merit of the gult land holding 

system was that it allowed the sale, exchange, transfer, and mortgaging of land. On the 

eve of the 1974 revolution, 53 % of rural people were tenants on private land holdings 

(Debele, 2002). The system of tenancy in operation was exploitative and insecure for 

peasant farmers. Peasant farmers in this tenure system lived in a crop-sharing 
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arrangement giving one-third to three-fourths of their annual production to the landlords 

(Wood, 1993).  

Insecurity of tenure for land users was particularly horrendous in the private 

tenure system where tenancy prevailed in most of the holdings. Among the sources of 

insecurity of tenure for the tenants were unenforceable oral contractual arrangements, 

eviction without compensation, and lengthy and costly disputes and litigation. Such 

insecurity of individual tenure under the feudal system discouraged the tenants’ 

individual motivations to invest in land and productivity improvement measures (Belete, 

et. al., 1991).  

 
The 1974-1991 (socialist Derg) period 
 
Popular discontent with the feudal land tenure and land-related institutions 

provoked social upheavals and a revolutionary movement that culminated in the removal 

of the monarchy and the associated feudal system in 1974. The military government (also 

known as ‘Derg’) that seized power in 1974 carried out an extensive land reform in 1975. 

The Derg adopted a socialist agrarian policy that embarked on two strategic systems: (1) 

equitable systems of land redistribution, and (2) systems of production and circulation 

(Woldemeskel, 1989). The first strategy was to be achieved by a land reform 

proclamation enacted in 1975. The second was to be met by villagization and 

resettlement1. The reform dissolved all existing tenancy and declared all rural land to be a 

public property, thereby abolishing private land ownership. It also abolished land 

markets. Hence, access to most cultivated land was determined by administrative 

allocation.  

Smallholder farm households were organized into peasant associations (PAs) each 

on a nominal 800 ha of land and typically made up of 300 to 400 farm households. The 

PAs were created to assume the functions of local governments and self-reliant 

development units (Dejene, 1989) and have continued in that capacity to the present. 

Land was distributed to landless peasants by PAs.  On a national level, the proclamation 

entitled every farm household up to 10 ha of land. However, at a local level, the actual 

                                                           
1 Cohen and Isaksson (1988) reported that by 1986, some 800,000 peasants (out of planned 1.5 million) 
were resettled from food short areas of the north to western parts of the country. About 12% of the rural 
population was also moved to new villages.  
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size of land allocation depended on the amount of land available to a PA, the size of the 

family per household, and the number of household in the PA. Due to differing 

population densities and land qualities from one locality to the other, uneven distribution 

and access to land was evident then and has worsened over time with population growth.2  

 Throughout most of the 1980s, the rural policy of the Derg consisted of state 

commercial agriculture, collectivization, market control, resettlement, and villagization as 

integral elements of the agricultural socialization (Rahmato, 1993). Critiques of the 

Derg’s socialist agrarian policy argue that the policy has negatively affected the 

production, consumption, income distribution, and overall well-being of Ethiopia’s 

peasant communities (Rahmato, 1993; Belete, et. al., 1991; Woldemeskel, 1989; Franzel, 

et. al., 1989).  

First, although all rural households were given land to cultivate, land tenure 

security remained highly uncertain since land was kept under public ownership and 

redistribution took place frequently during much of the Derg’s time. Insecurity of tenure 

was further compounded by the resettlement and villagization campaigns of the Derg 

which, according to Cohen and Isaksson (1988), made smallholders to see their 

relationship to farmstead and land as neither fixed nor secure.  

Secondly, the PAs were required to form agricultural service cooperatives (ASCs) 

and agricultural producers’ cooperatives (APCs). The objective of the ASCs was to 

deliver member farmers’ produce to the state parastatal agency, the Agricultural 

Marketing Corporation (AMC), which required peasants to sell to it certain quota of their 

produce at fixed prices that were often lower than market prices.3  

Thirdly, formal hiring of agricultural wage labor was prohibited and restrictions 

were placed on migration. The result of all these policy measures was to limit farmers’ 

investment incentives in long-term endeavors and forcing them to switch into production 

                                                           
2 Cohen & Isaksson (1988) noted that few peasant holdings came close to the 10 hectare ceiling, and 
estimated actual land holding of most farmers not to be more than one to two hectares as land was being 
subdivided and reallocated to accommodate new farmers. Such subdivision and reallocation of land not 
only diminished the size of individual holdings, but also resulted in insecurity of tenure.  Resettlement and 
villagization made the security of tenure worse as they made the farmers’ relationship to farmstead and 
land neither fixed nor secure.  
 
3 According to Woldemeskel (1989), the AMC’s fixed prices were often 50 – 60% lower than what the 
farmers would have received in the open market. 
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of agricultural commodities, such as livestock and vegetables, which were not yet 

controlled by the state. (Cohen and Isaksson, 1988). 

 
Post Derg period: 1991 – the present 
 
The most important policy changes of the current government, which seized 

political power in 1991, included suspension of land redistribution with some notable 

exceptions (Holden and Yohannes, 2002), elimination of the restrictions on interregional 

trade, abolition of compulsory grain delivery, suspension of forced collectivization, 

villagization or resettlement, and devolution of the management of land to regional states 

(Abegaz, 2004). 

However, the land policy is largely a continuation of the policies of that of the 

preceding government; state control of land and entitlement of peasant farmers to free 

land. The 1995 constitution of the Federal Democratic Republic of Ethiopia declared the 

rights to ownership of rural and urban land and all natural resources as being ‘exclusively 

vested in the State and in the peoples of Ethiopia,’ and that ‘land is a common property of 

the Nations, Nationalities and Peoples of Ethiopia and shall not be subject to sale or to 

other means of exchange’. The constitution declared that ‘Ethiopian peasants have right 

to obtain land without payment and the protection against eviction from their possession.’  

The constitution also provided full right to bequeath, remove, transfer title, or to claim 

compensation for property developed on land. 

Pursuant to the constitution, the current government policy designates all land as 

state property. The policy declares that farmers are entitled to lifelong, inheritable and 

transferable rights to the use of land and properties developed on it. However, with land 

still being under state ownership, the declared entitlements have often been surrounded 

with doubts of security. A land use and ownership policy with elements of improved 

tenure security was not put in place until the mid-2000s when new policies and 

accompanying legislation on rural land use and administration were proclaimed at federal 

and regional levels. These policies and legislations define the use, transfer, and 

compensation rights of peasant farmers. They also provide for the registration and 

issuance of a book that certifies each individual farm household regarding these land 

rights.  
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The Federal Rural Land Administration and Use proclamation 456/2005 provides 

the rights and obligations of land users on a national level. The federal proclamation 

states that any peasant farmer/pastoralist engaged in agriculture for a living shall be given 

rural land free of charge without any time limit. The proclamation provides peasant 

farmers the right to transfer and inherit land to and from family members, and to be 

compensated in case of eviction for purposes of public benefit. It also legalizes rental of 

land to other farmers or investors. Two important tenure security aspects of this new land 

proclamation are (1) the recognition of the rights of women, both single and married, to 

have equal entitlement to land as men; and (2) the provision to issue holding certification 

to any holder of rural land.  

 In accordance with the federal proclamation, the regional governments have also 

issued proclamations on land administration and use in their respective regions. Two of 

the regional proclamations are that of the Amhara Regional State (ARS) issued in 2006 

and that of the Southern Nations, Nationalities and Peoples Regional State (SNNPRS) 

issued in 20074. Both proclamations provide the same rights declared in the federal 

proclamation regarding the entitlements of peasant farmers to free land for an unlimited 

time, rights to inherit, transfer, rent, and to be compensated for expropriated land and the 

properties on it.  

Although these recent land use and administration proclamations provide 

improved entitlements to rural land users as defined in the constitution, the right to 

ownership of land is, however, vested in the state. Both the federal as well as the regional 

land use and administration proclamations prohibit the transfer of land holding to others 

in sale or in exchange by another property.  

 

2.5.2. Forest and related policies 
 

The feudal system that dominated the pre-1974 did not have policies for 

sustainable management of natural forests or for promotion of private forest 

development. The land tenure system was not conducive for tenant farmers to invest in 

long-term crops such as tree planting on farms. 

                                                           
4 The Amhara regional State (ARS) and the Southern, Nations, Nationalities and Peoples’ Regional State 
(SNNPRS) are regional states where the two sites for this study are located.  
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The rural development plans of the Derg government (1974 – 1991) entailed 

massive state soil and water conservation, afforestation and community forestry 

programs. A number of state-owned fuelwood and industrial plantations were established. 

A strong and fairly well budgeted government agency – Forestry and Wildlife 

Conservation Authority – was established. Forestry issues were given good media 

coverage. The Derg government also established the first forestry college to produce 

technical forestry personnel which was one of the constraints at the time. However, the 

planning and implementation of all the reforestation programs were top-down and 

coercive and were, therefore, not popular among the rural people (Tedla and Lemma, 

1998; Hoben, 1995). Forestry legislation of the Derg did not recognize the right to use 

forest products by communities or private ownership of woodlots. Although the 

agricultural extension programs attempted to promote farmers’ tree planting by supplying 

free seedlings, farmers had to get permission from their respective PAs to cut and use 

trees they grew in their back yards.  

The current government has promulgated various sectoral policies to support the 

realization of the market economic policy that it has adopted since it first seized power in 

1991. A number of sectoral development policies and strategies of the government tend 

to promote farm forestry/agroforestry in the smallholder agricultural systems. The 

primary focus of the Agriculture Development Led Industrialization (ADLI), which is the 

central economic development strategy of the government, is on enhancing the 

productivity of smallholder agriculture. The forestry, woodland and tree resources 

management program strategies of the National Conservation Strategy (NCS, 1997) aim 

to promote conservation of natural forests and development of farm forestry and 

industrial plantations for tree production and ecosystem management. The Rural 

Development Policy and Strategies (2002) emphasize improved land-use practices and 

diversification of production activities to increase the productivity and sustainability of 

the smallholder agriculture. The policy aims to promote forests and agroforests as part of 

the diversification of farm activities and as a means of income generation. The Food 

Security Strategy (2002) identifies agroforestry, production of wood, harvesting of 

medicinal plants, and incense as some of the important farm activities that will have to be 

promoted to diversify production and to generate more income.  
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The investment proclamations promote small-scale and commercial forest 

production. The economic policy reform has liberalized forest product pricing and 

marketing. The federal and regional rural land use and administration proclamations 

issued over the past 3 years contain provisions of improved land and tree tenure securities 

although they still keep land under state property and prohibit holders from selling or 

mortgaging land. In 2007, the federal government enacted the first forest policy 

document that was followed by the forest development, conservation, and utilization 

proclamation No. 542/2007. The policy contains a set of incentives for smallholder 

farmers and investors to engage in forest production that include issuance of lease-free 

land, land tax exemption until trees mature for harvest, provision of technical support, 

and facilitating supply of seedlings and loans. However, although there appear to be good 

policy provisions promoting tree planting at smallholder and commercial levels, presently 

there is lack of strong institutional setup to spearhead the implementation of the policies.  
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Chapter 3. Review of Theoretical Literature and Empirical Evidence 

 

3.1. The basics of decision making 
 

Caroll and Johnson (1990) define decision making as “a process by which a 

person, group, or organization identifies a choice or judgment to be made, gathers and 

evaluates information about alternatives, and selects from among the alternatives”. The 

process whereby decisions are made is behavioral. Hence, understanding the decision 

making process requires an understanding of human behavior (Johnson, 1977).  

According to Boehlje and Eidman (1984), and Giles and Stansfield (1990), a 

decision-making process comprises the following five steps: (1) problem definition; (2) 

identification of alternatives; (3) gathering information and analysis of alternatives; (4) 

making a decision and taking action; and (5), evaluation of the outcome. The decision 

making in agriculture includes adjustment for timing and uncertainty because agriculture 

involves dealing with several factors (biotic, environmental, political, etc.) that render the 

outcomes of actions uncertain and over which the decision maker does not have complete 

control. This is particularly important in smallholder farming systems, in which the 

differences between favorable and unfavorable consequences can be important. The 

decision context of smallholder farmers is very different from that of commercial farmers 

in that smallholder farmers usually have limited resources and manage multiple and 

complex production systems.  

The decision making perspective assumes that people try to achieve preferred 

outcomes, objectives, or goals. The choice they make may have known outcomes (certain 

or riskless choice), or unknown outcomes but known likelihood of the range of outcomes 

(uncertain or risky choice), or outcomes with unknown likelihood of occurrence (decision 

under ambiguity). Under a given biophysical and socio-cultural environment, the 

likelihood of an alternative to be chosen by a decision maker is influenced by the 

characteristics of the specific decision maker and the relative values he or she attaches to 

the alternative. A single alternative may, therefore, receive different choice responses 

from various decision makers owing to their characteristic differences and differing value 

attachments. It is generally accepted that the decision-maker chooses the alternative from 

which he draws the greatest relative happiness or utility. 
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3.2. Decision-making theories 

 
Following Bell, et al. (1988), we can distinguish among three different 

perspectives in the study of decision making; normative, descriptive, and prescriptive 

approaches. 

Normative theory. The normative approach describes how people should make 

decisions. The focus is on rational choice and normative models are built on basic 

assumptions (or axioms) that people consider as providing logical guidance for their 

decisions. In the domain of decision making under risk or uncertainty, the expected utility 

model of von Neumann and Morgenstern (as cited in Nicholson, 2005) and the subjective 

expected utility model of Savage (1972) are the dominant normative models of rational 

choice. This theory proposes that individuals make decisions based on the expected 

outcomes of their decisions. In this model, decision-makers are viewed as rational actors 

who are able to estimate the probabilistic outcomes of uncertain decisions and select the 

outcome which maximized their well-being. 

The focus of the normative approach on rational choice has been criticized by 

advocates of alternative perspectives. The critiques surround the following assumptions 

held in the rational choice theory such as (Zey, 1992): 

• The individual is antecedent to and independent of the group; 

• Humans are only self-interested; 

• Humans act only out of rationality; 

• Humans are utility-maximizing; 

• Utility and value are subjective; and 

• The individual is the appropriate unit of analysis. 

Zey criticizes these assumptions of rational choice theory arguing in terms of 

human interdependence, moral and emotional acts, formal rationality (given ends or goals 

that are achieved) vs. value rationality (ends are chosen in the first place), social values, 

cognitive limitations, and social collective decisions. The critiques argue that individuals 

are typically not completely rational, or consistent, or even aware of the various elements 

that enter into their decision making. In addition, though people are good at estimating 
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relative frequencies of events, they may have knowledge limitations translating these 

frequencies into probabilities.  

Descriptive (positive) theory: The descriptive approach, also known as behavioral 

decision theory, derives rationality models from observing how decision makers actually 

make decisions. It attempts to identify decision criteria which are employed under 

varying situations, and assesses the degree of importance that different actors with 

different endowments ascribe to them. Descriptive studies may develop mathematical 

models of behavior, but such models are judged by the extent to which their predictions 

correspond to the actual choices people make.  

This approach attempts to identify decision criteria which are employed under 

varying situations, and assesses the degree of importance that different actors with 

different endowments attribute to them. A theoretical model is then developed based on 

understanding of the real-life decision processes of the actors. It differs from the 

economists’ methodical assumption that decision-makers can rank all the available 

alternatives on preferences or indifferences. Gladwin (1980) in her “Theory of real-life 

choice” states that the descriptive approach has proven to have high predictive power in 

farmers’ decision making strategies. She presents examples of models of agricultural 

decisions made by farmers in developing countries that included farmers’ choice of 

crops, marketing decisions, and adoption decisions. 

The prescriptive perspective focuses on helping people make better decisions by 

using normative models, but with awareness of the limitations and descriptive realities of 

human judgment. Such a model may not include all of the uncertainties, competitive 

effects, and sources of value that one might expect a fully “rational” individual or firm to 

consider. It would likely include approximations and short cuts that make the model 

easier to formulate, assess, and solve.  

Stewart (1997) describes the key difference between descriptive and prescriptive 

studies. According to him, in the descriptive study, the decision model is determined by 

the decision-maker’s behavior, and the goal is to obtain an accurate model of the 

decision-maker’s actual decision process. In the prescriptive study, the decision model is 

based on a normative theory that specifies an “optimal” decision rule (e.g. maximize 

subjective expected utility). As a result, a descriptive study will yield an estimate of the 
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actual value of an action to a real decision-maker who may or may not use information in 

an optimal fashion. A prescriptive study, on the other hand, will yield an estimate of the 

expected value of an action to an idealized decision-maker who behaves optimally 

according to decision criteria derived from the normative theory. 

 Techniques of decision analysis to be used in this study will integrate the notions 

of both normative and descriptive decision-making study approaches. 

 
3.3. Decision-making in smallholder farming systems 
 

Decision making at the farm level is basically the function of the farmer. The 

decision making task of the farmer is likely to be easier and more efficient if he has a 

simple objective (maximizing return, growth rate, etc.) and if he does not face any risk. If 

he has to modify the simple objective by the need of minimizing the adverse effects of 

risks and uncertainties, and/or by broader economic or social considerations, his decision 

making process is likely to be complicated, being subject to diffusion of objectives (Sen, 

1977).  

 
3.3.1. The farm household as both producer and consumer 
 

Smallholder farm systems are relatively complex, involving both production (of 

crops, livestock and off-farm income) and consumption (of food, other basic needs and 

some leisure) (Upton, 1996). The allocation of productive resources and the choice of 

activities are the result of decisions made by members of the farm household or the head 

of the household.  

Studies of tropical farm households have shown that farmers have a consistent set 

of objectives which guide their behavior. For example, a survey of 150 farmers in 

Nigeria, in 1991, showed that farmers identified six main objectives and ranked them, on 

average, in the following order of priority (Upton, 1996); 

1. food: provide food for family from own farms, 

2. educate: provide for the education of own children, 

3. debt: strive to repay debts and avoid more, 

4. profit: make the most profit from farming, 

5. employ: employ family members on own farm, 
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6. leisure: arrange work so as to have more hours off farm work. 

With the exception of the debt element, it is reasonable to suppose that farmers would 

prefer more rather than less of most of these objectives. They seek to improve their well-

being or utility.  

In economic theory, firms and households are treated as separate agencies with 

different economic roles. Firms are supposed to purchase all their inputs and sell all their 

products with the aim of maximizing profits, while households supply labor and other 

resources for hire and use the proceeds to purchase the goods and services they desire. In 

smallholder agriculture, both roles are combined in the same decision-making household.  

The majority of agricultural producers in the developing countries of the tropics 

are semi-subsistence farm households. Thus part of the total product is retained within the 

household for home consumption. The remainder, often referred to as the ‘marketed 

surplus’, is offered for sale (Upton, 1996; Ellis, 1993). The total quantity of an 

agricultural commodity offered for sale in a given market over a given period is 

influenced by the price of the commodity, the prices of alternative products and of 

purchased inputs, the size of the agricultural labor force and the production technology. 

Generally, decisions of the farmer in a given period are assumed to be derived 

from the maximization of expected utility (or expected profit) subject to land availability, 

labor, credit, and other constraints. Profit is a function of the farmer’s choices of crops 

and technology in each time period. It, therefore, depends on his discrete selection of a 

technology from a mix including the traditional technology and a set of components of 

the modern technology package (Feder, et. al. 1985). 

Given this discrete choice, income is a continuous function of land allocation 

among crop varieties, the production functions of these crop varieties, the variable usage 

of inputs, and the prices of inputs and outputs. Given the discrete choice and land and 

variable input values, the perceived income may be regarded as a random variable 

embodying objective uncertainties with respect to yields (and prices) and the subjective 

uncertainties associated with the farmer’s incomplete information about the production 

function parameters. 

Most adoption studies assume that the amount of land a farmer can operate each 

period is given and, thus, that he maximizes his expected utility subject to land 
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availability. Imperfections in the credit and labor markets may also result in credit and 

labor constraints that affect the farmer’s choice (Feder, et. al., 1985). The solution to the 

temporal optimization problem at the beginning of each period determines the farmers’ 

allocation of land among crops, and his use of variable inputs. At the end of each period, 

the actual yields, revenues, and profits are realized. This added information, as well as the 

experience accumulated during the period and information on outcomes obtained by 

other farmers tends to update the parameters the farmer will use in his decision making 

for the next period. 

 
3.3.2. Peasant/smallholder5 economy and decision behavior 
 

Peasant farmers have been defined from social anthropological and economic 

contexts that generally sought to measure the extent of interaction and interdependence of 

the farm family with the ‘outside world’ in terms of market and social relations and their 

influence on production and consumption decisions (Wharton, 1969).  

Traditionally, peasants have been viewed to be parts of nonindustrial societies. 

Earlier social anthropological writings distinguished peasant farmers based on social 

characteristics focusing on peasants as communities rather than as single individuals or 

households and saw their decision making as highly village-focused with limited 

‘outside’ contact (Ellis, 1993). This view contends that peasant economic decisions are 

entirely determined by traditional inflexible rules, and consequently the village economy 

violates the economic principle of product or utility maximization (Georgescu-Roegen, 

1969). Socio-cultural obligations and social roles are cited as influencing factors in the 

process of peasants’ production and labor allocations as well as in the distribution or 

exchange of agricultural output in lines different from that of purely economic rationale. 

Firth (1969), for example, argues that “peasants are subsistence agriculturists whose 

occupation is livelihood and a way of life, and not a business for profit”. He points out 

that the consumption demands of the household are important as stimuli to the peasant 

economic activity, but the rewards for economic effort may lie to a great degree in the 

                                                           
5 Ellis uses the term “peasant” instead of “small farmer”.  Although the latter avoids derogatory 
connotations, it lacks a theoretical content as it is not possible to set a farm size limit to the domain of 
peasant economics. We will use the term “peasant farmer” and “smallholder farmer” interchangeably in 
this study.  
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fulfillment of social obligations and social roles, and, hence, patterns of decision are 

regulated accordingly.  

But with expansion of industrialization, improvement of communication services, 

increased migration to towns, and the subsequent transformation of traditional agrarian 

institutions, isolation of rural populations is rapidly breaking down (Barlett, 1980).  

Hence, the earlier attributes that saw peasants as dispersed, isolated, traditional 

cultivators, and self-sufficient (subsistent) communities, have evolved to ones that 

identify them as farm enterprises that are part of a larger economic system. Pure 

subsistence production assumes a fully self-contained and self-sufficient situation where 

all production is consumed and none is sold and where no consumer or producer goods 

and services from outside sources are purchased. However, with emerging market 

integration, pure subsistence production is rare in the real world. Hence, peasant farmers 

operate somewhere on a continuum between pure subsistence at one extreme and 

commercial production at the other. Barlett points out that research on family farms in the 

western industrialized economies has shown that methods used to understand industrial 

agriculture are also applicable to peasant production strategies. He argues that all farmers 

make choices on how to allocate the resources available and all operate within the 

cultural and institutional environment in which they are located. 

The economic criteria bases its definition of peasant farmers on ratios of family 

product consumed and sold, labor source, extent of market integration, sophistication of 

technology used, and decision-making freedom. Ellis (1993) provides the economic 

definition of peasants as ‘households which derive their livelihoods mainly from agriculture, 

utilize mainly family labor in farm production, and are characterized by partial engagement in 

input and output markets which are often imperfect or incomplete’. 

Two important characterizing factors of smallholder (peasant) farmers is that they 

often operate under imperfect markets of inputs (labor, land, and material) and outputs. 

The production and consumption decisions of the household cannot be separated when 

land and labor markets, markets for other inputs, or product markets are imperfect.  

With peasant households being production as well as consumption units, the 

economic decisions entail close interrelationship between production and consumption. 

Wharton (1969) points out that when consumption and production decisions are 
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intertwined, and the degree of dependence upon own farm production makes 

consumption/survival considerations overrule commercial objectives, decision-making 

and economic behavior are affected accordingly.  

Three economic theories are commonly mentioned to describe the production and 

consumption behaviors of peasant households (Ellis, 1993; Mendola, 2007). Each 

theoretical approach assumes that the peasant household has an objective function to 

maximize, a set of constraints, and accordingly behaves in their production and 

consumption decisions. 

Profit-maximizing peasant theories. Referring explicitly to allocative efficiency, 

this theory assumes that peasants have the objective of maximizing profit where 

efficiency is defined in the context of perfect competition. The main caution about this 

approach is that profit maximization has both behavioral content (motivation of the 

household) and a technical-economic content (farm economic performance as a business 

enterprise). It is more concerned with the outcome of those decisions for the efficiency of 

the farm than with the way farm household reaches its decisions. 

Utility-maximizing peasant theories. This theory takes account of the dual 

character of the peasant household as both family and enterprise and thereby of the 

consumption side of peasant decision making. This model incorporates the notion of full 

household income (Becker, 1965) and conceives the household as a production unit 

which converts purchased goods and services as well as its own resources into use values 

or utilities when consumed. Thus, the household maximizes utility through consumption 

of all commodities (i.e. home produced goods, market purchased goods and leisure) 

subject to an income constraint. 

The risk-averse peasant. This theory states that the objective function of peasant 

households is to ensure the survival of the household by avoiding risk. Peasants live and 

operate under a very high level of uncertainty because of natural hazards (weather, pests, 

disease and other natural disaster), market fluctuations and social uncertainty (insecurity 

associated with control over resources, such as land tenure and state interventions and 

war) (Ellis, 1993). According to this theory, other things being the same, a risk-averse 

farmer, also described as ‘safety first’ farmer (Henrich and Mcelreath, 2002; Moscadi and 
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Janvry, 1977), prefers a smooth consumption stream to a fluctuating one which entails a 

low risk portfolio-choice of productive activities (Ellis, 1998; Schluter and Mount, 1976). 

 
3.3.3. Risk and uncertainty in smallholder agricultural decision-making 
 

Farmers principally face two types of risks6 (Upton, 1996): 

a) production risks, which arise from environmental variations and natural causes 

such as outbreaks of disease, parasites, drought, etc. 

b)  price risks (market uncertainties), which creates uncertainties in the prices of 

farm products and the inputs used in the production. 

All of these are significant in African agriculture, where unreliable rains and pest and 

disease outbreaks cause wide variation in resource availability and farm yields. Generally 

there are wide seasonal and unpredictable fluctuations in market prices, while 

information on alternative technologies or the market situation outside the immediate 

locality is often lacking. Hence the farmer cannot plan with certainty; his decisions are 

subject to risk. 

The attitude of smallholder farmers towards risk will affect the decision-making 

process by influencing the perception of costs and benefits associated with the decisions. 

This attitude is important in that it may lead to the following (Ellis, 1993): 

a) sub-optimal economic decisions (absence of profit maximization) 

b) unwillingness to adopt innovations (peasant conservatism) 

c) diversification to ameliorate the effects of risk. 

In other words, in addition to economic criteria, smallholder farmers will almost 

invariably consider risk in their agricultural decision making. Therefore, the first step in 

solving any agricultural and tree farming study involves identifying the problem and 

criteria or goals that farmers use when choosing between alternative strategies.  

 
 

 

                                                           
6 Risk is a measure of the effect of uncertainty on the decision-maker. 
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Chapter 4. Conceptual Framework of Factors Influencing Decision-Making 
by Smallholder Farmers in Farm Tree Growing  
 

4.1. Determinants of smallholder tree planting decisions 
 

A wide range of factors that influence smallholder farmers’ decision on farm tree 

planting/agroforestry adoption are identified in the literature (Bannister and Nair, 2003; 

Pattanayak, et. al., 2003; Adesina and Chianu, 2002; Salam, et. al., 2000; Viswanath, et. 

al., 2000; Gilmour, 1995; Scherr, 1995a; Warner, 1995). These factors are grouped into 

those that relate to characteristics specific to farmers and farms, economic factors, 

institutional and policy factors, and biophysical (agro-ecological) factors that are briefly 

discussed below. A conceptual framework for the factors influencing decisions made by 

smallholder farmers in farm tree management is illustrated in Figure 4.1.  

 
4.1.1. Household characteristics 
 

Age, gender, and education of the household head and other adult members of the 

family are believed to influence preferences of smallholder farmers in production and 

consumption decisions (Pattanyak, et. al., 2003). The way farmers practice farm tree 

planting evolves over time as their experience mature, the characteristics of their fields 

change, or their household resources increase or decrease as they age (Bannister and 

Nair, 2003). The objectives, knowledge and attitudes of farmers have an influence on 

household activities including farm tree growing. Smallholder farmers normally have 

multiple objectives for growing trees (own consumption, source of cash, animal fodder, 

and other service functions) and these are likely to influence the decision-making process 

(Upton, 1996). The farm experience and education (both formal education and informal 

training) of the farmer are important characteristics that influence decisions made in farm 

tree planting (Adesina and Chianu, 2002).  

The likelihood of farmers planting trees is also dependent on their attitudes and 

perceptions; i.e. perceptions of feasibility and value of the likelihood that trees will 

promote the farmers’ overall objectives (Pannell, 1999). More important is also the 

perceived risk in the agricultural production system (Mahapatra and Mitchell, 2001; 

Bannister and Nair, 2003). Farmers’ risk assessment of farm tree planting often arises 



 

 

28 

from tenure insecurity and production failures. Where farmers perceive uncertainties in 

land and tree tenure, they do not show interest in investing in multi-year crops such as 

trees (Bannister and Nair, 2003; Warner, 1995). On the other hand where farmers 

perceive possible failures in food crops, they tend to diversify their farming systems by 

also incorporating trees.  

           

 
 
           

            
            
            
            
            
            
            
            
            
  

 
 
           

            
            
            
            

 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 4.1. Conceptual model of factors influencing smallholders’ decision in farm tree 

planting. 
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4.1.2. Farm characteristics/Resource endowments 
 

Important farm characteristics/resource endowments include level of 

intensification, size of landholding and labor availability, total household income, 

livestock, access to existing forest resources, and distance to market. The level of 

diversification of the production system is an important factor influencing farm tree 

management decisions (Mahapatra and Michel, 2001).  

Resource endowments measure the resources available to the farm household 

(land, labor, livestock, and savings) for adopting new farm technologies such as tree 

planting (Pattanyak, et. al., 2003), or for maintaining traditional farm practices. The 

trade-off between agricultural production and tree growth is an important factor in the 

farmers’ allocation of family land and labor. Land size could be a crucial factor in this 

trade-off as it limits the number of trees that land-poor farmers can tolerate to grow close 

to their food crops in view of the possible competition and shade effects of trees. It is 

generally expected that tree planting increases with the size of household land owned. 

Since tree planting is not as labor intensive as other agricultural production activities, 

farmers whose main source of income is non-agricultural are more likely to plant trees on 

farms (Salam, et. al. 2000). Generally, resource endowments are likely to be positively 

correlated with probability of farm tree planting. 

Scarcity of wood supply from existing forest resources is cited as an important 

factor influencing tree management and wood production by farmers. Gilmour’s (1995) 

models on the likely responses of Nepalese farmers to tree planting and protection 

indicate that the farmers’ interest in devoting land and labor for growing trees declines 

with proximity to available existing tree and forest resources. Where wood supply from 

nearby forest resources is scarce, high collection time and purchasing cost of fuelwood 

are expected to have a positive influence on farmers’ tree planting decisions. 

 
4.1.3. Biophysical factors 
 

Biophysical characteristics, especially soil quality and slope of farmland are 

related to the production process of food crop and tree farming. In general, poorer 

biophysical production conditions (plots with poor soil fertility for food crop production 

or highly exposed to erosion) are likely to be positively related to tree planting 
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(Pattanayak, et.al., 2003). However, there is threshold quality below which any 

productive investment may not be useful.  

 
4.1.4. Economic factors 
 

Economic factors that influence the decisions of smallholder farmers include 

availability of markets for outputs as well as inputs, the level of input and product prices, 

and potential income losses or gains. These factors are primarily about market incentives 

that explicitly lower and/or increase benefits from adopting a technology or crop. A 

market factor that is expected to increase the net benefits associated with the technology 

or crop is likely to be a positive influence on adoption. 

Emerging changes have been observed in smallholder farmers’ traditional farming 

systems as a result of increased integration of the rural economy into markets. However, 

the impact of market integration on farm tree management, which primarily works 

through farm product and labor market, can be ambiguous. For example, Dewees 

(1995a), Dove (1995) and Gilmour (1995) note how integration of farmers to market 

influenced on-farm tree planting directly by creating market opportunities for trees 

produced by farmers, and indirectly by creating off-farm employment of family labor. 

The authors reported that availability of off-farm employment resulted in a shortage of 

labor to work on time-consuming daily collection of forest products. The result was that 

trees were cultivated close to the house in order to make wood collection less labor-

intensive. In Pakistan, on the other hand, Dove (1995) found lower interest among 

farmers in tree cultivation with greater proximity to towns and roads, because villagers 

usually were more involved in off-farm income-producing activities. 

 
4.1.5. Institutional and policy factors 
 

Institutional and policy factors include land and tree tenure security, the 

organization of overall rural development and forestry system, extension services, and 

information sources. Tenure insecurity is defined here as the perceived probability of 

losing ownership of a part or the whole of one’s land without his/her consent (Sjaastad 

and Bromley, 1997). Land ownership in agrarian societies is not only the main means of 

generating a livelihood, but it is often also the primary means for accumulating wealth 
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and transferring it to subsequent generations. Perceived tenure insecurity can, therefore, 

have a profound bearing on how farmers make use of their land in terms of short-term 

and long-term crops and investment in land improvements.  

Deininger and Feder (2001) argue that tenure security determines households’ 

ability to produce their subsistence and generate market surplus, and their social and 

economic status. According to them, land rights affect the transactions that would bring 

land to its most productive use, and provide the incentives for rational economic agents to 

undertake efficiency-enhancing transfers and land-improving investments. Place and 

Hazell (1993) hypothesize that farmers are more likely to improve land in which they 

have a long-term interest, both in terms of their rights to cultivate the land on a 

continuous basis and to dispose of the land in ways that provide adequate compensation 

for the value of any investments.  

While several authors on tenure recognize this impact, there are, however, 

differences over whether land tenure has positive, negative, or no effect on owners’ land 

use and management decisions. Brasselle et. al. (2002) attribute such ambiguous impacts 

of land tenure on farmers’ land investment decisions to failures in controlling for some 

factors such as endogeneity of land rights, and existence of customary tenure systems 

before the granting of current land titles. (A summary of findings from some studies 

made on the impact of land tenure on farm land investment decisions, including planting 

of trees, is presented in table 4.1.) 

The frequency with which the farmers have contact with extension agents is 

important in the acquisition of informal education (Salam, et. al., 2000; Adesina and 

Chianu, 2002). Hence the efficiency of the agricultural extension service and 

dissemination of information is crucial in building the farmers’ human capital and their 

decision making and farm management activities.  

The above review of theories on agricultural decision making and empirical 

findings on farm tree management decision was used as the guiding framework for this 

research on the smallholder farmers’ tree growing decision making in the selected study 

sites of Ethiopia. Based on the above review of theories and findings from related studies, 

thirteen explanatory variables were selected for the empirical analysis of the determinants 

of the farmers’ decisions on farm tree production. Description of the selected variables 
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and their expected effects are presented in Appendix A and are also summarized in the 

subsequent sections.  

  

Table 4.1. Effect of land tenure security on farm land investment. 
 

Country

  

Effect of land tenure security on 

farm land investment 

Source/Researcher 

Burkina 

Faso 

Investments did not vary significantly 

between owned and borrowed fields 

Brasselle, et.al. 2002 

Ghana Effect of land tenure on tree planting 

varied by locality. 

Migot-Adholla, et.al., 

1991 and 1994 

Indonesia Tree planting was associated with 

stronger individual rights 

Suyanto, et.al., 2001 

Kenya  No relationship between land tenure 

and tree crops, after controlling for 

other possible effects. 

Brasselle, et al., 2002 

Rwanda Relationship of land rights and 

farmers’ long-term investments varied 

by locality 

Migot-Adholla, et al., 

1991; Place and Hazell, 

1993. 

Thailand Titling of land had a decisive 

influence on investment behavior. 

Feder, 1987 

Uganda

 

  

Land registration positively but 

insignificantly related to all long-term 

investments 

Roth, et. al., 1994 

Zimbabwe Significant and positive effect on 

long-term on-farm investments 

Moor, 1996 

 
Source: Brasselle, et. al. (2002). 
 

 
4.2. The agricultural household model 
 

Taking into account the above conceptual framework, agricultural household 

models can be used to analyze the smallholder farmer’s household decisions to plant 
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trees. Under partial subsistence conditions, the production and consumption decisions of 

rural households are often interdependent because household labor is a key input for 

agricultural production and the returns from the household’s agricultural activities 

constitute an important share of the wealth that households have available for 

consumption purposes (Amacher, et. al., 1999).  

The model is based on the theory of the farm household (Ellis, 1993; Singh, et.al. 

1986) and the literature on adoption of agricultural innovation (Feder, et.al, 1985). In this 

theory, the household farm maximizes utility (U) over a set of consumption items 

generated by the set home-grown agricultural products (Cf)), a set of purchased 

consumption goods (Cnf), and leisure (l). The utility a household derives from various 

consumption combinations and levels depends on the preferences of its members (ΩHH), 

shaped by the characteristics of the household, such as the age or education of its 

members, and wealth.  

max U(Cf, Cnf, l; ΩHH)     (4.1) 

Cf, Cnf 

Levels of farm produce to be consumed on farm (Cf) or sold (Q - Cf) are chosen 

from a vector Q of farm outputs. Decisions are constrained by a fixed production 

technology that combines purchased inputs (X), labor (L), and an allocation of a fixed 

land area (A = A0) among m crops, given the physical conditions of the farm (ΩF). 

Q = F(α, X, L, |A, ΩF)     (4.2) 

Each set of area shares (αi) among m crops sums to 1, ∑
m

i
iα = 1, i=1, … m.  

The objective function in Eq. (4.1) can then be re-written as: 

Max V(Cf, Cnf, l; ΩHH)     (4.3) 

  h 

where h = ((α1, …, αm) ≥ 0; Cf, Cnf, X, and L). 

Choices about the allocation of labor (household or hired) are constrained by total 

time (T) available for farm production and leisure (l), and by the full income of the 

household. Full income in a single decision-making period is composed of the net farm 

earnings (profits) from crop production and income that is exogenous to the season’s crop 
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and variety choices (Y0), such as stocks carried over, remittances, pensions and other 

transfers from the previous season: 

T = H + l       (4.4) 

pf(Q - Cf) - pxX - wL + Y0 = pnfCnf + wH   (4.5) 

where, pf is price of sold farm produce, px is average price of variable inputs, w is labor 

wage, and pnf is average price of purchased goods. 

Other constraints (market, institutional and policy factors, and cultural factors) on 

production and/or consumption decisions can be expressed as exogenous characteristics 

(ΩM).  When consumption and production decisions are not separable, the household’s 

optimal choice (h* =  α*, Cf*, Cnf*, X*,  L* ) can be expressed as a reduced form function 

of farm size, exogenous income, and household, farm and market characteristics: 

h* =  h*(A0, Y0, ΩHH, ΩF, ΩM)     (4.6) 

Eq. (4.6) forms the basis for the econometric estimation to examine the factors 

affecting the planting of trees by farm households. 
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Chapter 5. Methodology 

 

5.1. Description of the study sites 
 

In this section, we describe the location and the bio-physical and socio-economic 

features of the sites selected for this study. 

5.1.1. Location and basic features 

The two sites identified for this study - Basona Werena woreda7 and Sodo Zuriya 

woreda - are located 510 kilometers apart in the central and southern highlands of 

Ethiopia, respectively. These two sites are located in two of the nine federal states of the 

Federal Democratic Republic of Ethiopia (FDRE) – the Amhara Regional State (ARS) 

and the Southern Nations, Nationalities, and Peoples Regional State (SNNPRS), 

respectively. Poverty and environmental degradation are prevalent in both regions. Due 

to centuries-old settlement and cultivation, the Amhara region is one of the most 

degraded areas in Ethiopia. Scarcity of land, deterioration in soil fertility and unimproved 

agricultural technology have resulted in declining agricultural production of smallholder 

farmers in the two regions.  

The two study sites depict two different farming systems and socio-cultural 

settings. Food crop production is highly subsistent in both sites where 81% of the annual 

food crop production in Basona Werena and 75% in Sodo Zuriya are used for household 

consumption. The geographic locations and some basic biophysical and socio-economic 

features of the two sites are shown Figure 5.1 and in Table 5.1, respectively.  

Basona Werena is located in the North Shewa administrative zone of the ARS. It 

is one of the 105 weredas of the regional state. The total area of the wereda covers 1,399 

square kilometers. A 2002/2003 estimate shows that Basona Werena wereda had a total 

population of nearly 166,000 and a population density of 118 persons per sq. km. Debre 

Berhan is the main town of administrative and market center for the people in the wereda.  

Sodo Zuriya is located in the Wolaita administrative zone of the SNNPRS. It is 

one of the 77 weredas of the regional state. The total area covers 481 square kilometers. 

A 2002/2003 estimate shows that Sodo Zuriya wereda had a total population of nearly 

                                                           
7 Woreda is the 4th level administrative unit (somewhat equivalent to a county) after Federal, Regional 
State, and Zone in the administrative structure of the country.  
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246,000. With an average population density of 511 persons per sq. km, Sodo Zuriya is 

one of the most densely populated areas in the country. The main town is Sodo which is 

the administrative and main market center of the people in the wereda.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Geographical location of Basona Werena and Sodo Zuriya weredas. 

 
Wolaita, including Sodo Zuriya, is an area that is hit by recurrent food deficits 

mainly because of erratic rainfall, fragmentation of landholding, and poor production 

technology. Since the 1960s, the area has been faced with some ten drought episodes that 

resulted in severe food shortages and livestock deaths including one in 2008.  
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Table 5.1. Biophysical and socio-economic characteristic features of Basona Werena and 
Sodo Zuriya weredas. 

Characteristics Basona Werena Sodo Zuriya 

Area (sq. km) 1,399 481.25 

Elevations (masl) 1,980 – 3,000 1,500 - 2980 

Climate   

 -  Kolla, Woina Dega, Dega, Wurch (% of area)  --, 48, 50, 2 5, 90, 5, -- 

 -  Average annual rainfall (mm) 1,100 1,200 

 -  Temperature (oC) 6 - 20 15 - 20 

Population (2002/'03 est.)   

 -  Total population 165,716 245,964 

 -  Population density (persons per sq.km) 118 511 

 -  % of working age population (15 - 64 years) 52 32 

 -  Rural population (%) 95 80 

Rural farm household    

 -  Average family size 4.5 6.0 

 -  Average land holding (ha) 1.7 0.7 

 -  Male-headed HH 27,918 27,091 

 -  Female-headed HH 8,796 5,854 

Number of peasant associations (2007) 30 30 

Land use (%)   

 -  Cultivated land 47.3 57.3 

 -  Grazing land 13.1 16.3 

 -  Forest, shrub, bush land 8.5 10.9 

 -  Others including waste land 31.1 15.5 

  Source: Woreda reports. 

 

5.1.2. Agro-climates 
 

Basona Werena is characterized by a moderate to cool sub-moist mid-highland 

and Sodo Zuriya by moderate to cool sub-humid highland (EEA/EEPRI, 2002). About 98 
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percent of the land in Basona Werena and 95 percent of Sodo Zuriya lies in the woina 

dega (mid-altitude between 1500 and 2500 masl) and dega (high altitude above 2500 

masl) climatic zones. These climatic zones are suitable for human and animal habitation 

and for crop cultivation. The kolla (low altitude below 1500 masl) cover not more than 5 

percent of the land area in both sites. 

Under normal climatic conditions, Basona Werena has two rainy seasons. The 

short rain (belg) that falls between February and April and the long rain (meher) that falls 

between June and September. The average annual rainfall is about 1,100 mm, with about 

70% falling during the long rainy season, which is the main cropping season. The area is 

prone to flooding on bottomlands and night frosts that occur frequently from October to 

January. Sodo Zuriya receives rain during much of the year. However, the main cropping 

rainfall is bi-modal with short and long rainy seasons. The average annual rainfall is 

about 1200 mm. Rain fall in Sodo Zuriya is dispersed over more extended months than in 

Basona Werena.  Hence, there is usually some crop growing in the fields or home 

gardens of Sodo Zuriya throughout the year. Farmers use the short rains to plant mostly 

root crops, maize, and beans and the long rains to plant cereal crops. 

5.1.3. Soils 

The predominant soil in Basona Werena is a vertisol. Vertisols are heavy black 

clay soils which in most cases are found on flat poorly drained landforms and gentle 

slopes. Although vertisols have better fertility when compared to most other major soil 

types found in the country, their major constraint is water logging during wet seasons and 

cracking during dry seasons (Dubale, 2001). In some parts of Basona Werena, farmers 

practice soil burning (locally known as ‘gaye’8). It is an old practice in northern Shewa 

which some researchers observed as far back as the mid-19th century (McCann, 1995).  

The farmers’ objective of burning soil is to minimize water logging, control insects and 

                                                           
8 Soil burning (gaye) is one form soil fertility management that has been practiced in northern Shewa 
region. It is done by creating small mounds with surface soil on fallowed farm lands. Dung and residual 
straw are put inside the mounds to burn the soil. The ashes from the burned mounds are then spread out on 
to the farm. Gaye appears to be effective in raising fertility in the short term by raising available 
phosphorous, potassium, and soil pH. It is, however, a practice that reduces total productivity over the long 
term. Furthermore, making the soil mounds for burning, which, according to McCann (1995), could reach 
as many as 1200 per ha, is a labor intensive practice.  
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weeds, and to increase availability of certain nutrients, particularly phosphorous and 

potassium, that improve the fertility of the soil.  

The dominant soil types in Sodo Zuriya are vertisols and Nitosols (Pound and 

Jonfa, 2005). Nitosols are brown or reddish-brown soils which mainly occur in sub-moist 

to humid agro-ecological zones. These soils are highly weathered, moderately fertile 

characterized by high concentrations of nutrients and organic matter in the top few 

centimeters of the soil horizon. They are well drained, but are vulnerable to erosion and 

leaching.  

     
5.1.4. People and culture 
 

The people of Basona Werena belong to the Amhara ethnic group. The 

predominant religion in the area is Orthodox Christian. Religion related leisure time is 

significant in this area. According to Demeke (1997), 80% of the farmers do not work on 

some 8 saints’ days of the month and nearly 100% refrain from working on Saturdays 

and Sundays. The people of Sodo Zuriya belong to the Wolaita ethnic group. The 

dominant religions in the wereda are Protestant and Orthodox Christianity. Religion 

related leisure time is limited in Sodo Zuriya. 

Traditionally, a system of social stratification existed in the Wolaita society that 

grouped the people into three hierarchically related strata. They are (1) the ‘Goqa’ (‘free 

citizens’) which is the upper stratum that claimed to be a ‘royal’ clan of landholding 

farmers; (2) the ‘chesenya’ (‘artisans’), that included potters, tanners and blacksmiths; 

and (3) ‘Aylia’ (‘slaves’) who had no rights over land, or over their own labor (Carswell, 

2002). These social stratifications have gradually disappeared after the 1974 social 

revolution and the land reform that followed.  

Polygamy is more common is Sodo Zuriya and rare in Basona Werena. As a 

result, the proportion of female-headed households in Sodo Zuriya is substantially 

smaller than in Basona Werena. Having many children, particularly boys, is highly 

valued in Sodo Zuriya as children are considered a source of family labor. In the Wolaita 

tradition, inheritance of parents’ land, livestock and other property often went to sons. 

Female children inherited only if there were no male children in the family. 
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As elsewhere in the country, division of labor is gender oriented in the rural life of 

both Basona Werena and Sodo Zuriya. Farming is almost exclusively men's work in both 

sites whereas house management is that of women. Much of women’s time is devoted to 

household activities such as looking after children, gathering firewood, collecting water 

and preparing food. In Basona Werena, women help in soil burning (gaye making), 

weeding, and ground preparation for winnowing. The major areas of women’s 

engagement in farm activities are in livestock management and home gardening. In Sodo 

Zuriya, where home gardening is prominent and enset9 is one of the major components of 

the farming system, the management of the home gardens and harvesting of enset is 

primarily the responsibility of women.  

In male-headed households, agricultural decision making and control of income is 

largely male-dominated in both sites in which the husband makes the decisions with 

some consultations with the wife. The size and age structure of the household are 

important factors in decisions on land use, as each task has its own particular labor 

requirements (Pound and Jonfa, 2005). The agricultural decisions include the kinds of 

crops to grow, types of inputs to use, and amount of crops to sell. Women in male-headed 

households do not have much control over the management of major household 

properties beyond daily animal products, home gardens, and items they produce in their 

off-farm activities.   

  
5.1.5. Access to land 
 

Presently there are two main categories of ownership/access to land for 

smallholder farmers in both Basona Werena and Sodo Zuriya. One category is land 

distributed to farm households by Peasant Associations (PAs) and/or land inherited from 

or granted by relatives. This category of land is one that is formally owned and on which 

the farmers have relatively better control. The second category is land which some 

farmers additionally acquire from other farmers through a crop-sharing or rental 

arrangement. Such an arrangement is commonly made between landless or family labor-

                                                           
9 Enset (Ensete ventricosum, family. Musaceae) is a widely cultivated perennial crop in the mixed farming 
systems of southern and southwestern Ethiopia serving as staple food for about 15 million people. It is a 
deep-rooted plant that has a capacity to withstand seasonal rainfall shortages by drawing water from deeper 
sub-surface moisture reserves.  
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surplus and labor-short farm households or between households who have oxen and those 

who have not. The duration of contractual agreements is usually short-term and rarely 

exceeds more than two cropping seasons. However, it is often renewed on an annual basis 

for several years depending on the mutual satisfaction of the two partners. In the share-

cropping case, the land user is responsible for all the labor and material inputs of the 

production and harvesting operations and is expected to provide one quarter to one-half 

of the produce to the land owner. Use rights in both share-cropping and rental contracts 

are restricted. In some cases, the land owners do not have control over selection of crop 

types. In all cases, the land users cannot grow perennial crops on share-cropped or rented 

land.  

 
5.1.6. Settlement and land use 
 

Approximately 95% of the population in Basona Werena and 80% in Sodo Zuriya 

are rural dwellers. According to Kaplan, et.al. (1971), economy and security are primary 

factors shaping rural settlement patterns. As elsewhere in Ethiopia, patterns of residential 

settlement in the two study sites tend to vary with cultural backgrounds and suitability of 

land to support agricultural activity. In Basona Werena, where small grain constitutes the 

main staple crop, small village-type settlements of kinship family groups are common. 

This pattern of settlement also draws from a tradition developed during a time when land 

in the area was usually occupied and owned by kinship group, which allocated certain 

areas to individual families living together in the center of the community land. Close 

cooperation of the kinship group has always been essential to facilitate cooperative tasks 

on farms as well as to stand together against hostile attacks.  

Residential houses are most commonly situated on hilly outcrops that are less 

suitable for crops and that also provide better viewpoints to the surrounding farm 

properties. Although the new land allocation system introduced in 1975 and the 

villagization of rural households that was carried out in the 1980s have brought changes 

in the pattern, the village type settlement is still visible in Basona Werena.  

The land use in Basona Werena does not show the distinct spatial pattern of Sodo 

Zuriya. All the food crops are annual with cereals and pulses predominating. Food crops 
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are grown on the relatively more fertile lands. Trees, nearly all Eucalyptus, are planted on 

marginal lands, along eroded slopes, and around houses (Figure 5.2 and Figure 5.3).  

 

Figure 5.2. Land use in Basona Werena with trees planted in blocks. (Photo by author 

and Bliss, 2007.) 

 

Figure 5.3. Land use in Basona Werena with trees planted around homesteads. (Photo by 

author, 2007). 
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In Sodo Zuriya, where enset is the predominant staple food, the homestead type of 

settlement is common. Because enset is cultivated close to the home and by individual 

household members requiring less cooperative works with kinship groups, individual 

household settlements are preferred to village type settlement. Kinship ties are also strong 

in Sodo Zuriya. However, their importance is more in shared land use, caretaking of 

animals, and to some degree in labor exchange and, therefore, does not have much to do 

in patterns of residential settlement. 

The typical household land use exhibits a spatial pattern in which homes are 

ringed with enset, coffee, fruit trees and spices. Farmers plant these crops closer to their 

houses for ease of fertilization with manure and household refuse. Outer fields are 

occupied by grains, root crops, grazing fields, and woodlots (Figure 5.4 and Figure 5.5).  

     
       7 
         6 
 
 
 
 
 
 
  

     H 2             3         4              5 
 
 
 
 
        6 
          6  7 
 
            
Figure 5.4. Diagram of typical land use pattern in Wolaita. (Source: Pound and Jonfa, 

2005; Dea, 1997)10. 

 

                                                           
10 1. Front yard: place for social gatherings (also used for grazing); 2. House yard: place where house is 
built; 3. Darincha: a tiny plot where women grow spices; 4. Daruka (back yard or garden area): where 
most important crops (enset, coffee, and maize) are grown; 5. Shoka (out-field): the larger field where 
various grains, root crops, and others are grown; 6. mata gadiya or grass land: a plot which is used for 
grazing, tethering and cut-and-carry grass; 7. Mita gadiya or wood lot: outermost plot where eucalyptus and 
other trees are grown. Mita gadiya also demarcates the boundary of the holding.  
 

 
     1 
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5.1.7. Farming systems and agricultural technology 

 
The farming systems in both Basona Werena and Sodo Zuriya broadly represent a 

mixed crop-livestock production. Crop production, both for subsistence and cash 

generation, is the major activity of this system, with livestock playing a supportive role. 

More specifically, the farming system in Basona Werena is cereal-livestock system, 

while that of Sodo Zuriya is enset-coffee-cereal-livestock system (Getahun, 1980). Some 

studies describe the latter as simply the ‘enset-coffee’ system.  

Cereal crop production accounts to about two thirds of the cultivated land and the 

total annual crop production in the cereal-livestock farming system of Basona Werena 

(District report 1996 E.C.). The major types of crops grown are cereals (barley, wheat, 

tef11, oats), pulses (beans, peas, lentil, chickpea), and oil seeds. Vegetable and root crops 

account to only about 5% of the total production.  A widely practiced crop rotation is two 

consecutive cereal crops followed by legumes. 

 

 
 

Figure 5.5. A typical land use pattern in Sodo Zuriya. (Photo by author, 2007) 

                                                           
11 Tef  (Eragrostis tef (Zucc.)) is a fine stemmed, tufted annual grass that produce the major staple food in 
Ethiopia.  

Maize 

House Enset 
Coffee &  
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As in most parts of Wolaita, Sodo Zuriya is an area of intensive agriculture. The 

enset-coffee-cereal-livestock farming system of the woreda combines annual and 

perennial crops with livestock production. The main annual and perennial crops grown 

include enset, coffee, cereals (predominantly maize), root crops, vegetables, fruit trees, 

and other cash crops. Enset is an important crop in the wereda as one of the staple foods 

and as a crop which covers food gaps that occur in bad crop years.  Other staples are 

cereals, root crops and tubers.  

Household food security is the main factor that influences farmers’ decisions on 

crop diversity in Wolaita (Elias, 2003). Farmers in Sodo Zuriya plant diverse crops as a 

coping strategy for possible failures in one crop or another. Farm land is worked 

intensively all year round since there is a severe shortage of land and rainfall under 

normal years is also dispersed throughout most part of the year. Farmers practice 

rotational cropping to maintain the fertility of the soil by shifting between cereals and 

root crops. With such diverse and sequential cropping practices, most of the agricultural 

calendar year of farmers in Sodo Zuriya is a busy one.  

Integrated with crops, livestock plays an important role in the household 

economies of both sites. Cattle are used as a source of draft power and as a source of 

capital accumulation for potential investments in crop production. The most important 

animals in both study sites are oxen and cows. Many farmers in both sites also own 

donkeys, mules and horses which are used for transporting goods and people. Sheep are 

particularly prominent in Basona Werena which, besides being used for sale and 

household consumption, also supplies wool to the local wool factory located in the 

wereda town of Debre Berhan.  

As everywhere in the peasant agriculture of Ethiopia, the main agricultural 

technology used for plowing in both Basona Werena and Sodo Zuriya is the ox plow. 

However, there are also pockets of hoe horticulture in some parts of Sodo Zuriya where 

individual landholdings are too small, or farmers do not have access to oxen. Hand tools 

(hoes and sickles) are used for weeding and harvesting. 

  The only external inputs farmers use for food crop production are chemical 

fertilizers, improved seeds, and pesticides. A number of agricultural extension programs 

initiated over the past four decades emphasized the use of these inputs to improve the 
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smallholder food crop production.  However, some studies (Pound and Jonfa, 2005) and 

the author’s personal discussions with farmers indicate that due to increasing prices, the 

use of chemical inputs has declined over the past couple of years. Consequently, farmers 

in both sites are increasingly using manure and compost to improve the fertility of their 

land. 

 
5.1.8. Off-farm economic activities 
 

Both men and women in Basona Werena and Sodo Zuriya do non-farm and off-

farm works to supplement their household incomes. Trading agricultural products, 

artisanship and handicrafts are major off-farm activities in both sites. Making and selling 

local brews (tella and araki), and dung cakes (Basona Werena), and cash-for-work 

employment in rural development projects (Sodo Zuriya) are other important off-farm 

income sources. Production of local brews is carried out by women. Trading crops and 

animals both locally produced as well as from outside is also one of the money-making 

businesses in both sites. Women are more engaged in petty trade than men. 

 
5.1.9. Infrastructure and markets 
 

According to a World Bank report of 2004, the road density in both Basona Werena 

and Sodo Zuriya is 0.04 km per sq. km of land area. This level of road density is one of 

the poorest when compared to some other areas of the country which have two to four 

times more road density per sq. km. Rural feeder roads in both sites are very poor and 

inaccessible during wet periods. Both sites have small rural markets and nearby big urban 

markets. The major urban markets are Debre Berhan for Basona Werena and Sodo for 

Sodo Zuriya. 

 
5.1.10. Forest resources and farm tree planting 
 

Through centuries of settlement and land cultivation, Basona Werena, as 

elsewhere in northern Ethiopia, has long been devoid of natural forest. Referring to 

written documents and engravings of some 19th century travelers, McCann (1995) wrote 

that much of Ankober [a neighboring district to Basona Werena] and northern Shewa as a 

whole had been devoid of trees and wood fuel for at least 150 years.  
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In his 120 kilometers travel from Ankober to Addis Ababa, Forbes (1925) 

narrated that he “trekked across the plateau …unbroken by any vegetation”.  His travel 

account indicates that people in Basona Werena area had been heavily using cattle dung 

as fuel already by then. Figures 5.6 shows an engraving of wood sellers in Ankober in the 

late 1880s and a pile of dung cakes from an 1888 photograph (Figure 5.7) indicates that 

shortage of fuelwood in north Shewa was prevalent then.  

 

 

Figure 5.6. Wood sellers in Ankober, North Shewa, 1880. (Source: McCann, 1995). 
           
 

 

 

 

 

 

 

 Figure 5.7. A pile of dung cake in a North Shewan rural house, 1888. (Source: McCann, 
1995). 

 
Although planting of Eucalyptus was introduced into the area in the early part of 

the 20th century, some farmers and forestry personnel in the wereda tell that private farm 

tree planting in Basona Werena is a relatively recent phenomenon that gradually 

 
Dung cakes 
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expanded as part of the afforestation campaigns of the 1970s and the 1980’s. Presently, 

private farm trees, nearly all eucalyptus, are planted mostly on hilly patches, parts of farm 

lands that are not suitable for growing food crops, and around homesteads. Common 

problems with farm tree management in the area are termite attacks, frost damages and 

animal browsing of seedlings, mainly at establishment stages. 

In contrast to Basona Werena, Sodo Zuriya is an area that had a vast natural forest 

cover until the turn of the 20th century. However, with high population growth, expansion 

of agriculture, and heavy dependence on wood fuel for domestic consumption, the natural 

forest land has diminished over the years. Presently, scattered natural forests and state 

owned plantations cover about 11% of the land in the wereda.  

Farmers in Sodo Zuriya both plant and maintain some naturally regenerated trees 

on farms. This tradition originates partly from the nature of their farming system. 

Farmers keep some indigenous broad-leaved trees such as Cordia and Millettia species as 

shade in the enset-coffee gardens. The practice of planting Eucalyptus was initially 

introduced in to the area in the early 20th century by land owners and local chiefs who 

planted it as boundary trees and fences. There was a fairly wide introduction of tree 

planting by the Wolaita Agricultural Development Unit (WADU) program that operated 

in the region from1970 - 1982. It appears that the farmers had prior information that 

somehow influenced their attitudes towards keeping trees on farms. Our study showed 

that presently a large majority of farmers plant Eucalyptus trees on individual farms.  

 
5.2. Data collection methods 
 

The primary objectives of this study are to quantitatively estimate parameters by 

linking data on farm tree planting with biophysical and socio-economic data describing 

basic characteristics of the households, to test pre-conceived hypotheses, and to make 

statistically valid inferences to the populations which the study samples represent. 

Following the social science research approach decision tree framed by Bliss (1999) 

(Figure 5.8), this study is based on a survey approach as a primary method of 

investigation. However, in order to balance the breadth and depth of the investigation, 

focus group discussions and personal farm observations were also conducted. 
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Figure 5.8. A simplified social science approach decision tree. (Source: Bliss, 1999) 
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The data collection process involved review of existing information, preliminary 

visits, designing sampling procedure, data collection from sample households using 

structured questionnaires, focus group interviews, some field measurements, and direct 

personal observations.  

 
5.2.1. Preliminary work 
 

The preliminary work included review of secondary information and 

reconnaissance visits. All available sources of information such as agricultural and 

forestry statistics, maps and photographs, climatic and demographic data, land tenure and 

land use systems, relevant policies, and other studies made on the physical, economic, 

and cultural aspects of the area were consulted.  

The preliminary work also included visiting the two study sites and conducting 

informal discussions with farmers, rural development agents, peasant association leaders, 

forestry and agricultural personnel, as well as relevant experts. The purpose of this phase 

was to facilitate characterization of the existing farming systems and livelihood strategies 

of the farm households in the context of their specific biophysical, socio-economic, and 

cultural settings and to identify the sampling strategy to be employed. 

Direct personal observations were made on biophysical conditions of the study 

sites, gender roles, farm crops, household assets, non-farm activities, state of 

infrastructure, marketing, and noticeable biophysical conditions. Acquaintance with the 

farmers and relevant resource persons was established and appropriate contact persons 

identified who would facilitate a smooth entry into the farming communities and provide 

assistance in the detailed questionnaire survey that was to follow.  

  
5.2.2. Sampling procedure 
 

Sampling frame 

 
The study populations were all the households in each study site. The individual 

farm household was used as the unit of analysis. The household list of each peasant 

association in the selected study weredas constituted the sampling frame. 

 



 

 

51 

Sample size determination 

 
The minimum sample size for this research was determined using the power analytic 

approach in which the following values for alpha, power, effect size, number of 

predictors were suggested. 

- Alpha (α) was set at 0.05. 

- Desired statistical power level was set at 0.80, a value proposed by Cohen (1988) 

as appropriate for a wide range of behavioral research areas, as cited in Green 

(1991). 

- Effect size, f2 = 
2

2

1 R

R

−
, was set at 0.15 following Cohen’s suggested effect size 

values of 0.02, 0.15, and 0.35, which represented his respective operational 

definitions of small, medium, and large effective sizes obtained in behavioral 

sciences for corresponding R2 values of 0.02, 0.13, and 0.26.  

- Number of predictors (β) was set at 15. 

Based on these values set for alpha, desired statistical power level, effect size, and 

anticipated number of predictors, a sample size (n) of 150 households per study site was, 

therefore, considered adequate to balance required level of reliability and cost.  

 
Sampling strategy 
 

 In order to represent the population with sufficient accuracy and to infer the sample 

results to the population, the target sample households were selected in a random two-

stage sampling process. In the first stage, 10 primary sampling units, in this case, peasant 

associations (PAs), were randomly selected among a total of 30 PAs found in each study 

site. This number of PAs per study site was considered to be sufficiently large for 

drawing valid statistical inferences and was also manageable to be surveyed with the 

available resources of finance and time.  

 In the second stage, the households in the selected peasant associations were stratified 

into male-headed and female-headed households. Individual household units were 

randomly selected from each stratum. This stratification was necessary in order to 

analyze possible gender-based differences in farm tree growing. A reconnaissance survey 

of the two study sites indicated that 14% and 27% of rural households were female-
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headed in Sodo Zuriya and Basona Werena weredas, respectively. Hence, a proportionate 

sampling technique was employed in order to determine number of sample households 

relative to sizes of each stratum in the population. Accordingly, nF =  n
N

NF *  and nM = 

n
N

NM *  samples of female-headed and male-headed households were selected, 

respectively, where n is the total sample size for each woreda, and NF/N and NM/N are 

respective proportions of female-headed and male-headed household populations in the 

respective PA. The resulting sampling distribution of each study site by PA and gender of 

the household heads is shown in Table 5.2.  

 

Table 5.2. Peasant Association (PAs) and number of households randomly selected for 
questionnaire survey. 
 
 

Total number of households in sampled 

PAs 

Number of households 

sampled 

Male-headed Female-headed 

Name of 

PA 

Number % Number % 

Total Male-

headed 

Female-

headed 

Total 

Basona Werena 

Adisge 766 77 231 23 997 11 3 14 

Angolela 573 79 154 21 727 8 2 10 

Bakelo 1042 67 511 33 1553 15 7 22 

Bere 

Ager 

 

868 

 

71 

 

356 

 

29 

 

1224 

 

12 

 

5 

 

17 

Birbirsa 671 73 249 27 920 9 4 13 

Kor 

Margefia 

 

720 

 

57 

 

552 

 

43 

 

1272 

 

10 

 

8 

 

18 

Debelle 927 80 234 20 1161 13 3 16 

Goshe 

Bado 

 

554 

 

83 

 

112 

 

17 

 

666 

 

8 

 

2 

 

10 
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Table 5.2 (Continued). 
 
Gudo 

Beret 

 

1044 

 

74 

 

372 

 

26 

 

1416 

 

15 

 

5 

 

20 

Sarya 513 70 221 30 734 7 3 10 

Total 7678 73 2992 27 10670 108 42 150 

Sodo Zuriya 

Bugi 

Wanche 

 

975 

 

89 

 

123 

 

11 

 

1098 

 

14 

 

2 

 

16 

Damot 

Waja 

 

916 

 

90 

 

101 

 

10 

 

1017 

 

14 

 

2 

 

16 

Delbo 

Wegene 

 

552 

 

89 

 

71 

 

11 

 

623 

 

8 

 

1 

 

9 

Gulgula 871 86 144 14 1015 13 2 15 

Gurmu 

Woide 

809 90 93 10 902 12 1 13 

Kokatie  860 87 133 13 993 13 2 15 

Offa 

Gendeba 

 

906 

 

81 

 

210 

 

19 

 

1116 

 

13 

 

3 

 

16 

Offa Sere 836 82 188 18 1024 12 3 15 

Sholla 

Koddo 

 

1401 

 

85 

 

239 

 

15 

 

1640 

 

21 

 

4 

 

25 

Wareza 

Shoho 

 

547 

 

82 

 

119 

 

18 

 

666 

 

8 

 

2 

 

10 

Total 8673 86 1421 14 10094 128 22 150 

 

 
5.2.3. Survey data collection 
 
 A survey using structured a questionnaire was the primary method of investigation 

employed for this study. However, focus group interviews and direct personal 

observation were also used in order to enrich the investigation with relevant qualitative 

information. 
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Developing survey questionnaires and recruiting enumerators 
 

A common questionnaire was developed for both study sites. The questionnaire was 

translated into Amharic, a local language which farmers of both sites speak. Some 

interpretation was needed in the Sodo Zuriya communities whose native language is 

Wolaitigna. A team of 10 enumerators was recruited for each study site to collect the data 

from the sampled households. The enumerators were composed of rural development 

agents who had technical college level training in agriculture and natural resources 

management. Two of the enumerators for Basona Werena were female. 

 A one-day training of the enumerators was conducted for each study site by this 

author and Professor John Bliss in the woreda towns of the respective study sites. The 

training covered explaining the objective of the study, studying the content of the 

questionnaire, and explaining the administrative procedure of the questionnaire and 

ethical issues of human subjects. Suggestions from the enumerators were gathered and 

their questions were discussed. 

  The questionnaire was reviewed after it was discussed with the enumerators, 

translated to Amharic, pre-tested with 3 - 4 randomly selected farmers in each site, and 

slightly revised. A second round of training/discussion was conducted with the 

enumerators on the final questionnaire before it was used for the survey. (The English 

version of the final questionnaire is attached in Appendix B). One trained enumerator was 

assigned per selected peasant village each to interview 9 – 25 heads of sample 

households.  

 
Household questionnaire survey 
 

 The enumerators conducted the questionnaire survey via direct house-to-house 

visits. Household heads were the primary respondents for the interview based on the 

presumption that the head makes production and consumption decisions and has the 

widest information regarding the farm management and the household activities. The 

survey was carried out in June-July, 2007 in Basona Werena, and July-August, 2007 in 

Sodo Zuriya with revisits of some households in early October, 2007. With the relatively 

larger area and scattered locations of villages, the survey in Basona Werena was a bit 



 

 

55 

more demanding than that of Sodo Zuriya. The maximum length of time required to 

complete a questionnaire was 2 hours. Nearly all questionnaires were completed in a one-

session interview with revisits for some questions that were not complete. 

 
5.2.4. Additional information 
 

Focus group discussion 
 

  Two separate focus group discussions were conducted for each study site, one 

with male and another with female household heads. The focus group discussions were 

conducted in November 2007 after some preliminary findings from the questionnaire 

survey data were investigated. The focus groups in Basona Werena were composed of 6 

male and 6 female household heads. The groups in Sodo Zuriya were composed of 7 

male and 6 female household heads. The participants were identified in purposeful 

selection among the survey samples that were thought to express their views actively in 

consultation with the enumerators. The purpose of the focus group discussion was to 

generate in-depth information on some of the survey findings and perceptions of the 

farmers that may not have been adequately captured by the structured questionnaire 

survey. The discussions were facilitated by the researcher assisted by two note-takers. 

The guiding questions included trends and present status of farm tree growing, gender 

specific issues related to tree growing and land tenure and land use (Appendix C). Further 

discussions were made with agricultural and natural resource management experts and 

rural development experts of the sampled peasant villages.   

 
Market visits 
 
Village and major town markets in Debre Berhan (Basona Werena) and Sodo 

town (Sodo Zuriya) were visited to gather information on prices of major traded 

agricultural and forest products. The objective of the market visit was to gather price and 

related information for major traded agricultural and wood products that would 

supplement the information obtained from the farmers and thereby to be able to estimate 

incomes which may not be revealed in the questionnaire survey.  
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Farm woodlot observations 

 
This field observation was conducted on some household plots to observe tree 

species, age distributions, management practices, and spatial locations in the farmers’ 

land holding. Information on tree age distribution was gathered from 80 and 92 of the 

sampled households in Basona Werena and Sodo Zuriya, respectively, using a 

supplementary questionnaire. This information was used to assess the trend of tree 

planting over the recent years and to investigate if it had something to do with the recent 

introduction of the land ownership certification that has been in the process in some 

regions since 2003. Heights and diameters of 25 trees aged 3 to 11 were measured to get 

an idea of growth rates.  

 
5.3. Organizing and diagnosing data 
 

The data was coded and entered into excel in three separate data files; one for 

Basona Werena, the second for Sodo Zuriya, and the third for pooled data. Initial data 

exploration using graphic analysis indicated presence of outlying observations in the data 

sets of both sites. Using studentized residual criterion, four observations from each site 

were identified with multivariate outliers and were, therefore, removed from the data sets. 

A Goldfeld-Quandt test of initial ordinary least squares regressions (OLS) of the tree-

growers data also revealed presence of heteroscedasticity (non-constant residual 

variances) across observations. To remedy this problem, weighted least squares (WLS) 

procedure was applied in the subsequent data analysis. 

 
5.4. Analytical method  
 

The determinants of farmers’ tree-growing decisions in the two study sites were 

analyzed using a two-stage regression approach. The models estimated included: (1) the 

probability of farm households to grow trees (section 6.2.1), and (2) extent of growing 

trees as measured by the number of trees grown per household  once the farmer has made 

the decision to grow trees (section 6.2.2). In the first model, all the surveyed households 

were included in the analysis. In the second model, only the tree-growing households 

were included. The first model was estimated using a binary logit regression and the 
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second using an ordinary least squares and weighted least squares method. To compare 

the results from the OLS/WLS models with estimates derived from regressions with 

censored dependent variable, a tobit analysis was also used for the for the analysis of the 

extent of tree growing using data of all surveyed households. Wald Chi-square and F tests 

were performed to test the significance of differences between corresponding coefficients 

of unrestricted parameter estimates from separate site data sets. The statistical package 

SAS 9.1 for windows was used for the analysis. 
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Chapter 6. Results and Discussion  
 

6.1. Descriptive statistics 
 

Table 6.1 presents the characteristics of the surveyed households in Basona 

Werena, Sodo Zuriya, and the pooled data from the two sites. The first 14 variables are 

the explanatory variables and the last two are the dependent variables used in the 

empirical analysis of this study. A t-test was used to test for equality of site means (Ho: 

mean[Basona Worena]- mean[Sodo Zuriya] = 0). The test showed significant differences 

between mean values of households of Basona Werena and Sodo Zuriya in many of the 

characteristic variables (indicated with asterisks in Table 6.1). The only variables in 

which households of the two sites did not have significant differences were in the number 

of years that household heads had resided and farmed on present landholding, 

participation in training, and percent of households growing trees. 

On the average, Basona Werena had a higher proportion of female-headed 

households, more land distributed over greater number of plots, larger livestock herd, 

higher annual gross income, and greater distance from roads than farmers in Sodo Zuriya. 

Furthermore, the proportion of farmers who used rented and/or sharecropped land and 

those who perceived the land tenure as secure were also more in Basona Werena than in 

Sodo Zuriya. Sodo Zuriya exceeded Basona Werena in family size, annual food crop 

productivity per unit of land, off-farm work participation, and average number of trees 

grown per household.   

 
6.1.1. Household characteristics 
 
Gender of household heads 
 

There were twice as many female-headed households in Basona Werena (28%) 

compared to Sodo Zuriya (14%). The female-headed households were mainly composed 

of divorcees, widowed, and unmarried women. The high rate of female-headed 

households in Basona Werena was in part due to the relative absence of polygamy and 

more men migrating for jobs to the capital city, Addis Ababa which is located closer to 

Basona Werena (130 k.m.) than to Sodo Zuriya (380 k.m.).   
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Table 6.1. Descriptive statistics of Basona Werena, Sodo Zuriya, and pooled data (all surveyed households). 

Basona Werena 

(N=146) 

Sodo Zuriya 

(N=146) 

Pooled data 

(N=292) 

Variable description 

Mean St. Dev. Mean St. Dev. Mean St. Dev. 

Independent variables       

Site (Basona Werena=1) -- -- -- -- 0.50  

% of Female-headed household *** 0.28  0.14  0.21  

Number of years household head resided and farmed on 

present landholding 21.27 

 

12.07 21.51 

 

6.21 

 

21.39 

 

9.58 

Household size (number)*** 5.27 2.13 6.14 2.22 5.70 2.22 

% of household heads trained 17  18  17  

Size of landholding/household (Ha)*** 1.58 0.73 0.56 0.37 1.07 0.77 

Number of plots*** 5.74 2.53 1.34 0.61 3.54 2.87 

Number of livestock owned (in TLU) *** 6.54 3.65 2.28 1.84 4.41 3.59 

Food crop productivity (quintal12/ha/year) *** 11.36 6.44 15.25 16.46 13.30 12.63 

% of off-farm working households ** 42  55  49  

Annual household gross income (BIRR)13 *** 9,446 5,358 3,893 2,822 6,669 5,100 

Distance of households from a road (km) *** 3.45 2.54 2.33 2.43 2.89 2.55 

                                                           
12 1 quintal=100kg. 
13 1 Birr = 0.1053 US$ 
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Table 6.1 (Continued). 
 

% of land renters and/or sharecroppers *** 44  29  36  

% of farmers that perceived the land tenure as secure ** 63  51  57  

Dependent variables       

% of households growing trees 78  75  77  

Number of trees per household ** 693 861 993 1,318 843 1,100 

 
Variables in which sample households of Basona Werena have significant differences from those of Sodo Zuriya: *** = at 0.01 level of 
significance ** = at 0.05 level of significance.
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Family size and labor 

 
The average family size was 5.27 in Basona Werena and 6.14 in Sodo Zuriya. As 

is often the case with peasant agriculture, the household is the major source of the family 

labor supply supplemented to a limited extent by labor exchange and hiring of casual 

labor. The available labor force depends on the size, age structure, and gender 

composition of the household.  Of the average family size indicated above, the adult labor 

force was 59% in Basona Werena and 54% Sodo Zuriya. The composition of male 

household members was 51% in Basona Werena and 50% in Sodo Zuriya.  

 
Age and farming experience of household heads 
 

On the average, household heads in Basona Werena were older (47.7 years) than 

those in Sodo Zuriya (43.7 years). However, the number of years that household heads of 

the two localities lived and farmed on present landholding was about the same.  

 
Participation of household heads in training  
 

There was no big difference in the proportion of household heads who had 

received short training in agricultural/natural resources. About 17% of surveyed 

households in Basona Werena and 18% in Sodo Zuriya had participated in training.  

 
6.1.2. Household assets, livelihood activities, and sources of income 
 
Landholding  
 

The average peasant association-allocated and/or inherited household landholding 

in Basona Werena (1.58 ha) was nearly 3 times bigger than in Sodo Zuriya (0.56 ha). 

This was due to differences in population densities between the two woredas. Sodo 

Zuriya is an area with one of the highest population densities in the country. Given the 

smaller family size and larger holding per household, the average per capita land holding 

in Basona Werena (0.30 ha) was over three times larger than that of Sodo Zuriya (0.09 

ha). The average number of plots was also much more in Basona Werena (5.74) when 

compared with only 1.34 plots per household in Sodo Zuriya. Although the individual 

holding size was large, the distribution of the land on many plots makes the land in 
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Basona Werena highly fragmented (0.28 ha per plot) than in Sodo Zuriya (0.42 ha per 

plot).  

In addition to their own landholding, 44% of the surveyed households in Basona 

Werena and 29% in Sodo Zuriya used land rented and/or sharecropped from other 

farmers. The proportion of male-headed households that used rented and/or sharecropped 

land was much higher than that of female-headed households in both sites. Farmers who 

rented and/or sharecropped out land to other farmers were those who were not capable to 

cultivate their land due to lack of oxen, shortage of labor (the elderly, widowed, and off-

farm working farmers), and lack of money to buy farm inputs. The contractual 

agreements for rented and/or sharecropped land were in most cases made for one 

cropping year but often renewed over several years.  

 
Livestock 
 

Tables 6.2 and 6.3 show the distributions of livestock possessions in TLU. 

Farmers in Basona Werena owned nearly three times more livestock (6.5 TLU14) per 

household than in Sodo Zuriya (2.28 TLU). With 89.7% of them owning less than 5 TLU 

compared to 29.5% in Basona Werena, farmers in Sodo Zuriya were poor in livestock. 

About 14% of farmers in Basona Werena and 48% in Sodo Zuriya did not have oxen 

which is the main source of animal power used for plowing in both sites.  

  
Table 6.2. Distribution of livestock in TLU. 

 
Type of livestock Basona Werena Sodo Zuriya 

Cattle 3.82 (58.7%) 2.04 (89.6%) 

Sheep and goats 1.31 (20.2%) 0.12 (5.3%) 

Equines 1.33 (20.5%) 0.10 (4.4%) 

Chicken 0.04 (0.6%) 0.02 (0.7%) 

 

                                                           
14 The size of livestock ownership was measured in tropical livestock unit (TLU); ox/cow = 1TLU; 
heifer/young bull = 0.75TLU; calf = 0.25TLU; sheep/goat = 0.15TLU; donkey = 0.65TLU; mule = 1.10 
TLU; horse = 1.10 TLU; chicken = 0.013TLU (source: Ramakrishna & Demeke, 2002; Storck, et. al., 
1991.) 
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Small ruminants (sheep and goats) accounted for 20% of the livestock in Basona 

Werena. The wool factory located in the wereda town of Debre Berhan gets its main 

wool supply from the local sheep farm. The share of small ruminants in Sodo Zuriya was 

only 5%.  

One reason for farmers in Basona Werena to have a relatively larger livestock 

than in Sodo Zuriya may be attributed to the larger landholding in the former which, in 

some parts, also had problems of water logging. Although water logging constrains crop 

production, it provides more grazing land. The other reason for larger livestock 

possession in Basona Werena was animal fattening which many farmers practiced as a 

business.  

Table 6.3. Farm household distribution by size of livestock owned. 

% of farmers Livestock Size 

(TLU) Basona Werena Sodo Zuriya 

 Less than 5 29.5 89.7 

5 -10 58.2 9.6 

More than 10 12.3 0.7 

 
 

Crop production and productivity 
 

Cereal crops (mainly barley and wheat in Basona Werena and maize in Sodo 

Zuriya) were the major farm products. All surveyed households in Basona Werena and 

96% in Sodo Zuriya produced cereal crops. Pulse, primarily beans, was the second type 

of crop in which 96.7% of farmers in Basona Werena produced. Only 26.7% of farmers 

in Sodo Zuriya produced pulses. Average overall crop productivity per unit area of land 

was higher in Sodo Zuriya (15.25 quintals/ha) compared to 11.36 quintals/ha in Basona 

Werena. 

Figure 6.1 shows the contribution of different crop types to the total quantity of 

annual household production.  Cereal crops accounted for 60.6% of the total quantity of 

annual household crop production in Basona Werena followed by pulses (36.5%) and 

vegetables, fruits, and cash crops (2.9%). Vegetables and fruits were leading crops in 
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Sodo Zuriya contributing to 51.8% of the total annual household production followed by 

cereals (38.3%), cash crops (8%), and pulses (1.9%), and. Coffee was the major cash crop 

in Sodo Zuriya.  

 
Household income 
 

Figure 6.2 presents the percent distribution of surveyed households by range of 

annual gross income.  As indicated in table 6.1 above, on the average, households in 

Basona Werena earned an annual gross income of Birr 9,446, which was more than twice 

than that of Sodo Zuriya (Birr 3,893)15. The annual gross income distribution in Sodo 

Zuriya was highly skewed with 73.3% of households lying in the lower income range 

(less or equal to Birr 5,000/year) as compared to on 13.7% of households in Basona 

Werena whose income lied in this range. About 54.1% of households in Basona Werena 

and 23.3% of those in Sodo Zuriya had annual incomes of Birr 5,000 – Birr 10,000.  The 

percent of households that were in the income range of over Birr 10,000 were 32.2% in 

Basona Werena and only 3.4% in Sodo Zuriya.  
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Figure 6.1. Share of different crop types in quantity of total annual production. 

                                                           
15 This annual gross income is an average of incomes earned from farm and non-farm activities over the 
previous 3 years (2004/05, 2005/06, and 2006/07). 
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Family members in 44% of the households in Basona Werena and 55% of those in 

Sodo Zuriya worked on non-farm/off-farm activities to generate additional income. 

Trading agricultural products, artisanship and handicrafts were major off-farm activities 

in both sites. Making and selling local brews (tella and araki), and dung cakes (Basona 

Werena), and cash-for-work employment in rural development works (Sodo Zuriya) were 

other important off-farm income sources. 

13.7

54.1

21.2

11.0

73.3

23.3

2.0 1.4
0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

≤ 5,000 5,001 - 10,000 10,001 - 15,000  > 15,000

Range of annual gross income (Birr)

P
er

ce
nt

 o
f h

ou
se

ho
ld

s

Basona Werena

Sodo Zuriya

 

Figure 6.2. Farm household distribution by annual gross income. 

 
Figures 6.3 and 6.4 present the major sources of cash income and the share of 

each source in the annual cash income of the surveyed households. Households in both 

sites earned their cash incomes from four major sources; sales of crops, sales of live 

animal and animal products, non-farm/off-farm work, and sales of tree products. The 

significance of each income source in terms of its contribution to the annual cash income 

markedly differed between the two sites. 
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Figure 6.3. Contribution of different farm and non-farm activities to annual household 
cash income (Basona Werena). 
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Figure 6.4. Contribution of different farm and non-farm activities to annual household 
cash income (Sodo Zuriya). 

 

Animal and animal products in Basona Werena and off-farm work in Sodo Zuriya 

were the leading source of incomes contributing to 50.7% and 39.7% of the annual cash 

incomes, respectively. Crops were the second most important farm products contributing 

to 35.9% of the annual cash income in Basona Werena and 31.2% of that in Sodo Zuriya. 

The third source of income was off-farm work in Basona Werena (9.5%) animal and 
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animal product in Sodo Zuriya (21.4%). Cash incomes from tree products ranked last in 

both sites with contributions of 3.9% in Basona Werena and 7.8% in Sodo Zuriya.  

   
6.1.3. Institutional factors 
 

The average distance of farm households to the nearest all-weather road was 3.45 

kilometers in Basona Werena and 2.33 kilometers in Sodo Zuriya. This distance factor is 

particularly important in marketing of forest products which in both sites is 

predominantly done with buyers coming to farmers’ gates.  

There was significant difference in the farmers’ perception of tenure security 

between the two sites. About 63% of surveyed farmers in Basona Werena and 51% in 

Sodo Zuriya felt that the land tenure system was secure. The result from Basona Werena 

was close to the national average (61%) which EEA/EEPRI (2002) found from a rural 

household survey that covered almost all regions of the country.  

 
6.1.4. Farm tree management 
 

As presented in Table 6.1 above, a large majority of the surveyed households 

(78% Basona Werena and 75% Sodo Zuriya) were tree growers. Both male-headed and 

female-headed households grew trees. The average number of trees grown per surveyed 

household was 693 in Basona Werena and 993 in Sodo Zuriya. Eucalyptus accounted for 

99% of the standing trees in Basona Werena and for 88% in Sodo Zuriya.  

Considering only tree-growing households in the survey, households in Basona 

Werena and Sodo Zuriya on average owned 888 and 1,318 trees per household, 

respectively. In both sites, male-headed households owned more trees per household (907 

in Basona Werena and 1,424 in Sodo Zuriya) than female-headed households (831 in 

Basona Werena and 451 in Sodo Zuriya). The gender-based difference in number of trees 

per household was considerably smaller in Basona Werena when compared with that of 

Sodo Zuriya.   

Figure 6.5 presents the percent distribution of tree-growing households by number 

of trees grown per household. The majority of the tree-growing farmers (69.3% in 

Basona Werena and 52.7% in Sodo Zuriya) owned 1,000 trees or less per household. 

About 28.9% in Basona Werena and 31.8% in Sodo Zuriya owned between 1,001 and 
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3,000 trees per household. About 1.8% of households in Basona Werena and 15.5% in 

Sodo Zuriya had more than 3,000 trees. 
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Figure 6.5. Distribution (%) of tree-growing households by number of trees per 
household. 
 
 

Figure 6.6 shows the age distribution of trees16 reported by 80 tree-growing 

households in Basona Werena and 92 in Sodo Zuriya. The sample households were asked 

about how many of their trees were planted within the last 5 years, 6 to 11 years, and in 

the years beyond. Some of the older eucalypt stands were harvested once or twice in 

coppice rotations. For such stands, we only considered the years in which the trees were 

first planted. Thus the percent distribution of trees by age represents the number of 

additional trees planted per tree-growing household during each of the three periods. The 

data indicates an increase in the extent of planting from past to the recent years. This 

pattern was particularly noticeable in Basona Werena showing consistent and substantial 

increase in the extent of planting towards the recent years. 

 

                                                           
16 The age distributions of trees were obtained from tree-growing households who could remember the 
planting years (80 households in Basona Werena and 92 in Sodo Zuriya). The sample represents 71% and 
84% of the tree-growing households in Basona Werena and Sodo Zuriya, respectively. 
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Figure 6.6. Age distribution of trees. 
 
 
Characteristics of tree-growing and non-tree-growing households 
 

Mean comparisons of sampled tree-growing and non-tree-growing households are 

presented in tables 6.4 and 6.5 for Basona Werena and Sodo Zuriya, respectively. The 

data shows significant characteristic differences between tree-growing and non-tree-

growing households of both sites.  

In general, tree-growing households in both Basona Werena and Sodo Zuriya had 

bigger family size, owned more land size distributed over a larger number of plots. The 

tree-growing households also owned more livestock and earned more annual gross 

income than the non-tree growing households. Tree-growers in Basona Werena had 

resided and farmed on their present landholding longer than the non-tree-growers. This 

was the reverse in Sodo Zuriya. In Basona Werena, the proportions of tree-growing 

households that received short training and those that additionally used rented and/or 

sharecropped land from other farmers were higher than the non-tree-growing households. 

In Sodo Zuriya, tree-growing households had higher crop productivity per unit of land 

than the non-tree-growing ones.  
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Table 6.4. Mean comparison of sampled tree-growing and non-tree-growing households 
in Basona Werena. 
 

Tree growers 

(N=114) 

Non-tree growers 

(N=32) 

Variable description 

Mean St. Dev. Mean St. Dev. 

% of female-headed households 0.25  0.38  

Number of years household head resided 

and farmed on present landholding (years)* 22.22 11.67 17.88 13.04 

Household size (number)*** 5.57            2.15 4.19 1.67 

% of household heads trained *** 21  3  

Size of landholding/household (Ha)*** 1.68 0.74 1.21 0.56 

Number of plots*** 6.18 2.51 4.16 1.94 

Number of livestock owned (in TLU)*** 7.14 3.67 4.42 2.71 

Food crop productivity (quintal/ha/year) 11.70 6.51 10.16 6.14 

% of off-farm working households 44  34  

Annual household gross income (BIRR)*** 10,269 5,501 6,513 3,553 

Distance of households from a road (km) 3.37 2.64 3.75 2.17 

% of land renters and/or sharecroppers *** 50  22  

% of farmers that perceived land tenure as 

secure 
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53 

 

 
Note.Variables in which tree-growing households have significant differences from non-
tree-growing households: *** = at 0.01, ** = at 0.05, and * = at 0.10 levels of 
significance. 
 

Although the differences were not statistically significant, tree-growing 

households in Basona Werena had higher food crop productivity per unit of land and 

were located relatively closer to accessible road than the non-tree-growing households. 

Proportions of tree-growing households who worked on off-farm activities and those who 

perceived past land tenure system as secure were also higher than the non-tree-growing 

ones. In Sodo Zuriya, the proportions of tree-growing households that rented and/or 

sharecropped land and those that perceived past land tenure system as secure were also 
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higher than the non-tree-growing ones. However, contrary to Basona Werena, the 

proportions of tree-growing households in Sodo Zuriya that received training and those 

that were engaged in off-farm work were less than the non-tree-growing ones. Tree-

growing households in Sodo Zuriya were also located relatively far from an accessible 

road.   

 
Table 6.5. Mean comparison of sampled tree-growing and non-tree-growing households 
in Sodo Zuriya. 
 

Tree growers 

(N=110) 

Non-tree growers 

(N=36) 

Variable description 

Mean St. Dev. Mean St. Dev. 

% of female-headed households 0.11  0.25  

Number of years household head resided and 

farmed on present landholding (years)** 20.90 5.83 23.36 7.03 

Household size (number)* 6.31            2.35 5.61 1.71 

% of household heads trained 16  22  

Size of landholding/household (Ha)*** 0.62 0.39 0.40 0.22 

Number of plots** 1.39 0.65 1.17 0.45 

Number of livestock owned (in TLU)*** 2.50 1.90 1.61 1.46 

Food crop productivity (quintal/ha/year)*** 16.65 18.30 10.96 7.35 

% of off-farm working households 52  67  

Annual household gross income (BIRR)* 4,099 3,004 3,264 2,086 

Distance of households from a road (km) 2.43 2.52 2.03 2.15 

% of land renters and/or sharecroppers 30  25  

% of farmers that perceived land tenure as 

secure 
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47 

 

 
Note. Variables in which tree-growing households have significant differences from non-
tree-growing households: *** = at 0.01, ** = at 0.05, and * = at 0.10 levels of 
significance. 
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6.2. Determinants of farmers’ decision to grow trees 
 
6.2.1. Estimation of the probability of growing trees  
 

Model specification 
 

To quantify the factors influencing the farmers’ choice to grow trees or not, a 

binary logistic regression approach was adopted. Logistic regression models estimate 

probabilities of events as functions of a set of explanatory variables that are hypothesized 

to influence the outcome (Pohlmann and Leitner, 2003). It is a popular technique that is 

used for future classifications of individuals into one of two populations when only 

predictor variables are known and to determine which characteristics best predict 

decisions. No assumptions are made regarding the distributions of the predictor variables 

(X) and that X variables may be discrete or continuous (Afifi, et. al., 2004). Logistic 

regression analysis is a well established approach in empirical studies focused on finding 

the determinants of adoption/investment decisions in agricultural technology, 

agroforestry, and tree planting (Mercer, et. al., 2005; Tadesse and Belay, 2004; Gobin, et. 

al., 2002; Neupane, et.al., 2002; Salam, et. al., 2000; Thacher, et. al., 1997).  

Following Mercer, et. al. (2005), Afifi, et.al. (2004), Neupane, et.al. (2002), and 

Salam, et. al. (2000), let Ti represent a dichotomous variable that equals 1 if farmer grows 

trees and 0 if not. The probability of the choice to grow trees, Pr(Ti = 1), or not Pr(Ti = 

0) is then derived as follows:  

The probability of choice to grow trees is 

P = Pr(Ti =1) = )...110(1
1

kiXkiXe βββ +++−+
= )...110(

)...110(

1 kiXkiX

kiXkiX

e
e

βββ

βββ

+++

+++

+
 (6.1) 

Similarly, the probability of choice not to grow trees, 

Pr(Ti = 0) = 1-Prob(Ti = 1) = )...110(1
1

kiXkiXe βββ ++++
  (6.2) 

Dividing [6.1] by [6.2], we get 
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Taking the log in both sides of Eq. [6.3], results 
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where subscript i denotes the i th observation in the sample, Pr is the probability of the 

outcome, β0  is the intercept term, and β1, β2, . . ., βk are the coefficients associated with 

each explanatory variable X1, X2, . . ., Xk.  

The data obtained from all respondents (146 from each site including both tree 

growers and non-tree-growers) were considered in the model. The explanatory variables 

(X
i
) included in the model were gender of the household head (GENDER), number of 

years farmer resided on present landholding (FRESID), family size (FSIZE), participation 

of household head in short training in agricultural/natural resources management 

(TRAIN), size of landholding in hectares (LSIZE), number of parcels of land (NPLOT), 

size of livestock owned in tropical livestock unit (TLU), agricultural productivity defined 

as total annual output per hectare (CRPYIELD), farmer’s engagement in off-farm work 

(OFFWORK), annual gross income from farm and off-farm activities (GROSSINC), 

distance of household from nearest accessible road in kilometers (ROADDIST), renting 

and/or sharecropping additional land from other farmers (RENT), and farmer’s 

perception of land tenure security (LSECUR). GENDER, TRAIN, OFFWORK, RENT, 

and LSECUR are categorical variables. The dependent variable used in this logistic 

analysis was whether or not the farmer grew trees (FTREE) where FTREE=1 if 

household had trees and 0 otherwise.  

Given the above explanatory variables, the general form of Eq. [6.4] was 

rewritten as follows to represent the likelihood of growing trees by sampled farm 

households in the two study sites. Additional variable ‘SITE’ was included in the analysis 

with the pooled data to represent a dummy variable where 1 is Basona Werena. 

LSECURRENT
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Logistic regression results 

 
Table 6.6 presents the results of the maximum likelihood estimation of the logit 

regression model specified for the decision to grow trees by the sampled households in 

Basona Werena and Sodo Zuriya. Estimates for pooled data from the two sites are also 

shown in the table. The result suggests that the logistic model relating the farmers’ choice 

to grow trees (FTREE) to the various explanatory variables is well specified. The overall 

model chi-square values (χ2) of 46.74 for Basona Werena, 32.65 for Sodo Zuriya, and  

60.55 for the pooled data were significant at less than 0.001 level of significance, 

respectively. This implies that the explanatory variables, considered collectively, do 

influence the farmers’ decision to grow trees. 

The McFadden’s (pseudo)17 R2 values of 0.3044 for Basona Werena, 0.2002 for 

Sodo Zuriya, and 0.1910 for the pooled data. About 86.0% the responses of Basona 

Werena, 82.2% of Sodo Zuriya, and 79.5% of the pooled data were predicted correctly. 

The pseudo R2 values and the correctly predicted percentage of the data also suggest that 

the estimated model fits the data reasonably well. Most signs for independent variables 

are intuitively credible, indicating higher or lower likelihoods of growing trees as 

expected. 

The effects of the independent variables on the log odds of growing trees are 

reported as odds ratios alongside the parameter estimates (β). For an independent variable 

that has continuous values, the odds ratios (e
β 
) represent the amounts by which the odds 

favoring the decision to grow trees (FTREE = 1) changes for a change in that 

independent variable. The marginal effect for continuous explanatory variables (shown 

only for significant variables) is the change in the probability of growing trees for a 10% 

increase in that variable.  For categorical variables, the odds ratio represents the odds 

favoring the decision to grow trees if an event is 1 instead of 0. In all cases, it is assumed 

that levels of all other independent variables remain constant. 
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Table 6.6. Maximum likelihood estimates from logistic regression models for choice to grow trees. 

Basona Werena Sodo Zuriya Pooled data Expected Independent variable 

Coefficient Odds Ratio  Coefficient Odds Ratio  Coefficient Odds Ratio   

INTERCEPT -4.7153***  0.9587  -1.071   

SITE(1=Baso)      -2.6148*** 0.073  

GENDER (1=Fem)  -0.3264 0.721 -1.0448* 0.352 -0.5760 0.562 + 

FRESID  0.00815 1.008 -0.0911*** 0.913 -0.0202 0.980 + 

FSIZE 0.1416 1.152 0.0235 1.024 0.0773 1.080 + 

TRAIN 2.3073** 10.047 -1.0315* 0.356 0.0612 1.063 + 

LSIZE 0.9855* 2.679 2.2985** 9.959 1.1641*** 3.203 + 

NPLOT 0.3620*** 1.436 0.3372 1.401 0.3480*** 1.416 ? 

TLU 0.2087* 1.232 0.1755 1.192 0.2246*** 1.252 - 

CRPYIELD  0.0923 1.097 0.0339* 1.035 0.0408** 1.042 + 

OFFWORK  0.4175 1.518 -0.3047 0.737 0.0538 1.055 + 

GROSSINC -0.00013 1.000 -0.00004 1.000 -0.00005 1.000 + 

ROADDIST  -0.0032 0.997 0.0353 1.036 0.0265 1.027 - 

RENT  1.1650* 3.206 0.4081 1.504 0.4576 1.580 + 

LSECUR  0.3229 1.381 0.3024 1.353 0.4230 1.526 + 

N 146 146 292  
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Table 6.6 (Continued). 
 

-2 Log L       106.818 130.443 258.159  

Likelihood ratio test 46.74 (< 0.0001) 32.65 (0.0019) 60.55(< 0.0001)  

McFadden’s R
2
 0.3044            0.2002 0.1910  

Percent correctly 

predicted 

 

86.0 

 

82.2            

 

79.5 

 

 
Note:  

• Significant variables affecting tree-growing decisions at 0.01 (***), 0.05 (**) and 0.10 (*) levels of significance. 
• Likelihood ratio (LR) test is used to test the null hypothesis that there is no relationship between the log of odds of growing trees and the 

set of explanatory variables included in the model (i.e. H0: β1 = β2 = . . . = βk = 0)
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The coefficients of 8 of the 13 variables included in the model were found to be 

significant in explaining the farmers’ decision to grow trees or not in one or both of the 

two study sites: farmer’s participation in training (TRAIN), size of landholding (LSIZE), 

number of parcels (NPLOT), livestock size in tropical livestock units (TLU), renting 

and/or sharecropping of land (RENT) in Basona Werena and gender of the household 

head (GENDER), number of years household head resided and farmed on present 

landholding (FRESID), TRAIN, LSIZE, and agricultural productivity per unit of land 

(CRPYIELD) in Sodo Zuriya. TRAIN and LSIZE were the only variables that were 

significant in both sites although the sign of the former was positive in Basona Werena 

and negative in Sodo Zuriya.  

 
Gender of the household head (GENDER) 
 

The results showed that female-headed households in both sites were less likely to 

grow trees than male-headed households, and this result was statistically significant in 

Sodo Zuriya. The negative coefficient and the odds ratio showed that female-headed 

households in Sodo Zuriya were 0.35 times less likely to grow trees. The endpoints of a 

95% confidence interval (CI) of the odds ratio is (0.103, 1.209). This confidence interval 

suggests that tree growing among female-headed households in Sodo Zuriya could be as 

little as 0.10 times to as much as 1.21 times less likely than male-headed households. 

The negative sign was contrary to what was hypothesized apriori. Female-headed 

households in the sample generally had lower literacy and less male labor than male-

headed households which might explain why they were less likely to grow trees. The low 

likelihood of female-headed households to grow trees may also be a reflection of the 

agricultural division of labor (a cultural factor) that exists in the two sites and elsewhere 

in the country, the neglect of women by the country’s extension services, and the 

marginalization of women in past land ownership rights until the recent introduction of a 

land certification policy that recognized the rights of women equally with men through 

the issuance of certificates jointly in the name of husband and spouse. In a study of tenure 

security and gender differences in tree planting in Zimbabwe, Fortmann, et al. (1997) 

found that women were less likely to plant trees where they had less security of duration 

of tenure. 
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With regard to the agricultural division of labor, the result confirms what women 

focus group discussants in both sites pointed out that obtaining tree seedlings from 

suppliers and managing field crops such as trees had largely been men’s tasks. This is 

particularly so in Sodo Zuriya where women are mostly engaged in the management of 

livestock and home gardens in which enset is the predominant crop.  

 Saito and Weideman (1990) found that conventional methods of agricultural 

extension in sub-Saharan Africa traditionally tended to be geared towards male farmers. 

The authors noted evident bias against women both in the delivery of the extension, 

which was generally provided by male extension agents to men, and in the extension 

message itself, which tended to focus on the activities of male farmers rather than the 

much wider range of agricultural activities of women. This experience had long been the 

same in Ethiopia. Women were not noticeably present on the receiving as well as on the 

supplying end of the agricultural extension services system of the country. Evaluating the 

training and visit agricultural extension system of the 1980’s, Dejene (1989) reported that 

the extension agents had limited contact with women and that only few efforts were made 

to recruit and train women at any level of the extension system. The following remark by 

Frank (1999) also describes the extent of women farmers’ marginalization from 

agriculture extension service of the country: 

“While women farmers take an active role in agricultural production, 
processing, and marketing, their identity as farmers is highly contested 
within the agricultural development framework in Ethiopia. This has led to 
a series of structural barriers, augmented by local cultural perceptions that 
have largely precluded women’s participation in the agricultural extension 
process.”   

This male-oriented extension service has slightly changed in the recent years with 

deployment of some female development workers among farm communities.  

Number of years farmer resided and farmed on present landholding (FRESID) 
 

The number of years that household heads resided and farmed on their present 

landholding was positively related to the likelihood of growing trees in Basona Werena. 

Although not statistically significant, the positive relationship in Basona Werena was as 

expected since farmers who have resided and farmed longer on their present landholding 

would have more awareness of innovative farming technologies and information about 
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the benefits. Furthermore, farmers with longer farm experience had lower level of food 

subsistence and lesser rating of risks anticipated in tree production and marketing.  

In the case of Sodo Zuriya, the number of years that farmers resided and farmed 

on their present landholding was negatively and significantly related to the likelihood of 

growing trees. The negative sign of the coefficient imply that increasing the number of 

years that household heads resided and farmed on their present landholding by 10 years 

decreases the likelihood of growing trees by a factor of 0.40 ( 95% CI:  [0.344, 0.470]) 

This negative effect of FRESID in Sodo Zuriya might be explained by the higher 

rating of risks in tree production and marketing and rather lower rating of risks 

anticipated in food crop production and marketing as reported by household heads with 

longer farm experience. With such risk perceptions, household heads that resided and 

farmed on their current landholding for a longer period were more likely to engage more 

in non-tree production activities that they perceive are less risky.  

Farm household heads that resided and farmed longer on their present landholding 

in Sodo Zuriya were also slightly older than those in Basona Werena. The influence of 

age on tree growing can be ambiguous. On one hand older farmers are viewed as less 

flexible, more risk averse, and less willing to engage in innovative farm technology 

(Thacher, et. al, 1997) and long term investment such as tree planting. On the other hand, 

older farmers may tend to shift to growing trees as an asset for retirement. The relatively 

lower labor demand tree crop cultivation requires and a possible decrease in subsistence 

food crop requirements with decreasing family size of aging households may also lead 

older farmers to grow trees.    

 
Training of household heads (TRAIN) 
 

Participation of the household head in short training had significant impact on the 

decision to grow trees in both sites. The effect of training was positively associated with 

the likelihood of growing trees in Basona Werena as expected. The odds ratio indicate 

that tree planting in Basona Werena was 10 times more likely by trained farmers than by 

non-trained farmers (95% CI: [1.032, 97.825]).  

Surprisingly, the sign was the reverse in Sodo Zuriya. Tree planting in Sodo 

Zuriya was 0.36 times less likely by trained farmers than by non-trained farmers (95% 
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CI: [0.109, 1.178]). Training often serves to transmit specific information needed for a 

particular task or type of work and to shape attitudes, beliefs and habits. We, therefore, 

expect training to be positively associated with likelihood of growing trees. In our case, 

understanding why training had varying impacts by site is tricky. One possible 

explanation might be the orientation of the training in which most trained farmers 

participated in each site. Unfortunately, apart from knowing whether or not a household 

head had participated in training, our survey questionnaire did not include a specific 

question to solicit whether the training was in the area of tree cultivation or other 

agricultural practices. Hence, although non-tree management orientation of the training 

that farmers received might be one reason for the negative impact of training on 

likelihood of growing trees in Sodo Zuriya, our data lacked appropriate information to 

verify such an argument.   

 
Size of own landholding (LSIZE)  
 

Size of own landholding (LSIZE) had positive and significant impact on the 

likelihood of growing trees in both Basona Werena and Sodo Zuriya. The positive sign of 

the coefficients implies that increasing the size of landholding by 2 hectares increases the 

probability of growing trees by a factor of 7.178 in Basona Werena (95% CI: [0.728, 

70.802]) and 99.186 in Sodo Zuriya (95% CI: [1.564, 289.973]). As indicated in table 6.1 

above, the average landholding size per household in Sodo Zuriya (0.56 hectare) was 

nearly 3 times smaller than the average in Basona Werena (1.58 hectare). EEA/EEPRI 

(2002) gives a rough estimate of the minimum land area required to attain food security 

that ranges from 0.56 hectare per household in the enset-based farming system of 

southern Ethiopia to a little over one hectare elsewhere depending on soil fertility, rainfall 

regularity, and farm input technology. The average landholding size that we found in 

Sodo Zuriya was, therefore, the absolute minimum a household needed in order to attain 

food security. Hence, we expect the marginal effect of increasing landholding size on the 

probability of growing trees to be substantially higher in Sodo Zuriya than in Basona 

Werena.   

The positive effect of landholding size is consistent with the findings of Darr and 

Uirbrig (2004) in Laos, Emtage and Suh (2004) in the Philippines, and Salam, et. al. 
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(2000) in Bangladesh. When land becomes scarce, the overriding need to produce food 

takes precedence over the long-term value of trees thereby implying a decreasing 

likelihood of growing trees with decreasing size of landholding. Risk aversion with 

respect to tree planting is also often a function of the size of a farmer’s landholding 

(FAO, 1986). At times of tree failures, the alternatives for income generation by small 

land owners are more limited than farmers with larger landholdings who have enough 

land to cultivate more diverse crops.  

However, there are also counter arguments to such positive association of land 

size and tree growing decisions.  Referring to the findings of Stoler (1978) in Java and 

Lageman (1977) in Nigeria, Arnold (1991) points out that as landholding size decreases 

and landholders become more dependent on off-farm income, annual crops give way to 

trees and other perennials which need low labor inputs.  

 
Number of plots (NPLOT)  
 

The number of plots over which the household land is distributed was positively 

associated with the likelihood of growing trees in both sites and was significant in the 

case of Basona Werena. The result is consistent with the findings of Deininger and Jin 

(2006) in Ethiopia and Emtage and Suh (2004) on farmers’ future intention of planting 

trees in the Philippines. The positive sign of the coefficient implies that increasing the 

number of plots by 2 increases the probability of growing trees by a factor of 2.062 in 

Basona Werena (95% CI: [1.119, 3.803]). 

The positive association between number of plots and the decision to grow trees 

might be explained by the following two reasons. First, more number of plots per 

household means that the household land is fragmented to smaller pieces and is scattered 

over several locations which may render some plots inconvenient and uneconomical for 

food crop farming. As indicated in table 6.1 above, the average number of plots per 

household in Basona Werena was nearly 2.7 times than that of Sodo Zuriya. 

Consequently, the average plot size in Basona Werena (0.275 ha) was smaller than the 

average plot size in Sodo Zuriya (0.418 ha). Such fragmentation of landholding may 

rather favor growing of trees.  
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Second, as the number of plots per household increase, the likelihood for many of 

the plots to be located away from the homestead is usually high. This was mostly the case 

in Basona Werena. Food crops planted on distant plots are not convenient to protect them 

from animal damages. It is, therefore, most likely that plots located away from 

homesteads are preferred to be used for tree planting which require lesser supervision and 

protection at least after the establishment stages.   

Third, eucalyptus is the predominant tree species grown in both sites accounting 

for 99% and 88% of the standing trees in Basona Werena and Sodo Zuriya, respectively. 

There are criticisms leveled against eucalyptus on grounds of competition and crop losses 

(Achalu, 2004; Saxena, 1991) and ecological impacts on soil nutrients, hydrology, and 

biodiversity (Davidson, 1995; Poore and Fries, 1985). Hence, farmers are often cautious 

on planting eucalyptus too close to their food crops. Conflicts also arise between 

neighboring farmers where one of the farmers dislikes the presence of trees around a 

common border. Problems of such conflicts were particularly pointed out during focus 

group discussions with farmers in Basona Werena. In this case, Basona Werena is more 

likely to have more neighboring farmers with fragmented plots and who, therefore, may 

have common preference to grow trees.   

 
Size of livestock possession (TLU) 
 

At both sites, farm households which owned large livestock herds were more 

likely to grow trees and the impact was significant in Basona Werena. The positive sign 

of the coefficient implies that increasing the livestock size by 2 increases the probability 

of growing trees by a factor of 1.518 in Basona Werena (95% CI: [0.910, 2.533]).  

Available studies that indicated its positive impact of livestock on tree planting 

were on adoption of agroforestry (Sood, 2006; Neupane, et. al., 2002). The suggested 

reason for the positive impact of livestock was higher demand for fodder with increasing 

herds of livestock. In our case, where eucalyptus is the predominant tree species, which is 

not used for fodder, the reason for the positive and significant impact of livestock in 

Basona Werena is not clear. One possible explanation is the contribution of livestock to 

the total wealth of farmers. There is a sizable portion of wealth in Basona Werena that is 

embodied in livestock compared to Sodo Zuriya in terms of contribution to the annual 
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cash incomes of the farmers. Thus, it is possible that livestock exerts a positive and 

significant influence on the likelihood of growing trees in Basona Werena through its 

contribution to the household wealth. 

 
Agricultural productivity per unit of land (CRPYIELD) 
 

Farmers with higher crop productivity per unit area of land were more likely to 

grow trees in both sites and it was significant in Sodo Zuriya. The positive sign of the 

coefficient implies that increasing the productivity of land by 2 quintals per hectare 

increases the probability of growing trees by a factor of 1.070 in Sodo Zuriya (95% CI: 

[0.983, 1.164]). 

In their study in central Laos, Darr and Uirbrig (2004) found that tree planters 

were farmers that generally derive higher returns on their agricultural on-farm labor. 

High crop productivity may be a result of better natural fertility of land and/or improved 

inputs and farm management practices employed by the farmers. Better land productivity 

implies that households can produce the food and other agricultural products they need 

on a relatively smaller size of land and can thus have some extra land which they can 

devote for growing trees.  

 
Renting and/or sharecropping land from other farmers (RENT) 
 

Farmers who rented and/or sharecropped land from other farmers were more 

likely to grow trees than those who did not. The impact was significant in Basona Werena 

but not in Sodo Zuriya. The odds ratio indicates that farmers who rent and/or sharecrop 

land from other farmers in Basona Werena were 3.206 times more likely grow trees than 

farmers who did not rent and/or sharecropped land (95% CI: [0.801, 12.833]). 

Renting and/or sharecropping additional land enables farmers to meet the food 

needs of their family and grazing land for their livestock.  Thus availability of additional 

farm land through renting and/or sharecropping releases part of own land for growing 

trees which part of it might also be unsuitable for food crop production.  

In the case of Sodo Zuriya, farmers who rented and/or sharecropped additional 

land were mainly those who owned less land. The reason for the non-significance of 

RENT on the likelihood of growing trees in Sodo Zuriya could be that the rented and/or 
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sharecropped land is mainly used to produce food crops for the family since own 

landholding is very small.  

 
Pooled data 
 

The logit analysis with the combined data of Basona Werena and Sodo Zuriya 

(292 observations) showed that the effect of six variables were significant on the farmers’ 

decisions to grow trees at 1%, 5%, and 10% level of significance. These variables are 

SITE18 (1=Basona Werena), GENDER (1=Fem), landholding size (LSIZE), number of 

plots (NPLOT), livestock size (TLU), and agricultural productivity per unit area of land 

(CRPYIELD). Among the six variables that were significant in the pooled data, land 

holding size (LSIZE) was found to be consistently significant and positive in the analyses 

of the two separate site data as well as in the pooled data. The other four variables were 

significant only in one or the other site, but not in both. NPLOT and TLU were 

significant determinants of the farmers’ decision to grow trees in Basona Werena, but not 

in Sodo Zuriya, while CRPYIELD was a significant determinant in Sodo Zuriya, but not 

in Basona Werena. Two variables - number of years farmers resided and farmed on 

present landholding (FRESID) and training (TRAIN) – were not found significant in the 

pooled data although the former was a significant determinant in Sodo Zuriya and the 

latter in both Basona Werena and Sodo Zuriya.  

The signs of SITE (1=Basona Werena) and GENDER (1=Fem) were negative 

indicating that farmers in Basona Werena and female-headed households in both sites 

were less likely to grow trees. The signs of LSIZE, NPLOT, TLU, and CRPYIELD were 

positive indicating that farmers with bigger landholding, higher number of plots, 

livestock size, and crop productivity per unit area of land were more likely to grow trees.  

 
Comparing logit coefficients across sites 
 

Following Allison (1999), two alternative procedures were used to test the 

hypothesis that corresponding coefficients of explanatory variables obtained from the 

                                                           
18 The variable ‘SITE’ was added as dummy in the pooled data to account for differences between study 
sites where 1=Basona Werena.  
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logistic regressions of the two site data sets were the same (Ho: βB-βS = 0). The first was 

a Wald Chi-square test using the formula;  

Wald chi-square = 
})]([)]({[

])[(
22

2

SB

SB

sese ββ
ββ

+
−

  

 where, βB  and βS are the logit coefficients for Basona Werena and Sodo Zuriya, 

respectively, and the se terms are their corresponding standard errors obtained by 

regressing the two data sets separately. The alternative test procedure was performed by 

estimating the pooled data with interaction terms between a dummy variable for the sites 

(SITE) and the rest of the explanatory variables used in the separate models. Both 

procedures indicated that the corresponding coefficients of the intercept, number of years 

the household head resided and farmed on the present landholding (FRESID) and training 

(TRAIN) had statistically significant differences (Wald chi-square = 8.57, 4.77, 28.82, 

respectively).  
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6.2.2. Determinants of the extent of growing trees 

 
As in most agricultural technology or agroforestry adoption studies, the analysis 

made in section 6.2.1 above on a dichotomously categorized probability of an event only 

tells whether a farm household was likely to grow trees or not given a set of explanatory 

variables identified for the study. It will not, however, indicate the extent of trees grown 

once the farmer has decided to grow trees. Given the very wide range in the number of 

trees grown per household in both sites, it is important and policy-relevant to know the 

factors that determine the farmer’s decision to grow fewer or larger numbers of trees after 

his/her initial decision to grow trees.  

This part of the analysis deals with identifying the factors that influence the 

farmer’s decision on the number of trees to plant (extent of tree planting) once the farmer 

has decided to grow trees. In this case, number of trees grown per household was used as 

the dependent variable. The alternative was to use land area put under trees as the 

dependent variable. However, obtaining reliable data on the latter was difficult because it 

was easier for the farmers to estimate the number of trees they had rather than to estimate 

the land area that was under trees since most of the trees were grown scattered on 

different plots, around homesteads and along farm boundaries. 

To remedy the problem of heteroscedasticity revealed by a Goldfeld-Quandt test 

in the exploratory analysis of the data (section 5.3), a weighted least squares (WLS)19 

procedure was applied. A tobit regression was also employed in order to compare the 

OLS and WLS results with estimates derived from regressions with censored dependent 

variables. For OLS and WLS regressions, only the tree-growers data (112 in Basona 

                                                           
19 The weighted least squares (WLS) regression was run using the following procedures. First an OLS 
regression was carried out using number of trees (dependent variable) on a constant and all the explanatory 
variables and the residuals were saved.  

Yi = β0 + β1X1i + … + βkXki  to get ei 
In the second step, the squares of the residuals obtained from the first regression were regressed on a 
constant and the same set of explanatory variables and the predicted residuals were saved.  

ei
2= kii kXX ααα ˆ...ˆˆ 110 ++  to get 2σ)  

 Lastly, Yi and Xis were transformed by 1/σ (weight) and the coefficients from the weighted regression were 
obtained by regressing the transformed dependent variable on the transformed explanatory variables.  
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Werena and 110 in Sodo Zuriya) were considered in the model. For the tobit analysis data 

from all farmers were used. 

An alternative dependent variable was also used by normalizing the number of 

trees grown per household by the size of landholding per household (number of 

trees/LSIZE). The normalized dependent variable was used to investigate if there could 

be different outcomes regarding the effect of the explanatory variables on the extent of 

tree growing in terms trees grown per household and trees grown per hectare of land 

owned.  In this case, the variable ‘LSIZE’ was excluded from the set of explanatory 

variables since it was used in the computation of the normalized dependent variable.  

  
Model specifications 
 

• OLS and WLS  models 

Our ordinary least squares regression used to analyze the determinants of extent 

of tree growing per household follows the model below: 

Yi = β0 + β1X1i + … + βkXki +  εi    (6.6) 

where, Yi is number of trees (NTREE) grown by household i for i = 1, 2, . . . , n; X1 to Xk 

are the explanatory variables; β0  is the intercept term, β1 to βk are the coefficients 

associated with each explanatory variable X1 to Xk; ε is the error term; and n is number of 

observations. 

The WLS model is Eq. 6.6 transformed as follows, 
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The general form of Eq. [6.7] for the weighted regression was rewritten as Eq. 

[6.8]. Additional variable ‘SITE’ was included in the analysis of the pooled data to 

represent a dummy variable where 1 is Basona Werena. 
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• Tobit model 

Following Tobin (1958), the tobit model was framed as, 
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Yi =Yi
* = β0 + β1X1i + … + βkXki +  εi 

if β0 + β1X1i + … + βkXki +  ε > Yi
* 

Yi = 0, if β0 + β1X1i + … + βkXki +  ε ≤ Yi
*,  i = 1, 2, . . . , n  (6.8) 

where, Yi is number of trees grown by the i th household (dependent variable); Yi
* is 

underlying latent dependent variable for the i th observation; X1 to Xk are the explanatory 

variables; β0  is the intercept term, β1 to βk are the coefficients associated with each 

explanatory variable X1 to Xk; ε is the error term; and n is number of observations. 

Regression results 

Tables 6.7 and 6.8 present the results of the OLS/WLS and the tobit estimations 

of the determinants of extent of growing trees per household once the farmer has decided 

to grow trees. Estimates for pooled data from the two sites are also shown in the tables. In 

table 6.7, both OLS and WLS estimates are reported in order to compare the finding from 

the two methods and to provide an insight into the possible effect of failure to recognize 

heteroscedasticity in the survey data. Most signs of significant variables were as 

expected. The results from both the OLS and WLS regressions suggested that altogether 

eight variables – two in both Basona Werena and Sodo Zuriya and the rest in either of the 

two sites - had significant impacts at 1%, 5%, and 10% levels of significance on extent of 

tree growing as measured by number of trees grown per household.  

Among the eight variables, size of landholding (LSIZE) and farmers’ perception 

of land tenure security (LSECUR) showed significant impacts on extent of tree growing 

in both Basona Werena and Sodo Zuriya. The other significant variables differed between 

the two sites. While agricultural productivity per unit of land (CRPYIELD), participation 

in of-farm work (OFFWORK), renting and/or sharecropping land from other farmers 

(RENT) showed significant relationship with extent of tree growing in Basona Werena in 

addition to LSIZE and LSECUR, gender of household head (GENDER), annual gross 

income (GROSSINC), and distance from roads (ROADDIST) were found to be the other 

significant determinants in Sodo Zuriya. 
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Table 6.7. Ordinary and weighted least squares regression results of models for extent of tree growing 

    
Basona Werena Sodo Zuriya Pooled data Independent 

variable OLS WLS OLS WLS OLS WLS 

Expected 

INTERCEPT -256.291 -246.027 148.8288 135.629 830.138*** 822.259***  

SITE (Baso=1)     -935.484*** -922.729***  

GENDER (1=Fem)  121.720 117.164 -771.551** -766.846* -251.299 -246.958 + 

FRESID -3.381 -2.936 -13.4061 -12.952 -1.048 -1.169 + 

FSIZE -49.347 -47.921 -3.9631 -5.565 -7.892 -7.298 + 

TRAIN 30.296 30.251 -22.7526 -13.128 112.498 113.223 + 

LSIZE 291.670*** 286.579*** 949.2224*** 934.124*** 435.511*** 432.160*** + 

NPLOT -16.180 -15.200 198.2468 202.448 -59.740 -59.354 ? 

TLU 31.943 30.929 -22.2163 -17.891 -0.194 0.532 - 

CRPYIELD  36.171*** 35.757*** -3.6931 -3.351 4.933 5.424 + 

OFFWORK  -352.917** -358.846*** 80.9175 86.747 -189.090 -188.399 + 

GROSSINC 0.012 0.012 0.13954*** 0.1387*** 0.049** 0.045* + 

ROADDIST  -22.639 -23.316 -82.2654* -81.791* -54.329** -53.933* - 

RENT 510.457*** 502.489*** 289.566 288.403 258.273* 261.142* + 

LSECUR  405.346*** 406.101*** 604.317*** 601.338*** 485.251*** 484.936*** + 
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Table 6.7 (Continued). 
 

N 114 114 110 110 224 224  

F (Pr > F) 5.04(<.0001) 5.02 (<.0001) 3.78 (<.0001) 3.85 (<.0001) 5.32 (<.0001) 5.37 (<.0001)  

R2 0.3959 0.3949 0.3388 0.3425 0.2627 0.2645  

Adjusted R2 0.3173 0.3162 0.2493 0.2535 0.2133 0.2152  

 
Significant variables affecting extent of tree-growing at 0.01 (***), 0.05 (**) and 0.10 (*) levels of significance. 
 
 
Table 6.8. Tobit regression results of models for extent of tree growing. (Weighted regression results are shown for comparison). 

    
Independent 

variable 

Basona Werena Sodo Zuriya Pooled data  Expected 

 Tobit WLS Tobit WLS Tobit WLS  

INTERCEPT -1332.080*** -246.027 -106.702 135.629 -65.503 822.259***  

SITE (Baso=1)     -1245.2*** -922.729***  

GENDER (1=fem)  84.171 117.164 -979.655*** -766.846* -371.130** -246.958 + 

FRESID 0.630 -2.936 -42.357** -12.952 -6.636 -1.169 + 

FSIZE -16.658 -47.921 11.004 -5.565 21.862 -7.298 + 

TRAIN 225.753 30.251 -383.649 -13.128 44.958 113.223 + 

LSIZE 422.571*** 286.5789*** 1470.748*** 934.124*** 626.966*** 432.160*** + 

NPLOT 18.625 -15.200 194.579 202.448 -8.341 -59.354 ? 
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Table 6.8 (Continued). 
 

TLU 51.083* 30.929 30.754 -17.891 41.201 0.532 - 

CRPYIELD  44.136*** 35.757*** 5.873 -3.351 13.491*** 5.424 + 

OFFWORK  -220.063 -358.846*** -38.277 86.747 -168.404 -188.399 + 

GROSSINC -0.006 0.012 0.110** 0.1387*** 0.032 0.045* + 

ROADDIST  -13.535 -23.316 -71.695 -81.791* -36.897 -53.933* - 

RENT 583.144*** 502.489*** 387.663 288.403 319.338** 261.142* + 

LSECUR 361.995*** 406.101*** 599.885*** 601.338*** 491.392*** 484.936*** + 

N 146 114 146 110 292 224  

Log likelihood 

function 

 

-944.866 

  

-966.665     

  

-1943.391    

  

LM test [df]  54.266[ 14]      37.127[ 14]      93.991[ 15]       

Sigma 784.971  1245.753      1121.863       

 
Significant variables affecting tree-growing decisions at 0.01 (***), 0.05 (**) and 0.10 (*) levels of significance. 
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The signs of coefficients of the significant variables from the OLS and WLS 

regression estimates of the tree-growers data from Basona Werena indicated that once the 

farmers have decided to grow trees, then households with bigger landholding and higher 

crop productivity per unit of land were more likely to grow larger number of trees per 

household. Similarly, households who used additional land through rent and/or 

sharecropping and those who perceived the land tenure system as secure also grew more 

trees. On the other hand off-farm working farmers were likely to grow less number of 

trees per household.  

In Sodo Zuriya, households with bigger landholding and higher annual income 

were more likely to grow larger number of trees per household. Similarly, households 

who perceived the land tenure system as secure were also likely to grow more number of 

trees. On the other hand, households with female heads and those that were located far 

from roads were likely to grow lesser number of trees per household. 

Household size, training, number of plots, and size of livestock did not show 

significant relationship with number of trees grown per household in any of the sites. 

Number of years that household heads resided and farmed on present landholding showed 

significance (p = .05) and negative relationship with number of trees in the tobit 

regression result from the Sodo Zuriya data, but not in OLS and WLS regressions of both 

Basona Werena and Sodo Zuriya.  

The significant variables and their directions (signs) of impact were consistent in 

the OLS and WLS regressions. There were slight differences between the results of the 

two procedures in the size of the coefficients, the levels of significance of some variables, 

and the explanatory power of the models as measured by the R2 values. Both the R2 and 

adjusted R2 values from WLS regressions were slightly higher than the R2 values from 

the OLS regressions. Overall, weighting had limited impact on the regression results 

suggesting that heteroscedasticity was a limited issue. 

 
Gender of the household head (GENDER) 
 

The results presented in tables 6.2a (OLS and WLS regressions) and 6.2b (tobit 

analysis) showed that gender of household head (1=Fem) was negatively and 

significantly related in Sodo Zuriya with number of trees grown per household. Although 
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our finding was contrary to what was hypothesized, the result was consistent with what 

Bannister and Nair (2003) found in Haiti. The result indicates that female-headed 

households in Sodo Zuriya grow about 766.8 less trees than male-headed households 

[95% CI: -1052.61, -481.09]). The impact in Basona Werena was positive but not 

significant.  

The factors that may explain the negative relationship between female-headed 

households and number of trees grown per household are the agricultural division of 

labor that traditionally existed in the country,  the relative neglect of women by the 

country’s extension services, and the marginalization of women in past land ownership 

rights. Collecting tree seedlings from suppliers and managing outer field crops such as 

trees has largely been the task of men. This is particularly so in Sodo Zuriya where 

women are mostly engaged in the management of livestock and enset-based home 

gardens. The extension system of the country has also been biased against women 

farmers. Women were not noticeably present on the receiving as well as on the supplying 

end of the agricultural extension services system of the country (Dejene, 1989). Women 

did not have land ownership rights until the recent introduction of land certification 

policy that recognized the rights of women equally with men through the issuance of 

certificates jointly in the name of husband and spouse.  

 

Size of own landholding (LSIZE)  

 
As expected, size of own landholding (LSIZE) was positively and significantly 

related with number of trees grown per household in both Basona Werena and Sodo 

Zuriya. The positive sign and statistical significance was consistent in the OLS, WLS and 

tobit regressions. The result was consistent with the findings of Achalu (2004) in the 

Guraghe highland of Ethiopia, Emtage and Suh (2004), in the Philippines, Salam, et. al. 

(2000) in Bangladesh, Patel, et. al. (1995) in Kenya, and Arnold and Dewees (1998) in 

India. Coefficients from WLS regressions indicate that, all other factors being the same, a 

one ha increase in the landholding will likely increase the number of trees per household 

by 286.6 (95% CI: [41.45, 531.71]) in Basona Werena and 934.1 (95% CI: [197.89, 

1670.36]) in Sodo Zuriya.  
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The impact of landholding size was consistently positive and significant in both 

the farmers’ decision to grow trees as well on the number of trees grown once the farmer 

has decided to grow trees.  Trees take agricultural space which otherwise could have been 

used for food crop production. Adoption of such farm components thus likely depends on 

available land size. Our result suggests that bigger landholding provides households 

enough space to produce food and more trees and the capacity to take risks for 

diversifying farm crops including long-term term crops such as trees.  

 
Agricultural productivity per unit of land (CRPYIELD) 
 

Agricultural productivity per unit of land (CRPYIELD) was positively and 

significantly related with number of trees grown per household in Basona Werena. The 

impact in Sodo Zuriya was negative, but insignificant. The positive sign and statistical 

significance Basona Werena was consistent in the OLS, WLS and tobit regressions. 

Coefficients from WLS regressions indicate that, all other factors being the same, a one 

quintal (100 kg) increase in the productivity of food crops per hectare of land will likely 

increase the number of trees per household by about 35.7 in Basona Werena (95% CI: 

[8.64, 62.870]). Higher land productivity enables households to meet their food and other 

agricultural product requirements on a relatively smaller size of land and to have some 

extra land which they can devote for growing trees.  

 
Engagement in off-farm work (OFFWORK) 
 

The effect of off-farm work engagement (OFFWORK) on number of trees grown 

per household was negative and significant in Basona Werena. The sign was consistently 

negative in the OLS, WLS, and tobit regressions, although the tobit regression did not 

show significance of the variable. The effect in Sodo Zuriya was positive but 

insignificant. The WLS result indicates that participation in off-farm work reduces the 

number of trees grown per household by about 358.8 trees in Basona Werena (95% CI:  

[-661.60, -56.10]). 

The negative sign in Basona Werena was contrary to what was expected. One 

explanation often suggested about the effect of off-farm work on farm tree/agroforestry 

decisions is the effect off-farm work on household income (Sood, 2006; Thacher, et. al, 
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1997). It is often argued that if off-farm work generates high income, then off-farm work 

increases the willingness of the farmers to taking risks in long term farm investment 

alternatives such as growing trees. Off-farm work is, therefore, expected to promote 

planting of more trees. In our case, the contribution of off-farm work to the total annual 

cash income in Basona Werena (10%) was substantially lower than that of Sodo Zuriya 

(33%) which might explain the negative impact of OFFWORK on number of trees grown 

by households in Basona Werena and not in Sodo Zuriya.     

Our result may further be explained by family size and distance from roads. In 

Basona Werena, tree-growing households who worked on off-farm activities had higher 

family size than those who did not and the difference was significant (p = 0.0248). 

Hence, tree-growing households who worked on off-farm activities were likely to devote 

their labor and land more for food crop production in order to meet the food requirement 

of their bigger family size rather than for planting more trees. In Sodo Zuriya, tree-

growing households who worked on off-farm activities were located closer to roads than 

those who do not (p = 0.0052). The positive association of OFFWORK with number of 

trees grown per household in Sodo Zuriya, although not significant, may, therefore, be 

explained by their closer location to roads which is an advantage for farmers who grow 

trees for sale.   

 
Annual gross income (GROSSINC) 
 

Annual total gross income of farm households was positively associated with 

number of trees grown per household in both sites and was significant in Sodo Zuriya. In 

Sodo Zuriya, the direction of impact and significance of this variable was consistent in 

the OLS, WLS and tobit regressions. Although the impact was not statistically significant 

in Basona Werena, the sign was as expected except in the tobit regression, which was 

negative. Coefficients from WLS regressions indicate that, all other factors being the 

same, a Birr100 increase in the annual gross income of households will likely increase 

the number of trees per household by about 13.8 in Sodo Zuriya (95% CI: [2.84, 24.89]).  

The impact of gross income was consistent with the findings of Patel, et. al. 

(1995) in Kenya and Sood (2006) in Western Himalaya. Generally higher household 

income is expected to increase the risk-bearing capacity of smallholder farmers’ decision 



 

 

97 

making and the willingness to wait for the returns from long term investment such as 

trees (Sood, 2006; Mahapatra and Mitchell, 2001; FAO, 1986). Hence, higher household 

income is expected to increase the likelihood of the farmers’ decision to grow more trees 

per household.   

One of the main objectives for smallholder farmers to grow trees on farms is to 

meet their household demand for fuel and construction wood. This was one of the main 

objectives pointed out in our study sites, too, both in the survey questionnaire as well as 

in focus group discussions. Economic theories of demand and substitution effects of 

income describe goods for which demand increases with increases in income as ‘normal 

goods’.  Thus the positive sign of the income variable on number of trees grown indicates 

that wood is a normal good among the farm communities of the two study sites and that 

wood consumption increases as household income increases. In this regard, although the 

sign was positive, the non-significance of income in Basona Werena may be attributed to 

the heavy use of cattle dung as fuel that makes wood to be less demanded for household 

consumption other than for construction purposes. In Sodo Zuriya, cattle dung is used to 

fertilize home gardens and is not used for fuel. Hence, household wood demand is higher 

in Sodo Zuriya than in Basona Werena.  

 
Distance of a household from nearest accessible road (ROADDIST) 
 

Distance of a household from nearest accessible road (ROADDIST) was 

negatively related with the number of trees grown per household in both sites and was 

significant in Sodo Zuriya. The sign was as expected and was consistent in the OLS, 

WLS, and tobit regressions. The result indicates that households that are located far away 

from accessible roads were likely to grow lesser number of trees. Coefficients from WLS 

regressions indicate that, all other factors being the same, a 1 kilometer increase in the 

distance of households from an accessible road will likely decrease the number of trees 

grown per household by about 81.8 in Sodo Zuriya (95% CI: [-125.2, -37.4]).  

Proximity of households to accessible roads is an advantage for easier supply of 

seedlings and sale of trees. Hence, farm households that are located closer to roads are 

expected to grow more number of trees not just for household consumption, but for sale 
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as well. The negative impact of this variable obtained from the survey data also confirms 

the views that were gathered from focus group discussions.  

 
Renting and/or sharecropping land from other farmers (RENT) 
 

Renting and/or sharecropping of land from other farmers (RENT) was positively 

related with number of trees per household and was significant in Basona Werena. 

Coefficients from WLS regressions indicate that, all other factors being the same, farmers 

who rent and/or sharecrop land in Basona Werena are likely to grow 502.5 more trees per 

household than those who do not (95% CI: [179.31, 825.7]). 

Renting and/or sharecropping additional land allows those farmers to meet the 

family food needs and grazing land requirements for their livestock. Thus availability of 

additional farm land through renting and/or sharecropping releases part of own land for 

growing trees, which part of it might also be unsuitable for food crop production. Beyene 

(2003) found that farmers who frequently leased in land in Tigray, Ethiopia, had more 

cash crop trees than those who did not. In Sodo Zuriya, households that rent and/or 

sharecrop land are generally those whose own landholdings are small. Hence, the non-

significant impact of RENT on number of trees grown per household in Sodo Zuriya 

could be that the farmers devote much of their own as well as rented/sharecropped land 

for household subsistence food production.   

 
Farmers’ perception of existing land tenure security (LSECUR) 
 

Farmers’ perception of existing land tenure security (LSECUR) was positively 

and significantly related with the number of trees grown per household in both sites. The 

sign was as expected and was consistent in the OLS, WLS, and tobit regressions. 

Coefficients from WLS regressions indicate that, all other factors being the same, farmers 

who perceived the existing land tenure as secure were more likely to grow about 406.1 

more trees per household in Basona Werena (95% CI: [100.7, 711.4]) and 601.3 Sodo 

Zuriya (95% CI: [342.8, 859.9]).  

Other studies by Emtage and Suh (2004) in the Philippines, and Bannister and 

Nair (2003) in Haiti also found that farmers had planted and/or had intentions to plant 

more number of trees on plots where they had greater tenure security.  
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Although, some evidences suggest that permanent crop and related long-term 

investments on land may be undertaken to strengthen ownership positions on landholding 

(Sjaastad and Bromley, 1997; Besely, 1995), a number of literatures argue that where 

tenure is insecure, the risk of losing land will create a disincentive to undertake such 

investments. Carter and Olinto (2003), Lanjouw and Levy (2002), and Alston et al. 

(1996) reported significant investment effects of land title. Deininger and Jin (2006) 

found that a greater perceived risk of future land redistribution was associated with less 

investment in both tree planting and terracing in Ethiopia. In a country wide sample 

Deininger, et. al. (2008) also found that 92.29% of surveyed farm households in Amhara 

region (region of Basona Werena) and 76.20% in SNNP (region of Sodo Zuriya) 

perceived that land certification would encourage planting of trees. Thus, although some 

households may plant some trees that are enough for household consumption irrespective 

of the risk, insecure land tenure is not expected to encourage tree planting in Ethiopia 

where farmers have lost part of their land, including the trees on it, in recent land 

redistributions (Holden and Yohannes, 2002)20. 

 
Pooled data of tree-growers 
 

The WLS and tobit regression analyses with the combined data of Basona Werena 

and Sodo Zuriya showed nine significant variables that influence the number of trees 

grown once the farmer has decided to grow trees: SITE (1=Basona Werena), landholding 

size (LSIZE), crop productivity per unit area of land (CRPYIELD), off-farm work 

(OFFWORK), annual gross income (GROSSINC), distance from roads (ROADDIST), 

renting and/or sharecropping land from other farmers (RENT), and farmers’ perception of 

land tenure security (LSECUR). The significance and sign of SITE, GENDER, LSIZE, 

RENT, and LSECUR were consistent in WLS and tobit regressions. However, 

CROPYIELD was significant only in the tobit model. GROSSINC and ROADDIST were 

significant in the WLS, but not in the tobit model. 

                                                           
20  Holden and Yohannes (2002) reported that farmers in Amhara region (where Basona Werena is located) 
lost both land and the trees they grew on it in the 1997 land redistribution. They reported that the old 
owners were allowed only to harvest the trees that were at a harvestable age but were not compensated for 
the younger trees they lost on the part of the land that was taken away.  
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The negative sign and significance of the SITE dummy variable (1=Basona 

Werena) suggests that tree-growers in Basona Werena were more likely to grow lesser 

number of trees per household than those in Sodo Zuriya. This is a reflection of the 

differences between the two sites in terms of farming systems, socio-economic and 

cultural characteristics. The significance of the SITE dummy variable also suggests that 

the regression lines of the two data sets have different intercepts. The signs of LSIZE, 

GROSSINC, RENT, and LSECUR were positive indicating that tree-growers with bigger 

landholding and higher income were more likely to grow larger number of trees per 

household. Farmers who used additional land through renting and/or sharecropping from 

other farmers and those who perceived the land tenure as secure were also more likely to 

grow more trees per household. The negative sign of ROADDIST shows a likely 

decrease in the number of trees grown per household with an increase in distance to an 

accessible road. 

 
Comparing WLS coefficients of tree-growers across sites 
 

An F-test was performed to test the hypothesis that corresponding coefficients of 

explanatory variables obtained from the WLS regressions for the tree-growing 

households of the two sites were the same (Ho: βB-βS = 0). The equation used was 
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where, SSEC is the error sum of squares from the regression of the constrained model 

(pooled data); SSEU is the sum of SSE1 and SSE2 from the regressions of the 

unconstrained model (i.e. separate regressions of Basona Werena [SSE1] and Sodo Zuriya 

[SSE2]); N1 and N2 are the number of observations in Basona Werena and Sodo Zuriya, 

respectively, and K is the number of parameters. The computed F value with (15, 192) 

degrees of freedom was found to be 3.34 indicating that at least one or more 

corresponding regression coefficients of the two study sites were significantly different.  

 
Dependent variable (number of trees) normalized on per hectare of landholding 
 

In this case the dependent variable (number of trees per household) was 

normalized by dividing the number of trees per household by the number of hectares of 
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landholding. The normalized dependent variable was regressed on the same set of 

explanatory variables used for the non-normalized dependent variable excluding the 

landholding size variable. The landholding size variable was excluded since it was used 

in the computation of the normalized dependent variable. The objective was to 

investigate if there could be differences in the factors that explain the farmers’ decisions 

on extent of tree growing by normalizing the dependent variable.  

The OLS/WLS and tobit estimation results for determinants of extent of tree 

growing using the normalized dependent variable are reported in Table 6.9 and 6.10, 

respectively. The significance and signs of most variables that were found to affect the 

extent of tree growing in this model were the same as those found with the non-

normalized model. In Basona Werena, the WLS estimation showed that crop 

productivity, renting and/or sharecropping of land, and land tenure security had positive 

and significant effect on number of trees grown per hectare of land owned. 
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Table 6.9. Ordinary and weighted least squares regression results of models for extent of tree growing normalizing number of trees per 
ha of landholding. 

    
Basona Werena Sodo Zuriya Pooled data Independent 

variable OLS WLS OLS WLS OLS WLS 

Expected 

INTERCEPT 205.929 203.985 3128.789** 3093.856** 994.317 2696.423***  

SITE (Baso=1)     1724.907*** -1709.520***  

GENDER (1=Fem)  51.987 50.293 -1705.240** -1689.720** -483.069 -460.243 + 

FRESID -3.7102 -3.320 -62.037 -60.961 -9.717 -9.227 + 

FSIZE -22.914 -21.682 -39.526 -40.062 -45.799 -45.452 + 

TRAIN 46.7562 44.201 -774.489 -748.854 -276.282 -256.651 + 

NPLOT -25.391 -24.631 33.350 42.265 -60.108 -57.958 ? 

TLU 28.148 26.571 -48.272 -44.260 -40.237 -39.247 - 

CRPYIELD  37.059*** 36.182*** -11.876 -12.171 -0.559 -0.362 +/- 

OFWORK  -182.750* -186.182* 214.418 209.934 22.242 14.653 + 

GROSSINC -0.013 -0.012 0.228** 0.221** 0.054 0.050 + 

ROADDIST  -25.617 -24.849 -183.739* -181.643* -106.019** -100.902** - 

RENT 372.751*** 369.656*** 1043.229** 1055.685** 562.461** 554.008** + 

LSECUR  284.121*** 286.202*** 948.146* 971.519** 629.436*** 621.623*** + 

N 114 114 110 110 224 224  
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Table 6.9 (Continued). 
 

F (Pr > F) 4.45 (<.0001) 4.40 (<.0001) 2.09 (<.0243) 2.16 (<.0198) 6.03 (<.0001) 6.17 (<.0001)  

R2 0.3460 0.3434 0.2055 0.2107 0.2718 0.2764  

Adjusted R2 0.2683 0.2654 0.1072 0.1130 0.2268 0.2316  

 

Table 6.10. Tobit regression results of models for extent of tree growing using number of trees normalized per Ha of land owned. 
(Weighted regression results are shown for comparison). 

    
Basona Werena Sodo Zuriya Pooled data  Independent 

variable Tobit WLS Tobit WLS Tobit WLS 

Expected 

INTERCEPT -539.160** 203.985 2394.757* 3093.856** 1126.225* 2696.423***  

SITE (Baso=1)     -2079.240*** -1709.520***  

GENDER (1=fem)  33.408 50.293 -2142.240*** -1689.720** -657.126* -460.243 + 

FRESID 0.271 -3.320 -116.135*** -60.961 -17.823 -9.227 + 

FSIZE -0.617 -21.682 19.108 -40.062 16.558 -45.452 + 

TRAIN 192.769 44.201 -1222.470* -748.854 -361.639 -256.651 + 

NPLOT 18.197 -24.631 302.207 42.265 69.756 -57.958 ? 

TLU 37.872* 26.571 70.221 -44.260 34.505 -39.247 - 

CRPYIELD  38.187*** 36.182*** 5.544 -12.171 14.178  -0.362 +/- 

OFFWORK  -127.627 -186.182* -207.337 209.934 -123.219 14.653 + 
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Table 6.10 (Continued). 
 

GROSSINC -0.018 -0.012 0.218* 0.221** 0.0398 0.050 + 

ROADDIST  -20.086 -24.849 -156.369 -181.643* -80.295 -100.902** - 

RENT 424.068*** 369.656*** 1050.437* 1055.685** 629.212** 554.008** + 

LSECUR  255.101** 286.202*** 929.238* 971.519** 658.635*** 621.623*** + 

N 146 114 146 110 292 224  

Log likelihood 

function 

 

-914.310     

  

-1055.432 

  

-2083.162 

  

LM test [df] for 

tobit 

 

72.852 [13] 

  

50.967 [13]     

  

266.856[14] 

  

Sigma 594.497  2770.585  1121.863       
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The effect of off-farm work was negative and significant. The sign and 

significance of these variables were consistent with the tobit estimations except that of 

off-farm work which did not appear to be significant in the tobit estimations.   

In Sodo Zuriya, the WLS estimation showed that annual gross income, renting 

and/or sharecropping of land, and land tenure security had positive and significant effects 

on number of trees grown per hectare of land owned. Rent was not a significant 

determinant in the regression of the non-normalized dependent variable. The effect of 

gender of the household head (1=Fem) and distance from roads was negative and 

significant. The effects of gender, annual gross income, rent, and tenure security were 

consistent with the tobit estimations. In addition to the above variables, the tobit model 

also showed that farm experience and training had negative and significant effect on 

number of trees grown per hectare of land owned which were not significant in the WLS 

estimations although the signs were the same. 
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Chapter 7. Conclusion and Policy Implications 

 
In an effort to increase wood supply from domestic sources and to reduce soil 

degradation, governments in Ethiopia have in the past sought to encourage, and at times 

tried to force, smallholder farmers to grow trees on private farms and community lands. 

However, the end results could not justify the effort and resources that were devoted to 

those initiatives. Many of the programs that were launched to promote private as well 

community afforestation were not based on a good understanding of the reasons why 

households plant or do not plant trees on their farms. The focus of the national 

afforestation programs on farms and on the landscapes was on increasing supply of wood 

fuel on a national level and restoring the environmental benefits of forest cover. As 

Arnold and Dewees (1998) point out, many failed tree-growing projects were not a 

response to real local needs for trees and tree products. As the same authors also point 

out, for poor farmers, trees in farming systems “are more usefully seen in the context of 

farm household livelihood needs and strategies” and not as part of the forest resource 

which governments see from the context of environmental conservation.  

Not enough has been known so far to provide good information for policy making 

about the constraints and what underlies the motivation of the country’s smallholder 

farmers to grow trees as part of their farming systems. Experiences of past afforestation 

efforts and the results from this study suggest that future interventions in smallholder 

farm tree planting should be based on real understanding of the constraints and 

perceptions of the farm households. As Dewees (1995b) points out, failure to characterize 

the farmers’ rationale for cultivating trees on-farms limits our full understanding of their 

socio-economic basis. 

This study sheds light on the status of tree farming in cereal-livestock and enset-

coffee-cereal-livestock farming systems of two highland woredas of Ethiopia, and 

identifies the major factors that influence farmers’ tree growing decisions. The results 

have important implications for the formulation of policies and programs targeted to 

promotion of farm tree production by smallholder farmers. This chapter highlights six 

major findings. 
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First, a large majority of farmers (78% in Basona Werena and 75% in Sodo 

Zuriya) grow trees on farms. Eucalyptus is the predominant tree species grown on both 

sites accounting for 99% and 88% of the standing trees in Basona Werena and Sodo 

Zuriya, respectively. Nearly all of the trees were established by deliberately planting 

seedlings in fields and around homesteads with only a few indigenous trees (less than 

2%) naturally regenerated in Sodo Zuriya. These findings imply that smallholder farming 

households in the two woredas value trees within their farming systems. 

Second, the age distribution of planted trees indicates that the rate of planting has 

increased over the recent years. This trend was noticeable in both Basona Werena and 

Sodo Zuriya showing substantial increase in the extent of planting in the last 5 years. In 

this regard, farmers appear to be responsive to emerging market demand for eucalyptus 

poles deriving from the boom of house construction in the country. Achalu (2004) 

observed similar trend in some parts of the Guraghe highlands of Ethiopia where many 

farmers were motivated to expand eucalypt woodlot in response to recent growing 

demands for eucalypt poles. Farmers also appear to be responsive to improved tenure 

security anticipated with the introduction of a new rural land use and administration 

policy that has been in process over the last 5 years.  

Third, there are significant differences between tree-growing and non-tree-

growing households in a number of demographic and economic variables. Tree-growing 

households in both sites have higher human capital, higher physical assets, and higher 

income than non-tree-growing households. This finding supports our first hypotheses 

which states that “tree-planting and non-planting households differ significantly from 

each other in household and farm characteristics”.  

Fourth, there are significant differences between the two study sites in the number 

of trees grown per household. Farmers in Basona Werena grow, on average, fewer trees 

per household than those in Sodo Zuriya. This is a reflection of the differences between 

the two localities in farming systems, household demographics, biophysical features, 

resource endowments, and cultural characteristics. 

Fifth, our study identified variables that were strong determinants of the farmers’ 

tree-growing decisions in one or the other site. They included gender of the household 
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head, farmers’ training, size of landholding, crop productivity, household income, 

proximity to a road, land renting/sharecropping, and tenure security.  

Sixth, while some factors that significantly influenced the farmers’ initial 

decisions to grow trees also influenced the decision on how many trees to grow once the 

farmers have decided to grow trees, other factors that influenced the first decision were 

not so important in the latter. It is also noticeable that the direction (sign) of impact some 

variables had on the farmers’ decision to grow trees were not the same as the direction 

(sign) of impact they had on the farmers’ decision on the number of trees to grow. Such 

differences were also evident between the two sites; i.e. not all variables that influenced 

the farmers’ decision to grow trees or the extent of growing trees in Basona Werena 

showed the same effect on the two levels of decisions in Sodo Zuriya in terms of 

statistical significance and/or direction of impact. 

In Basona Werena, the factors that significantly determined both the farmers’ 

decision to grow trees and the number of trees grown once the farmer has decided to 

grow trees were size of landholding and renting and/or sharecropping of land from other 

farmers. The signs were consistently positive in both cases. Farmers’ training, number of 

parcels of land, and livestock size were significant determinants of the farmers’ decision 

to grow trees but were not so on number of trees grown. In the latter case, in addition to 

land size and land renting/sharecropping, the other important determinants were crop 

productivity per unit of land, off-farm work, and land tenure security.   

In Sodo Zuriya, the factors that significantly determined both the farmers’ 

decision to grow trees and the number of trees grown once the farmer has decided to 

grow trees were gender of the household head and size of landholding. The signs were 

consistently negative for gender of the household and consistently positive for size of 

landholding. Training and crop productivity per unit of land were significant 

determinants of the farmers’ decision to grow trees but were not so on number of trees 

grown. In the latter case, in addition to gender of the household head and landholding 

size, the other important determinants were gross income, distance to roads, and land 

tenure security. 

These findings point to important policy issues on which future agricultural 

extension and rural development interventions need to focus in order to improve the 
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smallholder livelihoods in general and to promote farm tree production in particular. The 

differing impacts of some variables on the farmers’ tree growing decisions from one 

study site to the other indicate the importance of considering local contexts in policy 

interventions. Policies and extension packages designed to be applied on a wide 

geographical area and on a “one-size-fits-all” principle need to be rethought in the 

context of farming system, economic and cultural differences across geographical 

locations. Studies indicate that agricultural extension efforts in Ethiopia have been biased 

towards male farmers (Frank, 1999; Dejene, 1989). They also favored middle income 

farmers with little attention to resource-poor farmers, and promoted uniform packages 

throughout the country without appropriately considering specific problems of farmers 

under different socio-economic and ecological settings (Kassa and Abebaw, 2004). In 

view of the ecological diversities of the country and differences of farmers in terms of 

resource endowments, constraints, opportunities and skills, agricultural extension 

packages need to be appropriately tailored to each agro-ecological zone, farming system, 

and cultural settings.  

 
(i) The gender factor  
 

We found that female-headed households in both study sites were less likely to 

grow trees than male-headed households. This difference was statistically significant in 

Sodo Zuriya. Considering only tree-growing households, we also found that female-

headed households owned significantly fewer trees per household than male-headed 

households in Sodo Zuriya. This result was contrary to our second hypothesis which 

states that female-headed households plant more trees than male-headed households.  

 Our survey data indicated that female-headed households had significantly lower 

labor, lower annual crop production, and lower income per household than male-headed 

households. Female heads of households in both sites were also less literate than their 

male counterparts. Other studies conducted elsewhere in the country also show that 

female-headed households are asset-poor subsistence farmers (Suleiman, 2004; Percy, 

1999). As pointed out in the previous section, the extension system of the country has 

also been biased against women farmers.  
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 Female-headed farmers accounted to 28% and 14% of the surveyed households in 

Basona Werena and Sodo Zuriya, respectively. National statistics show that the 

proportion of female headed households has increased from about 15% of rural 

households in 1994 (World Bank, 1998) to about 20% in 2002 (CSA, 2002). The 

constraints faced by female-headed households represent an important policy issue to 

consider in future rural development interventions in general and farm tree production in 

particular. 

 Traditionally men have been responsible for tree-planting and harvest. Women have 

played a minor role in tree husbandry. Our result also supports this phenomenon. Female-

headed households were found to be less frequent tree growers than male-headed 

households and this was significantly so in Sodo Zuriya. In addition to being asset-poor 

and less literate, the cultural division of labor and the property inheritance rights of 

women in Sodo Zuriya appear to be more restrictive to women’s participation in farm 

tree growing when compared to Basona Werena. More gender-targeted interventions 

would be important in Sodo Zuriya for increasing women farmers’ agricultural 

productivity and their participation in farm tree planting. The recent federal and regional 

rural land administration and land use proclamations clearly ensure the land rights of 

women. To ensure effectiveness, this provision must be properly implemented. 

 
(ii)  The land and tenure factors  
 
 Three important land-related variables were identified as having significant impact 

on the farmers’ decisions to grow trees and on the number of trees grown. Those 

variables were size of landholding, access to additional land through 

renting/sharecropping, and land tenure security. The impact of landholding size was 

consistently positive and significant on the farmers’ initial tree growing decision as well 

as on number of trees grown in both Basona Werena and Sodo Zuriya. A positive 

perception of land tenure security was also positively and significantly associated with 

number of trees planted in both sites. The positive and significant impact of land tenure 

security is consistent with our third hypothesis which states that tenure security, as 

measured by individual rights to landholding, leads to greater incentive for farm tree 

growing. 
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 The impact of land renting/sharecropping was site specific. In Basona Werena, 

renting/sharecropping additional land from other farmers was positively and significantly 

associated with the farmers’ initial decision of growing trees and number of trees grown, 

but was not significant in Sodo Zuriya.   

 These land and tenure-related findings have important policy implications. First, as 

Achalu (2004) notes, landholding size will likely be one of the most critical constraints in 

Ethiopia to limit the extent of tree growing per household in the future. Individual 

landholding size of Ethiopian farmers has diminished over the past couple of decades and 

will continue to be more fragmented with the population growth of the country21.  Since 

the total size of available land is fixed, the remedy to the landholding size constraint may 

lie in the following two policy measures in order to increase land that can be made 

available to tree planting.  

 
(a) Reducing further land fragmentation through reduction of population growth. 
 

 Ethiopia enacted a national population policy (NPP) in 1993 with a major 

goal of “harmonization of the rate of population growth with the capacity of the 

country for development”.  One of the objectives the NPP had set to achieve was 

“closing the gap between high population growth and low economic productivity 

through planned reduction of population growth”. However, the program has so far 

been slow to achieve its objectives and the country’s population has continued to 

grow from an estimated 53 million in the year the NPP was enacted to 76.9 million 

in 2008. In order to reduce further fragmentation of individual landholding, the 

federal and regional governments have to pursue the implementation of the 

population policy.  

 
(b) Increasing land productivity and income.  
 

Scherr (1992) points out that with limited availability of land which should 

be devoted to food crop production, scaling up of tree planting on farms must be 

                                                           
21 Average landholding size of stallholder farmers in the Ethiopian highlands has diminished by about half 
over the past 30 years (EEA/EEPRI, 2002).  Abegaz (2004) reported that cultivated land-to-person ratios in 
hectares were 0.508 in the 1960s, 0.450 in the 1970s, 0.363 in the 1980s and 0.252 in the 1990s showing 
that cultivated landholding per person was reduced to half in 40 years.  
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done “either by substituting trees for crops or by increasing system productivity”. 

Complete substitution of trees for crops does not look to be an acceptable choice, at 

least to some farmers in Ethiopia, on economic and cultural grounds. Some 

participants in focus group discussions pointed out that although they believed that 

tree farming was presently more profitable than other annual crops, they said that 

they still would choose to devote much of their land for food crop production 

because they can not afford to wait until trees mature. They also feared that if all 

farmers plant more trees, prices might go down and that the profitability of tree 

farming may not be attractive any longer. The cultural value farmers attach to 

agricultural crop production is also an important element. Food crop production is 

an identity to a farmer in Basona Werena and a source of pride for a farmer in Sodo 

Zuriya. One focus group discussant in Basona Werena said,  

“I know that tree farming is more profitable and less risky than food 
crop production. But what gives my farmer identity is plowing my 
farm and producing food crops. I do not want to hang my ‘maresha’ 
(plow) on the roof of my house and become just a tree planter.”   

 
To another farmer in Sodo Zuriya, a proud farmer is one who “puts a variety of 

home-grown food on the dining table”. 

  Farmers may increase system productivity by practicing more intensive 

management, introducing higher-yielding crops, or enhancing soil fertility. Our 

study confirmed that crop productivity per unit of land had a positive and 

significant impact on number of trees grown per household in the cereal-livestock 

farming system of Basona Werena. It also showed the same effect on the farmers’ 

initial decision of growing trees in the enset-coffee-cereal-livestock system of Sodo 

Zuriya. High crop productivity of land enables farmers to produce the food crops 

they need on a relatively smaller land parcel and thereby to release part of their land 

for tree planting. It is also obvious that increasing land productivity will increase 

household income which is an important factor in the farmers’ ability to bear risks 

and to wait for long-term returns from investment in trees. Therefore, the extension 

system of the country should design appropriate packages that will help increase the 

productivity of existing landholdings. 
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  In this regard, the poor quality of land and the heavy use of cattle dung as fuel 

and an income source in Basona Werena and areas alike in the northern highlands 

call for appropriate interventions in order to improve agricultural productivity. 

Farmers in many parts of the Amhara region, including Basona Werena, use high 

amount of cattle dung as fuel (Mekonnen and Köhlin, 2008; Haileselassie, et. al., 

2005; Gryseels and Anderson 1983; Mcann, 1995). In 1983, an average household 

in Debre Berhan area (Basona Werena) used four times more dung cakes by weight 

as fuel than wood (Gryseels and Anderson 1983). This dung-to-wood use ratio 

might have decreased with the increased planting of trees on farms over the recent 

years. However, use of dung as fuel is still prevalent in the area. Besides home 

consumption, preparing and selling dung cakes has become a source of household 

income especially for poor households.  

  The use of animal dung as household fuel rather than to maintain soil fertility is 

likely to contribute to land degradation and declining agricultural productivity 

(Bojö and Cassells, 1995). An economic analysis of rural afforestation in Ethiopia 

by Newcombe (1987) indicates that providing household fuels through agroforestry 

programs and thereby retaining the use of dung and crop residues as fertilizer and 

soil conditioners is “a highly attractive, long-term strategy for both supplying 

household fuels and increasing agricultural output.” His estimated internal 

economic rates of return, based on the comparative evaluation of the costs of 

growing trees on the one hand and the net productive increment in grain production 

from the retention of dung as a fertilizer on the other, ranged 35% to 70% in real 

terms. With the substantial increase of prices of fertilizer and agricultural products 

over the recent years, presently this rate of return can be expected to be even higher.  

  When compared with Sodo Zuriya, the practice of agroforestry is almost non-

existent in the cereal-livestock farming system of Basona Werena. Although 

agroforestry is a practice that evolves within a farming system along with land-use 

intensification to meet new needs for tree products and services (Scherr, 1995b), 

external intervention can help to promote adoption of agroforestry in the Basona 

Werena through the extension of information, removal of constraints and 

disincentives, and improvement of marketing systems. Extensionists in Basona 
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Werena can encourage farmers to adopt agroforestry by providing them technical 

information from experiences of agroforestry practices in similar conditions 

elsewhere and help the farmers to use those new techniques by combining them 

with experiences of tree growing that already exist in the area. Projects can help in 

the adoption process by establishing demonstration plots with farmer groups and 

individuals. A successful introduction of agroforestry in Basona Werena and similar 

agro-ecological conditions and farming systems in the northern Ethiopian highlands 

may have a potential to divert more dung from fuel to manure, improve land 

productivity, increase household income, and increase supply of fuel wood and 

fodder for livestock. This calls for a responsive policy direction, extension package, 

and marketing infrastructure.      

 Second, renting and/or sharecropping of land has so far been undertaken in an 

informal way between willing farmers. The recent federal and regional rural land 

administration and land use proclamations have all legalized renting of landholdings to 

other farmers or investors. However, the maximum durations of the rent time set in the 

proclamations differ by region. The proclamation of the Amhara Regional State (where 

Basona Werena is located) allows a renewable maximum duration of 25 years which 

appears to be reasonably conducive for renters who may wish to plant perennial crops, 

including trees. The maximum duration set by proclamation of the Southern Nations, 

Nationalities, and Peoples Regional State (SNNPRS) (where Sodo Zuriya is located) is 

shorter and it differs depending who the contracting partners are; up to 5 years if the 

rental is from peasant to peasant and 10 years if from peasant to investor. It allows up to 

25 years for the latter if the investor cultivates perennial crops. The durations set by the 

SNNPRS proclamation appear to be restrictive for the peasant-to-peasant rentals. Most 

rentals should be expected to be peasant-to-peasant rather than peasant-to-investor as 

investors may often need a relatively large tract of land which can be available only if a 

fairly large number of adjoining farmers are willing to rent out. Hence, the peasant-to-

peasant land rental duration needs to be relaxed in order to bring land owned by labor and 

resource constrained households into more productive use and to promote tree planting.  

 Third, with tenancy during the feudal era, frequent land redistribution, resettlement 

and villagization during the Derg time, continued land redistribution in some regions in 
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the 1990s and state ownership of land until the present, land tenure has been insecure for 

Ethiopian farmers. It is pointed out in previous sections that tenure insecurity can be an 

impediment for long-term investment in land by poor farmers. Although land still 

remains under state ownership, the recent federal and regional rural land administration 

and land use proclamations appear to give better tenure security. The policies entitle rural 

landholders to land use rights for indefinite period of time, rights for compensation in 

cases of expropriation, rights for inheritance, and rights for a holding certificate. These 

policy provisions need to be followed up with concrete implementation on the ground.  

 
(iii)  Training 
 
 Participation of household heads in agricultural/natural resources management 

training had significant impact on the likelihood of farmers growing trees in both Basona 

Werena and Sodo Zuriya, although the signs varied, being positive in the former and 

negative in the latter. Understanding why training had varying impacts by site is tricky 

because, apart from knowing whether or not a household head had participated in 

training, our survey questionnaire did not include questions that solicit the specific topic 

of training. Hence, the data lacks information on whether a farmer was trained in 

management of crops, livestock, trees, or other. It is generally believed that training 

brings positive attitudes and improves skills. With the average schooling of household 

heads in the two study sites being less than 3 years of primary education, training in 

specific tree cultivation techniques is necessary to develop the farmers’ knowledge, skills 

and attitudes.   

 
(iv) Infrastructure  
 
 Distance of households to accessible road was negatively and significantly 

associated with number of trees grown per household in Sodo Zuriya. Although not 

significant, the sign was also negative in Basona Werena. The difference in the 

significance of road access between the two sites may be attributed to the more market 

orientation of tree production in Sodo Zuriya than in Basona Werena. One of the themes 

that transpired from our focus group discussions was income generation was the second 

most important objective of farmers’ motivation for planting trees after meeting their 
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household needs for fuel and construction. Hence, as more farmers get aware of market 

opportunities and tend to expand the extent of their tree planting for sale, the importance 

of good access to roads is more likely to be significant in Basona Werena, as well.   

 From a longitudinal panel survey data of rural households in Ethiopia, Dercon, et. 

al. (2007) found that access to all-weather roads reduced the incidence of poverty by 6.7 

percent, and tripled the percentage of households receiving at least one visit from an 

extension agent between 1994 and 2004. With regard to tree planting, the direct and 

indirect benefits of improved road infrastructure in the two study sites can be perceived to 

operate through four mechanisms: (a) increasing agricultural income of households 

through facilitating low-cost supply of inputs and marketing of agricultural products 

(which showed positive and significant impact on number of trees grown in Sodo 

Zuriya); (b) facilitating supply of tree seedlings; (c) facilitating marketing of tree 

products which in most cases is undertaken with prospective traders buying standing 

trees; and (d) facilitating frequent visits by extension agents. Therefore, improving rural 

road network is crucial for farmers to make a well informed production decisions and to 

exploit the market opportunities of tree production. 

 
Potential for future research 
 
• Although the experience of tree growing and some of the underlying conditions that 

determine the farmers’ decisions differed between the two study sites, similarities 

were also observed in other determining factors such as landholding size and tenure 

security. The findings of this study could, therefore, be used as a base to promote 

farm tree planting by smallholder farmers in similar farming systems and agro-

ecological conditions in other highland regions of Ethiopia. However, further research 

would be essential in order to apply findings to a wider geographical area.   

• There is a rich literature on determinants of farmers’ agroforestry adoption from 

research in a number of developing countries of Africa, Asia, Latin America, and the 

Caribbean. The empirical findings from those studies suggest a number of household 

demographic, resource, market, biophysical, and risk variables influencing the 

farmers’ decision to initially adopt and to continue adopting agroforestry trees into 

their farms. Such findings are discussed in reviews of agroforestry adoption studies 
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by Pattanayak, et. al. (2003) and other site-specific studies by Magcale-Macandog, et. 

al. (2006), Johnson and Delgado (2005), Neupane, et. al. (2002), and Blatner, et. al. 

(2000) among others.  

However, when we talk about smallholder tree planting decisions, we may need to 

distinguish between tree planting in agroforestry systems and tree planting in other 

farm woodlots. For example two of the basic features of agroforestry are multiple 

interactive outputs and multiple economic roles (Scherr, 1992). These features make 

it difficult to separate the farmers’ rationale to plant tree crops from the rest of the 

farm components. Trees planted in agroforestry systems are predominantly fruit, 

fodder, leguminous, shade and wind breaking tree species. The primary purpose of 

the trees planted in this system is to enhance productivity of other food crops, to 

supply feed for livestock, and fruits for the family. Supply of fuel and other wood 

product from those trees is perhaps a secondary objective to the household.  

On the other hand, there are other farm woodlots of Eucalyptus or other exotic 

conifers that are not planted to enhance the productivity of food crops, or to supply 

fodder to livestock, and edible fruit to the household. In this case the primary output 

from such trees is wood for household consumption and income generation from sales 

of the surplus. In view of such differences in species and purposes of trees planted in 

agroforestry systems and other woodlots, it may be difficult to infer results of tree 

planting decisions in agroforestry systems to tree planting decisions in other 

woodlots. Subsequent studies should, therefore, consider these differences and make 

distinctions of factors determining the farmers’ decisions to grow trees in agroforestry 

systems and those in other farm woodlots.  

• This study is based on a unitary structure of the household which assumes that 

members have identical preferences, income from all sources is pooled, and that the 

household has a central decision maker who acts on behalf of all the family members. 

However, some critics question the validity of the unitary household model 

assumptions and argue for approaches that consider multiple economic spheres, 

incomplete pooling of resources, and conflicts among household members over the 

distribution of resources (Fisher, et. al. 2000; Browning and Chiappori, 1998; Udry, 

1995). They suggest the collective household model as a better alternative in order to 
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take care of intra-household differences in the household’s decision-making. 

Although Ethiopian rural traditions seem to be more consistent with the unitary 

model, we, however, suggest further research in farmers’ tree planting decisions that 

is based on the collective household model in order to look at intra-household 

distinctions. This may particularly be important in Sodo Zuriya where female-

managed plots (home gardens) are common in male-headed households. 

The results from this study identified some important variables that influence tree-

growing decisions of smallholder farmers in the highlands of Ethiopia with specific focus 

in the mixed cereal-livestock farming systems of Basona Werena woreda and the enset-

coffee-cereal-livestock system of Sodo Zuriya woreda. The farmers’ tree growing 

decisions in other parts of the highland regions of the country may resemble those of 

Basona Werena and Sodo Zuriya where these two farming systems are practiced. We 

believe these findings will assist in formulation of policy and further research in similar 

agro-ecological and socio-economic conditions of the country. 
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Appendix A. Variables used in the models and their expected effect on farmers’ initial decision and extent of growing trees. 
 

Variable 

name 

Variable 

type 

Description Expected 

effect 

Hypothesized reasons 

SITE Dummy Study site (Basona Werena = 1)   

GENDER Dummy Sex of household head; (1 if female, 0 if 

male 

+ Since fuelwood collection is largely women’s 

task, female-headed households would like to 

have on-farm supply of wood   

FRESID Continuous Number of years household head resided and 

farmed on landholding 

+ Experience from past practices, more awareness 

on innovative farming techniques, and 

information about benefits 

FSIZE Continuous Family size + Availability of surplus labor. 

TRAIN Dummy Participation in training (1 if participated, 0 

otherwise) 

+ More receptiveness to innovations and 

possession of technical knowledge and skills 

LSIZE Continuous Size of own landholding in hectares + Availability of extra land to allocate for tree 

planting after satisfying the food production 

needs  

NPLOT Continuous Number of parcels of landholding ?  

TLU Continuous Total livestock herd in tropical livestock unit - Competition for grazing land and preference for 

fodder crops. 
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Appendix A (Continued). 

 

CRPYIELD Continuous Agricultural productivity in quintal (100 kg) 

per hectare of land 

+/- Less land required for food crop 

production/Poor land is marginal for food crop 

OFFWORK Dummy Farmer participation in off-farm work (1 if 

yes; 0 otherwise)  

+ Tree cultivation is less labor-intensive  

GROSSINC Continuous Annual household gross income (Birr) from 

all farm and non-farm activities 

+ Availability of resources to plant trees and 

ability to wait for the returns from long-term 

crop.  

ROADDIST Continuous Distance of household from nearest all-

weather road (km)  

- Difficulty of access to seedling supply and 

market for wood products. 

RENT Dummy Renting and/or sharecropping additional land 

from other farmers (1 if yes; 0 otherwise) 

+ Availability of additional land for food crop 

production  

LSECURE Dummy Farmer’s perception of land tenure security 

(secure =1; 0 otherwise) 

+ Certainty to reap the benefits of investment on 

trees 

Dependent variables 

FTREE Dummy Index of tree planting (1 if farmer grows 

trees; 0 otherwise) 

  

NTREE/NN

TREE 

Continuous Number of trees per household/Number of 

trees per hectare of landholding 
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Appendix B. Survey Questionnaire 

 
Introductory Note  
 

The main objective of this questionnaire is to study smallholder farmers’ decision 
making on farm tree management and wood production in the Ethiopian highlands from a 
farming systems and socio-cultural perspectives. The study is being conducted as part of 
his doctoral dissertation in forestry by the researcher, Zeleke Ewnetu.  

Two sites, Basona Worena woreda in Amhara National Regional State and Sodo 
Zuriya woreda in SNNP Regional State are identified for this research. A total of 150 
randomly selected households in 10 peasant associations will be interviewed in each of 
the two study sites via direct house-to-house visits. Both male and female heads of 
households will be interviewed.  

Information given by individual household heads will strictly be kept confidential 
during the course of the study and beyond. The results of the study will be reported based 
on analyses of aggregate data. We believe that findings from this research will generate 
scientific information for policy-makers and rural development agencies that will guide 
them towards a better and more informed decision-making for rural development forestry 
and poverty alleviation in the highlands of Ethiopia. Your participation and candid 
response to the questions will, therefore, be highly appreciated.  

 
General Identification and Background 
 

Questionnaire Ref. No. ---------------- 

Name of interviewer ____________________________ Date _____________ 

Peasant Association __________________________      Village ____________ 

Head of household         

Gender: (M/F) ______         

Martial status (married/single/divorced/widowed):______________  

         Ethnicity ______________________ 

Respondent (if different from above) ________________ (Wife/Daughter/Son/Other HH 
member, who is 18 years and above.) 

For how many years have you lived on your present landholding 

(i) as member of the household?  ________ years 

(ii)  as head of the household?  __________ years 
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Part I.  Household composition  

1. Who lives in this household? [List nuclear as well as extended family members 
including those who are entirely dependent on the household for food and clothing 
but temporarily living elsewhere (e.g. high school students living in towns)]  

 
Relation to HH head/Spouse No Sex 

(M/F) 
Age 

(years) 
Household 

head 
Spouse Child Hired 

labor 
Other 

(specify) 
1        
2        
3        
4        
5        
6        
7        
8        
9        

10        
11        
12        

 
2. What is the highest level of formal education (number of years) of each household 

member listed in question No. 1? Please indicate (√) in the column provided if any of 
your household members participated in any short agricultural training and specify 
the type of training.  

 
No Number of years of 

formal education  
(zero if none) 

Participation in agricultural 
training  

1   
2   
3   
4   
5   
6   
7   
8   
9   

10   

11   

12   
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Part II. Household capital and Income  

3. What is the size of the total land that your household presently own? 
_______________ (hectares or local measurement unit; please indicate.) 
Total number of plots ______________ 

4. How do you categorize the fertility of your land indicated in question 3 above?  
(Indicate the estimated area that falls under each fertility category.) 

 
Fertility category  

1=poor 2=intermediate 3=fertile 

Estimated area 

(specify the unit)  

 

 

  

 
5. What is your present land use distribution? By putting a (√) mark in the appropriate 

column (s), indicate the distribution of your land use by category of land ownership.  
 

Land ownership category No. Major land use  Approx. Area 
(specify unit) 

Own 
land 

Rented in 
land 

Sharecropping 
land 

1 Homestead area     
2 Annual crop     
3 Perennial crop     
4 Grazing land     
5 Woodlot     
6 Degraded/wasteland     
7 Other (specify) 

 
    

 
6. How many heads of the following animals does your household own? 
 

No. Type of animal Number 
 

1 Oxen  
2 Cows  
3 Heifers   
4 Calves  
5 Sheep  
6 Goats  
7 Chicken  
8 Donkeys  
9 Mules  

10 Horses  
11 Bee hives  
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7. Do you sell any of these animals as part of generating cash income for your 

household?  Yes No 

(If “Yes”, continue to question 8. If “No”, go to question 9.) 

8. How many animals did you on average sell per year in the past 3 years? 

 
No. Type of animal Number of 

animals sold 
 

Income 
earned 
(Birr) 

1 Oxen   
2 Cows   
3 Heifers    
4 Calves   
5 Sheep   
6 Goats   
7 Chicken   
8 Donkeys   
9 Mules   

10 Horses   
 
9. Do you sell any animal product to generate cash income for your household?   
 Yes No 
 

(If “Yes”, continue to question 10. If “No”, go to question 11.) 
 

10. How much animal product did you on average sell per year in the past 3 years? 

No. Animal product Unit Estimated 
quantity sold 
per year 

Annual 
income 
earned (Birr) 

1 Milk Liter   
2 Butter  Kg   
3 Dung cakes (specify 

unit) 
Donkey 
load 

  

4 Egg No.   
5 Honey Kg   
6 Others (specify) 
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11. What crops does your household grow and how much of each crop did you produce 
per year over the past 3 years? Please indicate the estimated quantities of each crop 
produced for own household consumption and for sale.  

 
Distribution  Crops Unit  Total 

Consumed Sold 

Wheat Kg    
Barley Kg    
Tef Kg    
Maize Kg    
Sorghum Kg    
Shinbra Kg    
Beans Kg    
Peas Kg    
Lentils Kg    
Flux Kg    

 
 
 
 
Annual 
crops 

Vegetables Kg    
Fruits Kg    
Enset Kg    
Chatt Kg    
Coffee Kg    
Sugar cane No.    

 
Perennial 
crops 
 

Gesho Kg    
     
     

Others 

     
 
12. Does any member of your household work on any off-farm income source activities? 

 Yes  No 
 

(If “Yes”, continue to question 13. If “No”, go to question 14.) 
 

13. Please indicate which off-farm activity your household members do and the estimated 
average annual income earned over the past 3 years?  

 
No. Off-farm activity Estimated annual 

income (Birr) 

1 Wage work on other farmer’s farm  

2 Food-for-work program  

3 Project or town employment  

4 Collecting and selling fuelwood, poles, and charcoal  

5 Trade   

6 Others (specify) 
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14. Does your household receive income from the following sources? If “Yes”, please 

give the estimated average income (Birr) earned per year over the past 3 years. (If 
none, write “0” in the space provided.) 

        Birr/year  
a) Remittance     _______ 
b) Retirement benefit   _______ 
c) Other sources of income (specify) 

---------------------------------------- _______ 
 

15. Can you tell me in which of the following ranges your household’s estimated average 
annual gross income (Birr) from all your farm and non-farm activities has been over 
the past 3 years? 
a)  over 11, 000    d)  5,001 – 7,000 
b)   9,001 – 11,000  e)  3,000 – 5,000 
c)  7,001- 9,000    f)  below 3,000 

 
Part III: Household consumption and production expenditures 

16. Did you purchase food items for your household consumption over the past 3 years? 
Yes No 

 
(If “Yes”, continue to question 17. If “No”, go to question 18.) 
 

17. How much did you spend (Birr) on purchase of food items on average per year? 
----------------------Birr/year 
 

18. Did you purchase energy fuels (fuelwood, charcoal, dung cakes, kerosene, etc.) for 
household consumption over the past 3 years?  Yes No 

 
 (If “Yes”, continue to question 19. If “No”, go to question 20.) 
 
19. How much did you spend (Birr) on purchase of energy fuels on average per year? 
 -----------------------Birr/year 
 
20. Did you purchase any of the following inputs for your farm activities over the past 3 

years?  If “Yes”, please indicate the average estimated quantity you purchased per 
year. 

 

Item Unit Quantity 

Fertilizer Kg  
Pesticides Liter  
Seed Kg  
Hired labor Person-days  
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Part IV. Farm Tree Management  

21. Do you presently grow trees on your farm?  Yes  No 
 

(If “Yes”, [ Tree grower], continue to questions 22.1 through 22.6).  
 
If “No”, [ Non-tree grower], go to question 23.) 
 

22. If  response to Q. 21 is “Yes”, (Tree grower) 
22.1. For how long have you been growing trees? _________ years. 
 
22.2. What are the species of trees that you mostly grow? Please indicate the 

estimated number and specify the primary objective of the trees of each species 
by putting a (√) mark. 
 

Primary objective of growing the trees No. Species Est. 
number 
of trees 1 2 3 4 5 

1        
2        
3        
4        
5        

 
Key to primary objectives 
1= Cash income;  2=Household consumption;  3=Erosion control/Soil improvement 
4=Coffee shade;  5=Others (specify by species) 
 
22.3. How has your overall annual rate of tree planting varied over the last 3years? 

a) declined  b) increased  c) remained the same 
 

22.4. If declined, what is the most, second, and third important factor for the decline? 
____ Most important factor  1. Shortage of labor 

2. Shortage of seedlings 
_____Second most important factor 3. Shortage of land 

4. Negative effects on food crops  
_____Third most important factor 5. Market disincentive 

      6. Low survival rate/productivity 
7. Self-sufficient for own consumption 

       8. Prohibitive government regulation 
       9. Other _____________________ 
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22.5. If increased, what is the most, second, and third important factor that motivated 
you to increase your annual rate of planting? 

____Most important factor  1. Increased availability of labor 
2. Increased supply of seedlings 

____Second most important factor 3. Increased size of land 
4. Positive prospect of tenure security 

____Third most important factor 5. Market incentive 
6. Increasing scarcity of wood from other 

sources 
7. Improved information/knowledge  
8. Other _________________________ 
 

22.6. How much labor time did you spent last year on the management of your trees? 
-------------- person-days  
 

23. If response to Q. 21 is “No”,  (non-tree grower)  
23.1. What is (are) the factor (s) that prevented you from planting trees? (Please list 

from most important to lesser important factors.)     
 ___________________________________ 
 ___________________________________ 
 
23.2. Is there a state forest or community woodlot from which you can freely collect 

wood? Yes No 
 
23.3. If “Yes”, how much average estimated labor time (man-hours) does your 

household spend per week to collect these wood products from that forest? 
a) less than 3 hours  b) 3-5 hours  c) more than 5 hours 
 

23.4. If “No”, how do you meet your household need for fuel? (Mark one or more as 
applicable.) 
a) use agricultural residues (dung and/or crop residues) from your farm as fuel 
b) use purchased fuel (fuelwood, charcoal, and/or agricultural residue) 
c) use commercial fuels (kerosene, gas or electricity; specify.) 
d) Other ____________________________________ 
        _____________________________________ 
 

23.5. If you are purchasing any of the fuels in Q. 23.4, how much is your average 
monthly expense (Birr) on purchase of fuel?  Birr __________ 

 
23.6. Are you considering to growing trees in the future? Yes  No 

 
23.7. If “Yes”, could you give me some reasons why you are considering to growing 

trees?  
  _____________________________________ 
  _____________________________________ 
  _____________________________________ 
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23.8. If you are not considering to growing trees, could you give me some reasons 
why you may not? 
______________________________________ 
______________________________________ 
______________________________________ 
______________________________________ 

   
Part V: Forest product market 

24. How far is your household/farmland located from 
24.1. the nearest all-weather road? _________km 
 
24.2. the nearest town _______km 

 
25. Have you sold any forest product in the past 3 years? Yes No 

(If “Yes”, continue to question 26. If “No”, go to 28.) 
 

26. If “Yes”, please indicate which of the following forest products you sold and the 
average annual income you earned in the past 3 years? 

  
Source Type of forest 

product sold Own 
farm(√) 

Other
(√) 

Unit Quantity Income 
earned 
(Birr) 

Fuelwood      
Poles      
Round logs      
Lumber      
Charcoal      
Others (specify) 
 

     

 
27. Where have you mostly sold these products?  

a) inside your village  
b) other market (specify) ___________________________________ 
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Part VI: Land ownership and tenure security 

28. How and when were your present landholding/plots acquired?  

Type of land acquisition Number of years 
since plot has 
been acquired 

Total area 
(ha or local 
unit) 

1. Allocated by kebelle PA   
2. Inherited   
3. Rented   
4. Sharecropping   
5. Other (specify) 
 

  

 
29. If you are renting in and/or using other farmer’s plot(s) on a sharecropping basis (as 

indicated in question 28 above), for how many years is your present contract period 
in each case?  

 

Rented in Sharecropping 
Since which 
year  

Length of 
contract (years) 

Since which 
year 

Length of 
contract (years) 

 
 

   

 
30. Have you rented out and/or have given out any of your plot(s) to other farmer on a 

sharecropping basis?  Yes No 
 (If “Yes”, continue to Q. 31. If “No”, go to Q. 32.) 
 

31. Please indicate the amount of land that you have rented out and/or are sharecropping 
and indicate the duration of the contract in years?  

 
Rented out Sharecropping 

Est. area 
(specify unit) 

Since 
which 
year  

Length of 
contract 
period 
(years) 

Est. area 
(specify unit) 

Since 
which 
year 

Length of 
contract 
period  
(years) 

      
 
32. Recently the government has introduced a system of land certification for farmers.  

32.1. Have you received the certification book for your land?   Yes No 
  (If “Yes”, continue to Q. 32.2. If “No”, go to Q. 32.3.) 
 
32.2. When did you receive the certification (year)? _____________ 
 
32.3. If you have not received the certification book yet, have you been aware of the 

land certification system?  Yes No 
 (If “Yes”, continue to Q. 33. If “No”, go to Q. 40.) 
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33. In what way has the introduction of land certification changed your attitude with 

respect to growing trees on your farm? 
a) It has changed my attitude positively (increased interest to grow trees)  
b) It has not changed my attitude in any way  

       c) It has changed my attitude negatively (decreased interest to grow trees) 
 

34. Do you intend to plant more trees in the coming 3 years? Yes No 
 
35. What other changes, if any, have you made on your land use/land management 

investment following the provisions of land certification?  
  

36. How did you perceive the security of tenure you had on your land allocated by your 
PA or inherited land until the recent introduction of land certification?  
a) secure    b) insecure 
 

37. How did you perceive the security of tree tenure on farms allocated by PA until the 
recent introduction of land certification?  
a) secure    b) insecure 
 

38. Do you believe that land certification will give you more security 
38.1. over ownership of your land?    Yes  No 
38.2. over ownership of your tree property?  Yes No 
 

Part VII.   Risk perceptions 

39. For each of the following farm products, please indicate how risky you perceive each 
activity to be in terms of production (climatic and biotic loss), market, and ownership 
risk? 

 
Production risk Market risk Ownership risk   

Product 
type 

Not 
risky  
 

Moder-
ately 
risky  

Risky  
 

 

Not 
risky  
 

Moder-
ately 
risky  

Risky  
 

 

Not 
risky  

 

Moder-
ately 
risky  

Risky  
 

 
Livestock           
Grain          
Vegetables           
Cash crops 
(chatt, 
coffee, etc.) 

         

Trees          
 
40. Is there anything else you would like to tell me about your farming operation, tree 

growing, or other aspects of your livelihood strategies? 
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Appendix C. Guiding questions used for focus group discussions 

 
Introductory remark about: 

- personal introduction of participants and facilitators 

- the objective of the focus group interview and about what we will do 

- the composition of the group and why they were specifically selected 

- confidentiality of views 

1. Trend and status of farm tree growing 

1.1 What does the trend of farm tree planting and management looks like in your 

kebelle over the last 3-5 years? Has it changed in any way? If so, in what way 

and what do you think are the reasons for the change? 

1.2 My recent survey shows that about 79% of the farmers in Basona Werena (76% 

in Sodo Zuriya) have trees on their farms and the rest do not. What do you think 

are the reasons why so many farmers grow trees and the others do not? 

1.3 Eucalyptus is the predominant tree species grown by nearly all farmers who 

have trees on their farms. What do you think is/are the reason(s) for such a high 

focus on Eucalyptus?  

2 Gender specific issues 

2.1. For you as male/female heads of households, what are the first, second, and 

third important objectives that motivate you to grow (or not grow) trees on your 

farms? 

2.2. Results from recent survey shows that 82% of male-headed households and 

71% of female-headed households in Basona Werena (79% male-headed and 

59% female-headed households in Sodo Zuriya) have trees on their farms. Why 

do you think is the proportion of male-headed households who grow trees is 

greater than that of female-headed households? 

3. Tenure security and land use  

3.1. What do you think about the land and tree tenure system that existed before the 

introduction of the recent system of rural land use and administration of the 

region? Do you think that the tenure system had any impact on farmers’ land 

use and management, including farm tree development in the area? 
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3.2. What do you feel about the current policy and legislation on rural land use and 

administration of the region which, among other things, provides for issuance of 

land holding certificate to peasant farmers? What impact do you think will it 

have or has it brought on farmers’ perception of tenure security and land use, 

including farm tree production? 

4. Other issues 

4.1. A very great majority of the interviewed farmers (both tree growers as well as 

non-tree growers) are of the opinion that farm tree production and marketing is 

less risky than animal and food crop production and marketing. Do you agree? 

4.2. Some studies made elsewhere in the country indicate that growing trees could 

be more profitable for farmers than growing food crops. Do you think this may 

be the case here in your area, too? Do you think that farmers in this area would 

also agree with you? 

4.3. Can you tell us about any constraint - policy, extension (e.g. supply of 

seedlings), cultural (e.g. beliefs), or social (e.g. neighbor’s resistance) - that 

influences farmers’ decision on:  

a) whether or not to plant, harvest, or market trees and tree products? 

b) selection of species? 

c) spatial location and management of trees on farms? 

4.4. What do you think about the future trend of farm tree production in this area?  

 
 
 
 
 


