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Abstract

Micro irrigation is one of the most useful irrigation systems designed to increase production 

and productivity. Planners, researchers, development practitioners, and donors emphasized 

the importance of micro irrigation in their policy recommendations and actual measures. 

This study focuses on the adoption and impact of micro irrigation with specific reference to 

Eastern Tigray. Studies focusing on the impact of micro irrigation are scanty in the study 

area. The main objective of the study is to investigate the factors determine the adoption and 

impact of micro irrigation on the income  of rural households. Analysis was based on 

quantitative and qualitative data. Quantitative data have been gathered from primary 

sources, using semi- structured questionnaire, from 388 randomly selected households (179 

micro irrigation users and 209 non users). Secondary data were also collected from different 

sources. The simplest way to estimate the effect of treatment would be to obtain the difference 

between the outcome of micro irrigation users and non-users of MI. This would be valid if 

the participants of the program were randomly selected. However in reality this is unlikely to 

be the case. Problems associated with self-selection will result in biased estimates. Hence, 

the study used Propensity Score matching method to obtain unbiased estimates. Moreover, 

descriptive statistics (ANOVA, Chi square and mean) was also employed for analysis to 

achieve the research objectives. Findings of the study show that lack of awareness, sufficient 

irrigation water and the presences of pest and disease are the major problems  incounterd in 

micro irrigation participation and the main household characterstic that enfulence adoption 

of this technology are gender of the household head, age, family size, non-farm participation, 

availability of water for irrigation, extension service, the frequency of the development agent 

visit, and market distance and in general micro irrigation have brought a significant positive 

impact on income of its users.

Keywords: Micro irrigation, income, impact, Eastern Zone, Saesie Tsaeda Emba and 

KilteAwla-elo.
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CHAPTER ONE: BACKGROUND OF THE STUDY

      1. Introduction 
Ethiopia is one of the oldest nations; agriculture has been practiced for some 11,000 years 

(FAO, 2008). Ethiopia is endowed with natural resources, especially in agriculture, which 

sustained its inhabitants for thousands of years without receiving any technological support 

from outside (Habtemariam, 2007). 

Agriculture is the mainstay of the Ethiopian economy in terms of income, employment and 

generation of export revenue, its contribution to GDP, although showing a slight decline over 

the years has remained very high, at approximately 44% (Fitsum et al., 2009)

Heavy reliance on rain fed agriculture, under conditions of very variable rainfall and 

recurrent droughts, affects agriculture and, hence, has adverse effects on the economy of 

Ethiopia. In fact, the World Bank (2006) estimated that hydrological variability currently 

costs the economy over one third of its growth potential and has led to a 25% increase in 

poverty rates. Enhancing public and private investment in irrigation development has been 

identified as one of the core strategies and to enable sustainable growth and development 

(World Bank 2006, MoWR 2002, MoFED, 2006). In government policy documents, 

irrigation development has already been identified as a source of sustainable economic 

growth and rural development, and is considered as a cornerstone of food security and 

poverty reduction (MoWR 2002, MoFED 2006).

Poverty alleviation has been largely a result of economic growth (Roemer and Gugerty 

1997). Because Ethiopia is an agrarian country, agriculture is the leading sector as source of 

income, employment and foreign exchange and national economic growth is determined by 

the performance of agriculture. The occurrence of erratic rainfall have created uncertainty for 

agricultural production and emphasized the need for irrigation in Africa Irrigation plays the 

key role in the performance of agriculture, which increases income growth. Income growth is 

essential for economic growth (Hussain and Biltonen 2001). Developing countries that 

ensure sustainable economic growth can be able to reduce their poverty levels, building up 
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their democratic and political stability. They also improve the quality of natural environment 

and even reduce their incidence of crime and violence (Loayza and Soto 2002). 

To understand the role of irrigation in income growth and poverty alleviation, it is useful to 

review the fundamental sources of economic growth. According to (Maddison 1970) there 

are three major sources of economic growth. The first is an increase in the amounts of inputs 

used in production. Additional inputs can move a country out of its aggregate production 

function to a higher isoquant and higher levels of output. The three major inputs in the 

development process are population growth (which affects labor availability and labor), 

natural resource availability (which affects the cost of environmental factors such as land 

with its associated soils, water, and forest), and capital accumulation (which affects the 

availability of man-made inputs).

A study by IFAD (2005) states that in Ethiopia, the construction of small-scale irrigation 

schemes has resulted in increased production, income and diet diversification in the Oromia 

and Southern Nation and Nationalities People (SNNP) regions. According to this study, the 

cash generated from selling vegetables and other produce is commonly used to buy food to 

cover the household food demand during the food deficit months. The same study further 

added that during an interview conducted with some farmers, it was disclosed that the hungry 

months reduced from 6 to 2 months (July and August) because of the use of small scale 

irrigation. Moreover, the increase in diversity of crops across the schemes and the shift from 

cereal livestock system to cereal-vegetable-livestock system is starting to improve the 

diversity of household nutrition through making vegetables part of the daily diet. A study 

conducted by Woldeab (2003) also identified that in Tigray region irrigated agriculture has 

benefited some households by providing an opportunity to increase agricultural production 

through double cropping and by taking advantage of modern technologies and high yielding 

crops that called for intensive farming. In the same way, Zhou et al. (2008) mentioned that 

irrigation contributes to agricultural production in two ways: increasing crop yields, and 

enabling farmers to increase cropping intensity and switch to high-value crops.
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Poverty reduction and ensuring household food security are important policy goals in 

developing countries, particularly in sub-Saharan Africa. Several authors agree that reaching 

the Millennium Development Goal (MDG) of halving poverty and hunger by 2015 in this 

region requires giving high priority to smallholder agriculture (Smith, 2004; Matshe, 2009; 

Tshuma, 2012). A general consensus is that smallholder irrigation remains a feasible and key 

strategy for achieving improved agricultural production, household food security and rural 

poverty reduction in the developing world (Kumar, 2003; Lipton et al., 2003; Hussain and 

Hanjra, 2004; Gebregziabher et al., 2009; Bacha et al., 2011). Although irrigation 

development comes at a cost, and may have negative environmental and health consequences 

such as increased water logging, saliniza-tion and water-borne diseases, it is one of the most 

important factors in increasing crop productivity and improving overall agricultural 

performance (Hussain and Wijerathna, 2004).

These sources of growth cause movement along a given multifactor production function. The 

second source of growth is a change the way in which a country uses its factors of 

production, increasing the amount of output produced by these inputs. These outputs increase 

can result from better organization of production or from shifts in the production function. 

For example, a new technology can shift the total production curve upward so more output is 

produced per unit of input. Increases in scale or specialization, increases in efficiency, or 

technological change are examples. In many cases, market conditions (relative prices) can 

change, in turn stimulating changes in these factors. The third source is increased human 

capital as embodied in people (e.g., improved education and health) and improvements in 

social institutions. Human capital can make labor more productive, contributing to 

technological progress and increase efficiency (especially when technologies and markets are 

rapidly changing).

Ethiopia has some 10 million small holder family farms that produce over 95% of 

agricultural output (World Bank, 2003as cited in Vince, 2005). Agriculture contributes 

substantially to the economic growth of many low-income countries. It is often the leading 

sector of the economy as a source of income, employment and foreign exchange. Agriculture 

employs more than 70 percent and contributes 30 to 60 percent of the gross domestic product 
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(GDP). More than half of the less developed countries population gets their food from own-

production. Agriculture output also is used as an input for industries so it can stimulate the 

growth of industrialization. Improving agricultural productivity thus has contributes to 

income growth (UNDP 2007). Current high population growth demands much more of 

agriculture than in the past and the region needs to realize a major growth both in agricultural 

production and export earning to meet the need of expanding population (FAO, 2001). Its 

GDP per capita was $ 350 in 2010 compared to $ 809 for Kenya and $ 1,705 for Sudan (IMF 

2011). Half of Ethiopia’s GDP depends on agricultural activity. Thus, the economy of 

Ethiopia is largely dependent on agriculture, and about 80% of the population is engaged in 

it. 

Considering the abundant land and water resources, which are underutilized in tigray region, 

irrigation could provide a significant technical means to increase agricultural output. 

However, because of the inefficient water harvesting techniques, and improper water 

utilization the expansion and productivity of irrigation is not appreciated as was expected. In 

this context it is recommended to study the potential water harvesting techniques as an 

alternative, more probably with ponds and water lifting technologies such as family drip 

irrigation.

Most of the previous studies on the impact of smallholder irrigation schemes in South Africa 

(Hope et al., 2008; Fanadzo et al., 2010; Van Averbeke, 2012) have been descriptive in 

nature and have not included any systematic quantitative evaluations. For example, Van 

Averbeke (2012) used observations of cropping intensity as a performance and/or impact 

indicator, while Hope et al. (2008) relied on gross margin analysis. Although these 

evaluations are relevant and make up an important part of the measurements of poverty 

impacts of smallholder irrigation, they are not complete, as they do not evaluate direct 

irrigation impact on household welfare. 

 Irrigation in Ethiopia contributes to increase farmers’ income, household resilience and 

buffering livelihoods against shocks and stresses by producing higher value crops for sale at 

market and to harvest more than once per year. In turn this provided them to build up their 

assets, buy more food and non-food household items, educate their children, and reinvest in 
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further increasing their production by buying farm inputs or livestock. However, the benefits 

are very unevenly distributed Eshetu et al (2010).

The dependency on rain fed agriculture coupled with the erratic nature of rainfall is the major 

factors blamed for the poor performance of the agricultural sector of widespread food 

insecurity in the country (FAO 1994). Irrigation has served as one key driver behind growth 

in agricultural productivity, increasing household income and alleviation of rural poverty, 

which highlights the various ways that irrigation could have an impact on poverty. According 

to Lipton et al. (2004) cited by Haile (2008), there are four interrelated mechanisms by which 

irrigated agriculture can reduce poverty, through: (i) increasing production and income, and 

reduction of food prices, that helps very poor households meet the basic needs and associated 

with improvements in household overall economic welfare, (ii) protecting against risks of 

crop loss due to erratic, unreliable or insufficient rainwater supplies, (iii) promoting greater 

use of yield enhancing farm inputs and (iv) creation of additional employment, which 

together enables people to move out of the poverty cycle. 

It is evident that irrigation continues to play major role in poverty alleviation by providing 

food security, protection against famine, and expanded employment opportunities. In 

Ethiopia, modern irrigation began in the 1950s through private and government owned 

schemes in the middle awash valley where big sugar, fruit and cotton state farms are found 

(FAO 1997). Ethiopia is believed to have the potential of 5.3 million hectares of land that can 

be developed for irrigation through pump, gravity, pressure, underground water, water 

harvesting and other mechanisms (MOFED 2010), though only 640000ha, (about 5% of the 

potential) is to date utilize.

1.2 Statement of the Problem
For Ethiopia ensuring food security stands out as the most pressing agenda now and for the 

coming decades. In Ethiopia, most areas are degraded, per capita land availability is 

dwindled and productivity of land and labour are reduced and agricultural production is also 

affected by variability of rainfall and drought (Seleshi et al, 2007). As a result, low farm 

production, widespread lower income, remain to be endemic problems in Ethiopia (Pendon, 

2007). All these situations expose the country to exacerbate the problem of poverty. On the 
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other hand, irrigation and water management practice could provide opportunities to cope 

with the problem of rainfall variability, enhance productivity per unit of land, and increase 

the volume of annual production significantly. 

Micro irrigation development benefits the poor households by promoting the production of 

high value crops, generation of farm and off farm income opportunities and plays critical role 

in achieving household food security (Cornic et. al, 2003 cited in Azemer, 2006 and 

Mengistu, 2008). 

Agricultural production in Ethiopia predominantly depends on rainfall. In addition, drought 

is becoming frequent and many people have been repeatedly exposed to hunger and famine. 

To alleviate the deep rooted food insecurity at household level, the Ethiopian government is 

practicing different drought proofing strategies. Among these strategies the introduction of 

different water harvesting schemes for the farmers to be able to produce enough for the 

whole year round is one. Hence, starting the last decade, both government and non-

government organizations in Ethiopia have been initiating and implementing micro irrigation 

projects. Accordingly, Eastern Tigray has constructed different small-scale irrigation 

schemes with the objective of increasing agricultural productivity to improve the food 

security situation of the farming communities and to reduce dependency on the erratic 

rainfall. 

However, in spite of some indications of improvements on the ground, in the study area there 

are not sufficient studies under-taken assessing both the adoption decision of farmers and 

economic impact of micro irrigation investment on household income. While there is 

evidence that there is high demand from smallholder farmers’ for different types of micro 

irrigation (such as pressurized/motorized and/or gravitational irrigation methods. Therefore, 

the general objective of this paper is to investigate households’ decision to adopt micro 

irrigation and its economic impact. More specifically, it is intended to identify factors that 

affect decision to adopt micro irrigation practices and examine if adopters attain significantly 

higher income levels.
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1.3 Objective of the study 

The overall objective of this paper is to investigate the adoption and impact of micro 

irrigation on income at household level. Identifying and examining the adoption decision of 

farmers and economic impact of the micro irrigation is anticipated to facilitate the design of 

policies to improve the performance of the stated technology and ultimately overall economic 

growth.   

The specific objectives of the study are:-

 To describe the perception of households on problems  encountered in micro 

irrigation practices in the study area  
 To investigate the major factors that determines the adoption decision of farmers’ to 

micro irrigation in the study area;

 To assess the impact of micro irrigation schemes towards increasing agricultural 

production  and income. 

1.4 Research Questions

 What perceptions do the farmers have in problems encountered in micro irrigation 

participation?

 What factors affect participation of households in micro irrigation? 

 Does adoption of micro irrigation have any effect on income of the household?

1.5 The hypothesis tested

Based on reviews of literatures and intuitive observation the researcher hypothesized that

H1: different problems like agronomic and households’ awareness significantly affects micro 

irrigation participation 

H2: different factors like farm level and household characteristic significantly determines 

participation in micro irrigation
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H3: adoption of micro irrigation can play a significance and positive impact in enhancing 

income of the household 

These three hypotheses were tested accordingly; 

The first hypothesis was tested by descriptive analyses tools used mean, mean difference and 

standard deviation and the seconded hypothesis was tested by estimating the probability of 

participation or marginal effect of the participation model and assessing the sign and 

magnitude of the coefficient of the covariates. Moreover, the third hypothesis was also tested 

by estimating and assessing the significance of the average treatment effect of income on the 

treated using the four matching algorithms.

1.5 Significance of the Study

By pointing out the adoption decision and economic impact of micro irrigation, this study 

will provide guidance to the administrators and researchers for enhancing the program’s 

effectiveness. Different studies have also revealed that the majority of the Ethiopian 

population in almost all regions of the country is severely affected by chronic and transitory 

food insecurity. Micro Irrigation development is one of the many components in the 

agricultural sector that has been promoted in drought prone highland areas and in the vast 

lowland areas of the country in order to increase and diversify agricultural production. Since 

the beginning of the 1990s, design and construction of small-scale irrigation infrastructures 

like diversion weir, dams, hand dug wells and field layouts have been undertaken by regional 

states. So far, it has been reported that most of the newly upgraded schemes are poorly 

performing due to problems related to weak management and operation of schemes and low 

level of beneficiary participation in the development process. Thus, this study is designed to 

assess such aspects of micro irrigation development in the Eastern zone of Tigray region.

It is also known that the major criteria considered in the decision of micro irrigation 

development are the availability of surface and subsurface water that could be diverted for 

irrigation through gravity and pressurized. This research tries to look at the adoption and 

impact of such issues on the performance level of micro irrigation schemes and will 

contribute towards the understanding of the smallholder irrigation sub-sector. It is also 
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important to evaluate how micro irrigation schemes help in increasing agricultural production 

and its contribution to generate income, asset creation and improving the living standard of 

the rural households. The significance of the study is that it attempts to provide realistic 

information on the overall issues of small-scale irrigation development in the study area and 

for formulating future strategies for smallholder irrigation investment.

In addition, the study can provide basic information for further research in the zone or/and 

the region.

1.6 Scope and limitations of the Study 

This study was conducted to analyze the impact of micro irrigation on rural household 

income in the study area. The research was undertaken  in  two weredas  assumed  to  have  

similar  ecology,  economic,  social  and demographic characteristics as compared to the area 

and variations that exist within the region. The scope of this study was limited due to time, 

budget and other resource limitations.

1.7 Organization of Thesis 

The thesis was organized into five main chapters. Chapter 1 presents an introduction to the 

problem, the main thrust of the study, and objectives of the study. Chapter 2 describes the 

literature review. Chapter 3 provides the methods of data collection and data sources; a 

description of the study area, the sampling and analysis techniques, and develops a 

conceptual framework used to analyze the empirical data, while Chapter 4 comprises the 

empirical results of the study and discussion. The final chapter 5 also comprises summary, 

policy implications and conclusions of the study. 
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Chapter Two: Literature Review

2.1. Concepts and Definitions:
The first question in any discussion of irrigation, as stated by Turner (1994), is the concept 

and definition. Micro Irrigation development could be defined as a case of agricultural 

development in which technology intervenes to provide control for the soil moisture regimes 

in the crop root zone in order to achieve a high standard of continuous cropping (EVDSA, 

1996). More to the point, FAO briefly defines irrigation “the supply of water to agricultural 

crops by artificial means, designed to permit farming in arid regions and to offset the effect 

of drought in semi-arid region” (FAO, 1997). Even in areas where total seasonal rainfall is 

adequate on average, it may be poorly distributed during the year and variable from year to 

year. Where traditional rain-fed farming is a high risk enterprise, irrigation can help to ensure 

stable agricultural production (FAO, 1997). 

Certainly irrigation is the application of water to living plants. According to FAO (1994), 

irrigation is defined as the artificial application of water to the crop for the purpose of food 

and fibre production overcoming deficiencies in rainfall and help in creating stabilized 

agriculture. Irrigation development could also be defined as a case of agricultural 

development, in which technology intervenes to provide control for the soil moisture regimes 

in the crop root zone in order to achieve a high standard of continuous cropping (EVDSA, 

1996). A wide definition such as the following is, therefore, more important. Irrigation is the 

practice of applying water to the soil to supplement the natural rainfall and provide moisture 

for plant growth (Uphoff, 1986).

Water is a basic need for human beings and animals. It is essential for their metabolic 

processes. It is used to build healthy Workforce, Ensuring Food Security, Provision of Clean 

energy for Agriculture, Industry & a Service Maintenance of Healthy Ecosystem, Recreation 

(Aesthetic Value), Transportation, Hedge against climate change and variability catalyst 

MoWE (2013). The most essential use of water in agriculture is for irrigation to produce 

enough food. Agriculture is the largest user of water in all regions of the world except 
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Europe and North America (FAO, 2002b). About 90% of water withdrawn is taken by 

irrigation in some developing countries and significant proportions in more economically 

developed countries WBCSD (2010). But about one fifth of the world (about 1.2 billion 

people) lives in areas of water scarcity, which is not enough water available to meet their 

daily, needs (World Development Report, 2010).

According to FAO (1996a), irrigated agriculture can be defined as the supply of water 

increased by artificial means, involving the use of water control technology and including 

drainage to arrange excess water. Irrigation has been practiced in Egypt, China, India and 

other parts of Asia for a long period of time. Ethiopia also has a long history of traditional 

irrigation system (mainly diversion schemes). There are direct and indirect strong relations 

between irrigation, agricultural productivity and poverty level (Comprehensive Assessment 

of Water Management in Agriculture, 2007). It enables farmers to increase crop production 

and achieve higher yields, food availability and affordability for non-irrigators and reduces 

the risk of crop failure if the rain fails (Hussein and Hanjra, 2004). India and Far East have 

grown rice using irrigation nearly for 5000 years Zewdie et al. (2007). Analysis in Asia 

indicates that irrigation contributes to increase yields per area, for most crops by between 

100%–400%. This has contributed to a reduction in food prices. Irrigation contributes to 

agricultural productivity through solving the rainfall shortage, motivates farmers to use more 

of modern inputs and harvest throughout the year and creates employment to members of the 

households especially to wife and children (FAO, 2011). According to Fuad (2002) irrigation 

in Ethiopia can be classified in to three:

  1. Small-scale irrigation which are often community based and traditional methods     

covering less than 200hectares.

2. Medium scale irrigation, which is community based or publicly sponsored, covering 200 to 

3000 hectares.

3. Large scale irrigation covering more than 3000 hectares, which is typically commercially 

or publicly sponsored.
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2.2 Micro Irrigation Development

The first question in any discussion of irrigation, as stated by Turner (1994), is the concept 

and definition. Micro Irrigation development could be defined as a case of agricultural 

development in which technology intervenes to provide control for the soil moisture regimes 

in the crop root zone in order to achieve a high standard of continuous cropping (EVDSA, 

1996). FAO briefly defines irrigation “the supply of water to agricultural crops by artificial 

means, designed to permit farming in arid regions and to offset the effect of drought in semi-

arid region” (FAO, 1997). Even in areas where total seasonal rainfall is adequate on average, 

it may be poorly distributed during the year and vary from year to year. Where traditional 

rain-fed farming is a high risk enterprise, irrigation can help to ensure stable agricultural 

production (FAO, 1997). 

Certainly irrigation is the application of water to living plants. According to FAO (1994), 

irrigation is defined as the artificial application of water to the crop for the purpose of food 

and fiber production overcoming deficiencies in rainfall and help in creating stabilized 

agriculture. A wide definition, such as the following is, therefore, more important. Irrigation 

is the practice of applying water to the soil to supplement the natural rainfall and provide 

moisture for plant growth (Uphoff, 1986).

2.3 Empirical and theoretical literatuers 

2.3.1 Perspectives and Objectives of Micro Irrigation 
A reliable and suitable irrigation water supply can result in vast improvements in agricultural 

production and assure the economic vitality of a region. Many civilizations have been 

dependent on irrigated agriculture to provide the basis of their society and enhance the 

security of their people (FAO, 1998). Accordingly, many countries depend on surface 

irrigation to grow crops for food and fiber. Without surface irrigation their agricultural 

production would be drastically lower and problem of unreliable food supply, insufficient 

rural income and unemployment would be widespread (Jurries et al, 2001).

Even though the most important objective of irrigation is to maintain the soil moisture 

reservoir, how this is accomplished is an important consideration. The technology of 
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irrigation is more complex than many appreciate. It is important that the scope of irrigation 

science is not limited to, diversion and conveyance systems, or solely to the irrigated, or only 

to the drainage pathways. Irrigation is a system extending across many technical and non-

technical disciplines. It only works efficiently and continually when all the components are 

integrated smoothly (FAO, 1998).

2.3.2 Irrigation-productivity linkage 

Literature that examines the impact of drip irrigation on agricultural performance, household 

production and poverty are mixed. Some argue that expansion of irrigated  creates a number 

of environmental problems associated with irrigation such as land degradation, loss of natural 

habitat, possibly inducing problems of water logging and salinity problems which hit 

primarily the poorest first and hardest, consequently perpetuating rural poverty. Rosegrant 

and Everson (1992) found that they were unable to establish a positive link between 

irrigation and productivity in India. Similarly, a study done by Jin et al (2002) also did not 

find a link between irrigation and the total factor productivity growth of any major grain crop 

in China between1989 and 1995. Empirical study conducted by Berhanu and Pender (2002) 

in Tigray Region, Ethiopia showed that the impacts of micro irrigation development on input 

use and the productivity of farming practices controlling all other factors were insignificant. 

They indicated that micro irrigation has limited impact on the use of fertilizer and improved 

seed leading to less gain productivity from micro irrigation. However, they suggested the 

reason why micro irrigation failed to improve productivity of farming practice, deserved 

further and careful study of the technical, institutional, governance and managerial aspects. 

On the other hand, in line with the irrigation and production linkage, there are a number of 

studies in different countries that show evidence irrigation has served as the key driver 

behind growth in agricultural productivity and increasing household income and the 

alleviation of rural poverty Lipton et al. (2003). They stated that there are four interrelated 

mechanisms by which drip irrigated agriculture can increase, though:

Increasing production and income, and reduced by food price, that helps very poor 

households meet the basic needs and associated with improvements in household with overall 
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economic welfare, Protecting against the risks of crop loss due to erratic, unreliable or 

insufficient rain water supplies, Promoting greater use of yield enhancing farm inputs which 

creates of additional employment, which together enables people to move out of the poverty 

cycle. Agriculture generates more than five dollars worth of value the regional economy, 

which suggested irrigation development has a strong multiplier effect on other sectors of the 

economy Ali and Pernia (2003). Datt and Ravallion (1997) also found that improvement in 

agricultural A study undertaken by Narayamoorthy (2001:349-362) in India using state-wise 

cross-section data covering the period 1970 to 1994 for fourteen major states of India, 

showed that besides increasing the cropping intensity and productivity of crops, the intensive 

cultivation of crops due to timely access to irrigation increased the demand for agricultural 

laborers and hence wage rates for those who lived below the poverty line. He concluded that 

improvement in access to irrigation and investing in human capital development are the two 

most important factors for agricultural growth and rural poverty reduction in India. 

Moreover, a study made by Fan et al. (1999) examining the linkages between government 

spending, growth and poverty in rural India, using sate level data from 1970 to 1993 which 

showed that government spending on productivity enhancing investments, such  as research 

and development in agriculture, rural infrastructure  (including roads, electricity, and 

education). They found that irrigation development, in addition to the raising agricultural 

productivity, also encourages private investment in those regions. Empirical evidence from 

Australia showed that a dollar worth of output generated in irrigated productivity and rural 

poverty reduction in India have moved together, and that irrigation and other infrastructure 

development have played an important role. They describe that states with better initial 

stocks of human resources, physical infrastructure and irrigation intensity have achieved a 

higher growth in agricultural productivity, which in turn helped to reduce rural poverty. This 

evidence was reinforced by Shah and Sigh (2004) who found in India more irrigation means 

fewer people below the poverty line. Moreover, Fan et al (2000), in their study on the role of 

public investment in growth and poverty, noted that government expenditure on productivity 

investment which includes investment in irrigation has played a significant role in poverty 

reduction and enhancing productivity in rural China.
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FAO (1996) suggests that in developing countries, irrigation can increase yields of most 

crops by 100 to 400%, while also allowing farmers to reap the economic benefits of growing 

higher-value cash crops less risky, more continuous and higher, levels of rural employment 

and income (for both farm families and landless laborers) can result from irrigated as 

compared to rain fed agriculture. Increased productivity is also noted to have an effect in 

reducing overall food prices. Binswanger and Quiz (1986) found that in India the effect of 

expanding the irrigated area by 10 percent of the rural poor, resulted in an aggregate output 

increase by 2.7 percent, and a decreased in the aggregate price level by 5.8 percent. With a 

secure water supply, farmers can choose to invest in higher-yielding seeds, grow higher-

value crops, and harvest an additional crop or two each year. Irrigation also increased 

cropping intensity, farm income, and job opportunities for those that are landless rural poor. 

Investigations made by the chancellor and Hide (1997) at 12 small schemes in Kenya and 

Zimbabwe, farmers appeared to have a reasonable standard of living and were able to cover 

the cost of school expenditures and health needs. In another study conducted in the Gambia, 

Zimbabwe, Tanzania and Kenya, women’s access to irrigated land and control of the 

distribution of produce had a significant impact on overall family nutrition and income of 

female-headed households (IPTRID, 1999). More recently, a study undertaken by Haile et al. 

(1996:15-20) using farm-level data collected from 324 households in Nepale also indicated  

that shallow well tub wells with drip irrigation has generated  a significant positive effect in 

increasing the onion yields and overall farmers’ incomes. On an average yield of shallow 

tube well drip irrigation owners was increased by 86% when compacted into that of rain fed 

farmers. The net income of shallow tube well with drip irrigation owners exceed that of the 

rain fed farmers by $69 per hectare, which has an obvious effect on the ability of the farmers 

to increase the production and sustained livelihood strategies.

2.3.3 Socio- Economic Impact of Irrigation Development

Impact studies differ in terms of geographic coverage, scale of analysis, and approach 

adopted in measuring impacts. Accordingly, the analysis varies among different studies, 

ranging from household, to village, region, national and international level. The approaches 
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adopted to study the socioeconomic impacts of irrigation in various studies can be classified 

into three major categories:

1. “Before and after” comparisons

2. “With and without’’ comparisons.

3. “More and less” comparisons (Hussein and Hanjira, 2004: 11) According to Hussein and 

Hajira, (2004:5), irrigation benefits the poor through higher production, higher yields, lower 

risk of crop failure and higher and year round farm and nonfarm employment. Irrigation 

enables smallholders to adopt more diversified cropping patterns, and to switch from low 

–value staple or subsistence production of high value available and affordable for the poor. 

Since irrigation investments lead to production and supply shifts, indirect linkages operate 

through regional and national level and have a strong positive effect on the national 

economic growth benefiting the poor. The same authors reported that past interventions in 

irrigated agriculture have yielded immense benefits, for instance, cereal production in Asia 

has more than doubled between 1970 and 1995, from 300 million tons to 650 million tones 

Hussein and Hanjira, 2004:2). Access to reliable water can enable farmers to adopt new 

technologies and intensify cultivation, leading to increased productivity, overall higher 

production, and greater returns from farming. This, in turn, opens up new employment 

opportunities, both on farm and off- farm, and can improve incomes, livelihoods, and the 

quality of life in the rural settings. Hussein and Hanjira, (2004:4) identified five key 

interrelated linkages of how access to good irrigation water contributes to socioeconomic 

uplifts of rural communities and alleviates poverty. These are production, income and 

consumption, employment, food security, and other social impacts contributing to overall 

improved social welfare. They added that access to good irrigation allows poor people to not 

only increase their production and incomes, but also enhances their opportunities to diversify 

their income base and to reduce their vulnerability to the seasonality of agricultural 

production and external shocks.

The strong complementarities between returns to irrigation and household education, 

specifically adult primary education, have been uncovered by Vande walle (2000) in the case 

of rural Vietnam. The study hints at the pro-poor character of irrigation investments, given 

the right economic environment. An increased investment in adult education would generate 
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gains accruing primarily to the poor and would have a strong equalizing effect on returns to 

irrigation investments, that is, returns to irrigation would be higher for poorer than non-poor, 

given the right level of adult education. Therefore, a properly targeted adult education 

program would have a substantial equalizing effect through its impacts to returns on 

irrigation investment. Conversely, in the presence of inequalities in educational endowments, 

returns to irrigation for the poor are likely to remain lower: knowledge poor will remain 

income poor. According Ragapopal, (1991), a socioeconomic factor like social group, 

associations, control over land, oxen power ownership, educational level, family labor, on 

farm and off-farm income etc, affect the ability of various groups to command the resources 

needed for irrigated farming and perhaps even their ability to get water. It has also a bearing 

on the willingness of users to take part in collective action on water management (Pender and 

Berhanu, 2005).

2.4. Irrigation-Food security linkages in Ethiopia 
According (Seleshi et al, 2005), agricultural production in Ethiopia has affected by increasing 

population, deforestation and land distribution. This reflected in a decrease in household 

production, grazing land. Hence, it has become a common phenomenon to ask for emergency 

food assistance for acutely food insecure people in Ethiopia. 

According WFP (2010), in Ethiopia, due to the situations of people who do not have the 

capacity to produce or buy enough to meet their annual food needs even under normal 

weather and market conditions a total of 5.23 million people would need emergency food 

assistance from January to June 2010. The Productive Safety Net Program (PSNP) reach to 

support over 7.23 million people in 300  Woredas  for  seven  regions  (Tigray,  Amhara,  

Oromiya,  SNNPR,  Afar,  Harar  and Dire Dawa) who are facing chronic food insecurity 

situation starting 2006. Hence, the expansion of small-scale irrigation schemes was taken as 

the main development strategy in order to reduce crop  failure  due  to  drought  and  erratic  

rainfall  conditions  in Ethiopia by preparing a National Medium-Term  Investment Program 

(NMTIP) for  Water  Sector  Development  Program  (WSDP)  for  15  years  (2002-2016)..
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 In Tigray region, farmers produce insufficient amounts because of inconsistent rainfall, and 

as a result the government of the region has given great attention to small-scale irrigation as a 

means to ensure food security and poverty reduction Awulachew (2007). The adoption of 

new technology (e.g. Irrigation) is  the  major  powerful  for  agricultural  growth  and  

poverty  reduction  (Norton  et  al.  2010). This indicates that investment in irrigation can 

increase farmers’ independence on rainfall, it increases irrigated farmland, it generates 

employment, it promotes farmers to produce two or three times in a year and use more of 

chemical inputs. Small scale irrigation in developing countries was considered as a means of 

increasing production, reducing the dependence on rainfall and provides jobs to the poor 

(Chazovachii, 2012). Small scale  irrigation increases  land productivity,  crop  yields,  

adoption  of  mineral  fertilizers and enables  to diversify  into non-conventional and market-

oriented products  (Eshetu, 2010). It improves farm households’ diet, incomes, health and 

food security (Torell and Ward, 2010). Hence irrigated agriculture is accepted as essential in 

increasing land productivity, enhancing food security, earning higher and more stable 

incomes and increasing for multiple cropping and crop diversification (Smith, 2004).

Some literature argues that irrigation agriculture causes water logging that create favorable 

condition for the multiplication of disease causing agents such as malaria, Schistosomiasis 

and the like. The other environmental problems with irrigation are land degradation and 

salinity. On the other hand, there is much literatures that shows irrigation is a major driving 

factor of the increase in rural household income through agricultural growth. These studies 

strongly argue that irrigation expansion the main policy intervention to alleviate rural 

poverty. According to Lipton et al. (2004) as cited by Haile (2008) the four main interrelated 

mechanisms to reduce poverty are: 

1. Irrigation increase agricultural production and income, for households with access. These 

outcomes are observed despite the price decrease that can occur as supply increases (other 

factors held constant). The rice decrease can allow poorer households to more easily meet 

their basic needs. Household level economic welfare is improved for the poor. 

2. Irrigation protects from the risk of crop loss due to erratic, unreliable or insufficient 

rainwater supplies. 
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3. Irrigation enhances the use yield-enhancing farm inputs. The uses of such farm inputs 

improve the agricultural production and income. 

4. Irrigation creates additional employment. Household and/or laborers are engaged in the 

irrigation farming that helps to increase the labor productivity during the dry periods, farm 

off-season. 

Water is a valuable input for agriculture. Irrigation water appears to provide many pathways 

for poverty alleviation. The access to consistent irrigation water can enable farmers to adopt 

irrigation technologies. Irrigation facilitates the intensity of cultivation that leads to an 

increase in agricultural productivity and greater returns from farming. The expansion of 

irrigation opens up new employment opportunities in the household that increase the 

efficiency of labor and land. This improves farm income, livelihood, and the quality of life in 

rural areas (Hussain and Hanjra 2004).

2.5. Challenges and Constraints of Irrigation Development

Irrigation is a very ancient agricultural practice which was extensively used by a number of 

early civilizations such as the ancient Egyptians and Ethiopians Grove (1989) as cited by 

Chazovachii (2012). Evidence also shows irrigation has been practiced in Egypt, China, India 

and other parts of Asia for a long period of time. Irrigation is the foundation of civilization in 

many regions. For instance, Egyptians have depended on Nile‟s flooding for irrigation 

continuously for a long period of time on a large scale (Zewdie et al. 2007).

Irrigated agriculture is not an entirely new phenomenon in Ethiopia. As some literatures 

indicated, Small-scale  traditional  irrigation  has  been  practiced  for decades  throughout  

the  highlands where small  farmers  could  be  diverted  seasonally  for limited  dry  season  

cropping  (FAO  1994). According  MoWE (2012) modern irrigation has documented in the 

1960s, where the government designed large irrigation projects  in  the  Awash  Valley  to  

produce  food  crops  for  domestic consumption  and  industrial crops  for  exports and it was 

strongly believed that rain fed agriculture  should  be  supplemented  by  irrigation  in order  

to  achieve  national  food  self-sufficiency and ensure household food security. The total 
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irrigation potential in Ethiopia is 3798782 hectares, but currently irrigation schemes are 

covering only 368160 hectares, 10% of the potential MoFED (2012). According (MoWE, 

2012), Tigray region has 300,000 hectares irrigation potential which is 4% of its surface area 

(83000km). The region has been used only 2% of its irrigation potential. Accordingly, it has 

vast unused potential of irrigation resources. The  reasons  for  the  poor development  of  

irrigation  in  the  region  (country)  are  fragmented  and  small  farm land,  political 

instability, lack of technologies, government -owned land policy, lack of financial resources, 

and weak institutional set up in the region (country) (Awulachew et al. 2007).

2.6. Empirical studies of Irrigation in Ethiopia 

Different studies were conducted to identify determinants of irrigation participation and food 

security in different countries including Ethiopia. For example, a study conducted by Dillon 

(2011) found that household head education  level,  gender  of  the  head,  age  of  household  

head, landholding, livestock  units, access  to  credit  from  financial  institutions farmland  

size, distance  to  the  roads,  distance  to  markets,  distance to rivers, household  sizes,  

access  to  market  information, type of  peasant  associations, and training  are  important 

factors influenced to  participate  in irrigation farming. Similar studies found that rural 

associations, information access are vital instruments to bring attitudinal change and motivate 

respondents to adopt new technologies through informal education, panel discussion, public 

meetings and other demonstrations (Nugusse 2013). Farmers who are members of the formal 

and informal institutions (water user association, peasant associations and local leadership), 

education Asayehegn et al. (2011).  The investment cost is the most determining factor for 

irrigated farming decision Mati (2008).

According Epherm (2008) household  food security in the north eastern part of Ethiopia were 

strongly associated with various socioeconomic and bio-physical factors that influence the 

food security status of  households were age of household head, dependency  ratio,  size  of  

cultivated  land,  total  number  of  livestock  owned  manure application, land quality and 

farmer’s knowledge on the effect of land degradation on food security. A similar study by 

Shiferaw et al (2004) found that the analysis of household food security determinants in 
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Southern Ethiopia that adoption of improved technology; having a larger farm size and 

having better land quality were found an important role in ensuring household food security 

in the study area.

Tadesse et al, (2004) also conducts a study on the economic importance of irrigation in 

Donny and Bato Degaga small holder’s irrigation schemes in the Awash Valley of Oromiya 

Regional state with the objective of investigating the impact of these irrigation schemes on 

food security and drawing lessons that can be learned from the success and failure of 

irrigation. As the result of the study indicated, the main cash crops produced were onion, 

tomato and pepper. The production of irrigation agriculture highly increased irrigation users 

access to basic needs in those irrigation schemes. The finding indicated that the challenges of 

small-scale irrigation are; low fertilizer application, poor on-farm management, inequitable 

distribution of labor for the maintenance of irrigation canals, irrigation water loss, tendency 

of considering irrigation infrastructure as government’s property and market problems. The 

findings, further, indicate that irrigation can become a source of employment and income 

generation for the local people. More to the point, Gebrmedhin and Pender (2002) in their 

study of policies and institutions enhance the impact of irrigation development in the mixed 

crop, livestock system in Ethiopia, disclosed that most problems of small- scale irrigated 

agriculture that hamper the further development of this sub sector arise from its Operational 

method and not from its construction and design. They pointed out that in Ethiopia; irrigation 

development planning gave emphasis to the agronomic, engineering and technical aspects of 

irrigation schemes, with little consideration to issues of management, beneficiary 

participation, availability of institutional support services such as credit, extension input 

supply and marketing.  Wagnew (2004) conducted a case study using a formal survey on 

socioeconomic and environmental impact assessment of four community based small-scale 

irrigation in the Upper Awash Basin of Ethiopia, concluded that rural credit system, 

institutional support, monitoring of irrigation schemes, training in water management, 

marketing and general crop production, empowerment of local communities, economic 

evaluation of optimal plot size, cropping patterns for agronomic practices and resources 

utilized in the irrigation schemes were necessary conditions for viable and sustainable 

irrigation schemes. 
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According to Girmay et al (2000) in their study on management and institutional 

considerations of small-scale irrigation in Tigray, the absence of well-understanding of 

economics of small-scale irrigation, difficulty in the provision of inputs services and 

technical advice, lack of efficient utilization of water resources, lack of viable product 

markets and marketing institutions were some of the reasons for low level of efficiency and 

lack of sustainability in small- scale irrigation schemes. Azemer (2006) also studied food 

security and economic impact of irrigated agriculture in the Teletle irrigation scheme of 

North Shoa Zone. The main objective of the study was to investigate the impact of small- 

scale irrigation on food security and economic status of the household. The finding of his 

study demonstrated the better performance of irrigated agriculture in crop production and 

productivity than rain fed agriculture. Use of irrigation also demonstrated a change in the 

livestock holding capacity of irrigators than pre- irrigation and it also signified that higher 

food availability, accessibility and better income in irrigators than no irrigation beneficiary 

households.



34

Chapter Three: Research Methodology

  3.1 Description of the study area 

This study was conducted in the Eastern Zone of Tigray, taking two weredas S. T. Emba 

and Kilte Awlaelo, and it's located to the north of Mekelle city, the capital of Tigray 

region. And it bordered on the South by South East zone of Tigray, on the southwest by 

the central zone Tigray, on the north by Eritrea, and on the east Afar region. The 

administrative center of this Zone is Adigrat town. 

This Zone contains a total population of 830,503 and this is growing by 3.21% every 

year, of whom 422311 are females and the rest are men. The total households of the zone 

are 167165. The two largest ethnic groups in this zone are the Tigrayan (95.12%), and the 

Saho/Erob/ 3.82% and other ethnic groups made up 1% of the population (Eastern Zone 

of Tigray Finance and planning, 2013 report). 

3.1.2 Selection of the study area
The study was conducted in two weredas  of the Eastern zone of Tigray taking two 

kebelle form each woreda, Adekesandid, and Abrha Atsbaha form Kilte Awlaelo and Saz 

and Hangoda from S. T. Emba. These Tabias have relatively better water potential, 

farmers in the areas have a long history of traditional practices, the Tabias have better 

irrigation activities that give an opportunity to develop  micro  irrigation schemes and the 

weredas accessible in terms of roads, market, etc. Therefore, because of the above 

reasons, the researcher chose the woredas as well as the Tabias to study the impact of 

micro irrigation on household income.

3.1.3 Agro-ecological Condition

The study area has two agro-climatic zones such as Highland (dega), and Mid Highland 

(woina dega) dominated by Mid Highland (woina dega), at an altitude ranging from 1856 

to 3200 m.a.s.l and covers a total area around 623123.68 ha/6231.24Km2.  This zone has 

seven rural and two urban wereda administrations. The annual average temperature 

http://en.wikipedia.org/wiki/Amhara_Region
http://en.wikipedia.org/wiki/Debub_Misraqawi_Zone
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ranges 15 to 18 c0, while the maximum temperature is from 23-280C and minimum is 7-

140C. Annual rainfall ranges from 350 mm to 650 mm, although variability of rainfall 

from year to year is very considerable, the raining season is mainly between June and 

September. The distribution of the rainfall is erratic, untimely and irregular in nature 

(Eastern Tigray bureau of agriculture and rural Development, 2013).

3.1.4 Types of micro irrigation in the study area 
The micro irrigation found in the study were broadly can classify into two; gravitational 

and pressurized types. When we say gravitational this includes river diversion and dames. 

And when we say pressurized type of micro irrigation is to mean that when the command 

area is above the irrigation water. In this case the farmers use pressure like motor pump, 

treadle pump, shadoff and/or manually using water cane. The water sources /micro 

irrigation/ used in this study area were: dame /Laelay Wukro dame/ and motor pump for 

hand dug wells and river flow. The source of water used for irrigation in the two weredas 

were summarize as; from the total sample 388 households, the irrigation users from 

S.T.Emba, uses 58(15 percent) shallow-well, 34(9percent)  rivers flow and the rest 102 

(26%) were control group which uses rain fed. And when we see farmers from kilte 

Awlaelo also sues dame 16(4.1%), shallow-wells 30(7.7%), river flow 41(10.6%) and the 

rest 107(28%) were control group uses rain fed (see table 1.

Table 1: Summary of sample households with source of irrigation water

Wereda Source of micro irrigation Control
Treated

Dame Shallow-wel River flow Total Rain fed
Saesie Tsaeda 
Emba

0 (%) 58 (15%) 34 (9%) 92(23.% ) 102 
(26.3%)

Kilite Awlaelo 16 (4%) 30 (7%) 41 (10%) 87(22%) 107 
(27.6%)

Total sample 16 (4%) 88 (22%) 75 (19%) 179 (45%) 209 (53%)
Source: own survey, 2014
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Figure 1: Map of study area
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3.2 Sampling techniques 

The data used in this study comes from a household survey carried out in Kilite Awlaelo and 

Saesie Tsaeda Emba woredas of Eastern Zone of Tigray region taking two kebeles from each 

woreda. Primary data were collected from 388 randomly selected farm households, of which 

193 households were from Kilite Awlaelo and the rest 195 from Saesie Tsaeda Emba. The 

research used a multistage stratified random sampling method. 

In the first stage; I used information from the zonal administration to identify weredas 

(district) with a high concentration of micro irrigation, such as Dams, River and shallow 

wells where I found that Kilite Awlaelo and Saesie Tsaeda Emba woredas. In the second 

stage, I used information from weredas office of agriculture to select kebeles (communities) 

that have high adoption rates of these technologies where I found that Adikesindad and 

Abraha-Atsebeha from Kilite Awlaelo and Saz and Hangoda from Saesie Tsaeda Emba 

which have high adoption rates of micro irrigation pressurized irrigation system and 

gravitational irrigation system, respectively. In the third stage, I used the list of farm 

households in selected communities and disaggregated them into adopters and non-adopters. 

Out of the total households of the four kebelles (4137), every 10th from the list of the adopter 

(n+10) and (n+10) non adopters was considered for the study. Finally, 179/24 female/ 

adopters and 209/87 female/ non adopters were randomly selected. Out of the total household 

1851 are adopters whereas 2380 are non-adopters in addition the sample including both 

female and male households in each of the adopters and non-adopters of the technology, so 

that the research result shows the differences in adoption and impact of micro irrigation on 

the household’s income. 

A semi structured questionnaire was used to capture both qualitative and quantitative 

information. Moreover, focus group discussion and field observation was also undertaken to 

strengthen the sample result. 
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3.3 Data type and data sources 

The study considers both primary and secondary sources of data. The primary source of data 

was collected from field observation and interviewing participants and non-participants of 

micro irrigation on data related to the technologies. Secondary data was collected from 

bureau of agriculture, wereda office of agriculture, tabia administration offices and related 

documents. . 

3.4 Data Analysis 

3.4.1 Descriptive Statistics

To describe the general characteristics of sample respondents' descriptive statistics was used. 

To explore demographic profiles of each sample type, frequency, summary statistics (mean, 

standard deviation, percentage, tabulation and others), and cross tabulation were used to 

describe the adoption and impact of micro irrigation. Summary and tabulation of collecting 

data were used to examine the adoption and impact of the proposed technologies of the 

household.  In comparing the two Woreda in adoption and impact with the two categories 

(adopters, non-adopters), a simple one way, analysis of variance (ANoVA) was used. Chi-

square test for comparing differences in the distribution of categorical data, frequencies and 

descriptive statistics (dispersion) like mean standard deviation, and variance was also used. 

Furthermore, percentages and tables was used to present the results.

3.4.2 Empirical models

3.4.2.1 Definition of Variables and Hypotheses 

Adoption of micro irrigation technology in the study area and the impact of the technology 

on adopters are the dependent variables.

The following explanatory variables were hypothesized to influence adoption and impact of 

micro irrigation in the study area.
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1. Household sex (Sexhh): This is a dummy variable, which takes 1 if sex of respondent is 

male, 0 otherwise. Since the participation of women both on farm and off farm activities are 

by far limited due to cultural impediments than male, female headed households are expected 

to be less participated in micro irrigation than male headed households.

2. Farmer’s age (Agehh): It is measured in a number of years. Age of a farmer can generate or 

erode confidence on technologies. In other words, with age a farmer can become more risk 

averse to new technologies. However, there are mixed results as to the direction of influence. 

It was hypothesized that younger farmers have more probability of adopting micro irrigation 

technologies.

3. Adult Labor availability: labor was measured in terms of Man Equivalent. Availability of 

labor is likely to influence the gross margin of the innovation. A farm with larger number of 

workers per hectare (unit) is more likely to be in a position to try and continue using a 

potentially profitable innovation and it is expected to influence adoption positively.

4. Water source for irrigation: This could be Surface water or/and ground water availability. 

It is dummy 1 if available, 0 otherwise and it was hypothesized that male farmers with 

surface water have more probability of adopting micro irrigation technologies.

5. Education: Level of education was assumed to increase farmers’ ability to obtain, process, 

and use information relevant to the adoption of micro irrigation use. Education is therefore 

expected to increase the probability of adopting the technology. It is measured as a binary 

variable: 1, if the farmer is illiterate and 0 literate, otherwise.

6. Contacts with extension agents: contact with DA’s are more likely to be aware of new 

practices as they are easily exposed to information (Freeman et al, 1996; Chilotet al, 1996; 

van Den Ban and Hawkins, 1996; Asfewet al, 1997; Habtemariam, 2004).the variable was 

dummy, which takes a value of 1 if the household received extension service and zero, 

otherwise. The variable represents extension service as an important source of information, 

knowledge and advice to small holder farmers in Ethiopia. Empirical results revealed that 

extension contact has an influence on farm households’ adoption of new technology (Nkonya 
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et al., 1997). Following this argument, extension contact was hypothesized, in this study, to 

influence the farmers’ decision to adopt micro irrigation positively.

7. Frequency of contact with extension agents (s): This refers to the number of contacts per 

year that the respondent made with extension agents. The effort to disseminate new 

agricultural technologies is within the field of communication between the change agent 

(extension agent) and the farmers at the grassroots level. Here, the frequency of contact 

between the extension agent and the farmers is hypothesized to be the potential force which 

accelerates the effective dissemination of adequate agricultural information to the farmers, 

thereby enhancing farmers' decision to adopt new micro irrigation technologies. Hence, it 

was hypothesized to affect the adoption of micro irrigation technologies positively.

8. Attending in training: Training is one of the means by which farmers acquire new 

knowledge and skill and it is measured in terms of the number of times the farmer has 

participated in training in the last three years. Hence, participation in training is expected to 

positively influence farmers’ adoption behavior.

9. Access to Credit: It is measured in terms of whether respondents have access to credit 

interims of availability of credit sources and possibility of getting credit. Farmers who have 

access to credit may overcome their financial constraints and therefore buy inputs. Farmers 

without cash and no access to credit will find it very difficult to attain and adopt new 

technologies (Legesse, 1992; Teressa, 1997; Wolday, 1999; Mulugeta, 2000). It is expected 

that access to credit will increase the probability of adopting micro irrigation technologies.

10. Distance from market center: it is measured in Kilometers. Distance to the nearest market 

and the frequency of contact that the farmer maintains with it is likely to influence the 

adoption of the innovation. The closer they are to the nearest market, the more likely it is that 

the farmer will receive valuable information (Abadi, 1999; Roy et. al, 1999). Consequently, 

distance was expected to influence adoption negatively.

11. Participation in off-farm activities: Additional income earned from agricultural activities 

outside the farm increases the farmers’ financial capacity and increases the probability of 

investing in new technologies (Chilotet al, 1996; Freeman et al, 1996; Van Den Ban and 
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Hawkins, 1996; Asfewet al, 1997; Habtemariam, 2004). It is, therefore, expected to affect the 

adoption positively. It is treated as a dummy variable taking 1 if a household head 

participated in off-farm income generating activities; 0, otherwise.

12. Farm size: farm size is an indicator of wealth and social status and influence within the 

community. Farmers with larger land size can afford the expenses on new agricultural 

technologies and also can bear the risk in case of failure of crops. This means that farmers 

who have relatively large size will be more initiated to adopt micro irrigation technologies. 

And the reverse is true for small size farmers.

13. Number of Livestock: Livestock is the farmers' important source of income, food and draft 

power for crop cultivation in Ethiopian agriculture. Hence, a household with large livestock 

holding can have good access for more draft to take its product market. Like many other 

similar studies, it was measured in terms of Tropical Livestock Units (TLU). Livestock 

ownership is hypothesized to be positively related to the adoption of agricultural technologies 

because it serves as a proxy for wealth status (Freeman et al, 1996; Chilotet al, 1996; van 

Den Ban and Hawkins, 1996; Asfewet al, 1997; Habtemariam, 2004).

14. Social participation: membership and leadership in community organization assume that 

farmers who have some position in rural kebeles and different cooperatives are more likely to 

be aware of new practices as they are easily exposed to information (Freeman et al, 1996; 

Chilotet al, 1996; van Den Ban and Hawkins, 1996; Asfewet al, 1997; Habtemariam, 2004). 

It is, therefore, hypothesized that those farmers who participated in some social organization 

as a member or leader are more likely to adopt the technology. The variable was measured by 

allocating a score of 1 if a farmer did not participate, 0 if a farmer is member /committee/ of 

at least in one social organization, 3 was given if a farmer is the leader of at least in one 

social organization. 

15. Information access: it was measured in terms of frequency of contact with different media 

(TV, radio, print). Mass media play the greatest role in creating awareness in the shortest 

time possible over a large area of coverage. As far as awareness is prerequisite for behavioral 

change its role cannot be underestimated. It is expected to have a positive influence on micro 
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irrigation adoption. Radio was the only mass media used by respondents in the study area and 

hence the frequency of contact with radio was taken as the only variable to show mass media 

exposure of farmers in the study area.
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Table 2:Variables included in the regression equation and their expected signs

Variable codes              Variable description Hypothesized 
sign   

Sexhh Household head's sex (1=male, 0=female)            (-)
Agehh Household head's age (years), continues            (+)
Adult Labor Household size (number of members in adult equivalent)            (+)

Water source for 
irrigation

Household availability of irrigation water (1=available and 0, 
not

            (+)

Education Household head's education level (1= illiterate and 0=literate)            (+)
Contact to Das Continuous (1=yes, 0= no)            (+)
Frequency DA Contacts per year            (+)
Attending training Training takes in 2013/14 (1=yes, 0= no)            (+)
Accredit Credit access (1=yes, 0= no)            (+)
Distance from  
market

 Distance to market for buying inputs (kilometers) conditions            (-)

off-farm 
participation

Participate or not (1=yes, 0= no)          (+)

Tlu Livestock holding (tlu)            (+)
Farm size Area of of cultivated land (tsimad)            (+)
Social participation Participating in different social things like ider, cooperative etc.            (+)
+, Positive effect; -, negative effect. 

3.4.2.2 Analytical method of Determinants of adoption 

Amongst the different econometric model estimation techniques used in identify factors that 

determine the level of adopting micro irrigation; logit model is the most commonly preferred 

one. As outlined in Gujarati (1995), logit or probit models are widely applied to analysis of 

determinant studies for a limited dependent variable. Despite this, Green (2003) argues that 

although both model results with similar outputs, the logit model is easier in estimation.

Hence the binary logit model was employed in this study. To analyze the factors that 

determine the levels of adoption micro irrigation at household, households were classified 

into two categories as adopters and non-adopters.

The binomial logit model is used to estimate the probability of micro irrigation technology 

adoption that is,  where the model is transformed into the odds ratio specified as 

follows (Long, 1997): 
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The odds indicate to what extent farmers have adopted the micro irrigation technology 

relative to those who didn’t adopt

The log of the odds specified in equation (2) suggests that it is linear in the logit. 

)

  Which is equivalent to the logit model derived as? 

Where P denotes the probability that the ith farmer has adopted one or more type of the micro 

irrigation technologies, xi captures household and farm level characteristics that affect 

household’s adoption of micro irrigation technology, while βi s are parameters to be 

estimated. A binomial logit model is useful for investigating the influences of household and 

farm level attributes on household’s technology adoption relating the probability of micro 

irrigation technology adoption to the underlying characteristics.

The dependent variable yi is the logarithm of the odds in favor of micro irrigation adoption, 

and the parameters are interpreted as derivatives of this logarithm with respect to the 

independent variables. The estimated coefficients can be used to predict the adoption 

probability of micro irrigation. In the logit model, like in any nonlinear regression model, the 

parameters are not necessarily the marginal effects (Greene, 2000; Kennedy, 2001), but 

represent changes in the natural log of the odds ratio for a unit change in the explanatory 

variables.  The logit model specified above estimates the probability of adoption of micro 

irrigation technology. 

3.4.2.3 Analytical Method of Impact Evaluation

Impact evaluation is used to determine whether the technology had the desired effects on 

household food security. And these effects attributable to the program intervention (Baker, 

2000). Different methodologies have been proposed by different authors to undertake an 

impact evaluation (PLANET Finance, 2008; Baker, 2000; Ledgerwood, 1999). Ledgerwood 

(1999) further subdivided the quantitative approaches into randomized, Quasi-experimental 

and non-experimental methods.
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The Randomized Approach

Experimental methods involve a natural or desired experiment in which some randomly 

chosen group is given the treatment. Random assignment of treatment viewed as the most 

robust evaluation approach that operates by creating a control group of individuals who are 

randomly denied access to a program (Bryson et al., 2002). This means random/experimental 

methods overcome the selection problem by creating a control group comprising individuals 

with identical distribution of observable and unobservable characteristics to those in the 

treatment group. However, its high cost and requiring close monitoring, contamination of 

results, difficult to ensure that assignment is random and ethical question (denying treatment 

to non participants) reduce the selection of experimental methods being considered as a 

means of evaluating a program (Bryson et al., 2002; Baker, 2000). 

Quasi-Experimental /Non-Experimental Approach

Based on the characteristics of the program and the nature and quality of available data, 

many program evaluations are carried out using non experimental approaches. Quasi-

experiment methods imitate the analysis of controlled experiment, with treatment and control 

groups created from different groups. Quasi experimental designs are evaluation in which 

participants are compared to observably similar but not randomly identified groups. Quasi 

experimental designs have both advantage and disadvantages. Its benefits include; drawn 

from existing data, quicker and cheaper to implement, and performed after the program has 

been implemented (Baker, 2000). Whereas its core disadvantages are less reliability of the 

result (the methodology is less robust statistically), statistically complex, and bias related to 

selection problem. 

Non-experimental methods

Use non-experimental (non-random) survey data to look at the differences in behaviors 

between different people and relate the degree of exposure to the treatment to variations in 

outcomes. The absence of a control group separates such methods from quasi-experimental 

methods.
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If treatment is randomly assigned, the outcome of untreated individuals can be a good 

estimate of the counterfactual. However, if households that are treated have characteristics 

that differ from the ones that are not treated, comparison of the outcome between the two 

groups will yield biased estimates (Anderson et al, 2009). According to Backer, (2000), bias 

arises due to two distinct sources. First, it arises due to difference in observable: - i.e., there 

may not be common support and second it arises due to unequal distribution of observable 

characteristics within the region of the common support, which is technically referred as 

selection bias. 

Addressing this potential problem of bias in general and problem of selection bias in 

particular is a prerequisite to obtain an unbiased estimation of the impact of program 

participation. Due to this fact, it is better to apply selection bias, controlling mechanisms to 

study the impact of micro irrigation on households using this technology. There are a number 

of the controlling mechanisms of selection bias like randomization, propensity score 

matching, instrumental variable estimation, difference in difference, regression discontinuity.

According to Heinrich et al., (2010), the greatest challenge of evaluating any intervention or 

program is obtaining a credible estimate of the counterfactual: what would have happened to 

participating units if they had not participated? Therefore, identification of the counter 

factual is the pillar of a valid impact evaluation

In order to assure validity of the counterfactual, the study uses propensity score matching 

(PSM) which helps to randomize the assignment of households to the treatment group. The 

assumption that micro irrigation adoption is a function of a wide range of observable 

characteristics at household level, allow us to follow the PSM procedure.

If comparison groups are statistically identical except the fact that one of them received the 

treatment (using of micro irrigation), then the impact of micro irrigation users can be 

estimated as the mean difference in mean outcomes of between groups. 

Estimation of the average treatment effects on the treated (ATT) using matching methods 

relies on two key assumptions. The first is the Conditional Independence Assumption (CIA), 

which implies that selection into the treatment is solely based on observable characteristics 
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such as asset holding, education level, (selection on observables). Matching on every 

covariate is difficult to implement when the set of covariates is large. 

To solve this dimensionality problem the propensity score is estimate – the conditional 

probability [P( ) = P(  = 1│ )] that the ith individual is subjected to the treatment 

conditional on observed characteristics (  ); where  = 1 is when the ith individual is 

subjected to the treatment, and  = 0 otherwise. The second assumption is the common 

support or overlap condition. The common support is the region where the balancing score 

has positive density for both treatment and comparison units.  The matching process is 

performed in two steps. First, a logit model to estimate the propensity score is used: - and in 

the second step, the ATT, conditional on the propensity score is estimated (Rosenbaum and 

Rubin, 1983).

 =E ( =1/  + 

Where   is intercept (constant term)

dummy variable for  adoption of micro irrigation

is vector of coefficients of the explanatory variables on probability of participation t the 

treatment group 

  Represents a vector of explanatory variables such as household characteristics, farm 

characteristics and institutional factors etc.                

In PSM method the propensity score of each observation; which is probit or logit estimation 

of the probability of participation by a study unit in the treatment group is calculated based 

on different characteristics (household, land, and institutional etc.). Preference for logit or 

probit models (compared to linear probability models) derives from the well-known 

shortcomings of the linear probability model, especially the unlikeliest of the functional form 

when the response variable is highly skewed and predictions that are outside the [0, 1] 

bounds of probabilities (Smith, 1997). 

In the binary treatment case, where we estimate the probability of participation versus non-

participation, logit and probit models usually yield similar results.  The logit model based on 
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cumulative logistic probability function is used in this study. Ignoring the minor differences 

between logit and probit models, Liao (1994) and Gujarati (1995) indicated that the probit 

and logit models are quite similar, so they usually generate predicted probabilities that are 

almost identical. The choice between logit and probit models is largely a matter of 

convenience (Green, 1991; Gujarati, 1995). But the logit model is computationally easier to 

use and leads itself to a meaningful interpretation than the other types (Pindyck and 

Rubinfeld, 1981; Green, 1991; Gujarati, 1995). 

The propensity score can be modeled using an appropriate logit model. And it follows from 

Bierens (2008) that:

Pr[ = 1│ ]    =         , and …………………………………………. (1)

Pr[ = 0│ ] =     1– Pr[ = 1│ ]

=     ………………………………. ………………….. (2)

Or  

Pr[ = 1│ ]    =    F (  + ), where F ( ) = …………….……….(3)

Where   Represents the dummy variable (in this case participation in micro irrigation 

adoption) 

 Represents the set of explanatory variables

 And  are parameters to be estimated

Denoting participation in micro irrigation adoption by , (where  = 1 indicates treated, and 

 = 0 indicates non treated), Average Treated on the Treated (ATT) for the population can 

be computed as:

ATT = E (  –  │ = 1) .............................................................................................( 4)  
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This is the same as;

ATT = [E(  │ = 1) – E(  │ = 1)] ..........................................................................( 5)

The sample equivalence is given by:

ATT = ................................................................................( 6)

This is the same as;

ATT = =1)] ...............................................................( 7)

   Where;

) indicates the amount of income from micro irrigation intervention.

=1) indicates what would have been the amount of income without participation in 

micro irrigation.

For the consistency and robustness of the results, the study has applied four methods of 

matching. These are Nearest Neighbor matching, Radius Matching, Kernel Matching, and the 

Stratification or Interval Matching.

Nearest Neighbor (NN)

A case in the control group is matched to a treated case based on the closest propensity score. 

Each person in the treatment group choose individual(s) with the closest propensity score to 

them Caliper & Radius Matching Uses a tolerance level on the maximum propensity score 

distance (caliper) to avoid the risk of bad matches; match with the NN within the caliper. The 

radius matching is to use not only use the closest NN within each caliper, but all the 

individuals in the control group within the caliper.

Kernel Matching

Uses weighted averages of all cases in the control group to estimate counterfactual outcomes. 

The weight is calculated by the propensity score distance between a treatment case and all 
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control cases. The closest control cases are given the greatest weight. Each person in the 

treatment group is matched to a weighted sum of individuals who have similar propensity 

scores with greatest weight being given to people with closer scores.

Stratification & Interval Matching

Use a set of interval (or strata) to divide the common support of the propensity score, then 

match treatment and control cases within each interval/strata.  The average treatment effect is 

then the mean of the interval- specific treatment effect, weighted by the number of cases in 

the treatment interval/strata.
Table 3:The impact of micro irrigation adoption on household’s income

Variable type Type of 
variable 

Unit of 
measurement 

Expected 
direction 
of effect 
on  
impact

Availability of micro irrigation Binary 1 if Available, 0, 
otherwise 

+

Household sex Binary 1 if Female, 0, for male -
Household age Continuous Years +
Adult labour Continuous Number +
Education Binary 1 if Illiterate, 0, 

otherwise 
+

Contact to DAs Binary 1 if Yes, 0, otherwise +
Attending in training Binary 1 if Yes, 0, otherwise +
Access to credit Binary 1 if , 0, otherwise +
Distance to market Continuous Kilometers +

Participation in off-farm activities Binary 1 if Yes, 0, otherwise +
Farm size Continuous Timad= 1/4 of hectar +
Tropical Livestock Unit 
(TLU) 

Continuous Number +

Information access Binary 1 if Yes, 0, otherwise +
+, Positive effect; -, negative effect. 
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Descriptive statistics

This section consists of two sub-sections. The first is one description of sample households’ 

characteristics. The second sub-section is estimation results which include propensity score 

matching, treatment effect and impact the intervention.

Table 4:Summary statistics for continuous variables of the household characteristics

Variable Treated =179 Control=209 Difference t-test
Mean Std.err Mean Std.err Mean Std.err

age 50.80
4

.879 45.67 .639 5.134 0.24 4.82***

familysize 5.76 .1828 4.32 .135 1.44 0.0478 3.926***

frequda 4.43 .091 2.971 .0917 1.459 -0.0007 11.198**
*

TLU 8.154 .0729 3.686 .2112 4.468 -0.1383 18.769**
*

mktdistance        7.458 .323 11.646 .345 -4.188 -0.022 8.764***

hhincome    21612.42 381.65 8270.63 235.01 13341.78 146.638 30.67***

laboravail 2.218 .056 2.048 .0464 0.17 0.0096 2.35**

Land holding size 4.112 .089 3.12 .0798 0.992 0.0092 8.34***

Land share in 0.36 0.124 0.21 .07541 0.15
0.04859

2.8*** 

Land share out 0.05 .0987 0.14 0.4878 -0.09 -0.3891 2.4** 

Land rent in 0.09 .1254 0.04 .06541 0.05 0.0599 0.8 

Land rent out 0.00 .000
1

0.001 .0021 -0.001 -0.002 - 

Source: computed from own survey, 2014

Note: **significant at 5%, ***significant at 1% probability of significance level

4.1.1 Age of household head 
As depicted in the above Table 4, the average age of the household heads in the study area 

was 48 years with a minimum of 30 and maximum of 76 years and when we compare the 

mean age of the treated household is higher than the mean age of the control group in 
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addition the mean age difference of the control and treated group shows statistically 

significant effect on practicing of micro irrigation. The age of the household head influences 

the household to benefit from the experience of an older person, which do not base its 

decisions on the risk-taking attitude of a younger farmer (Table 4). 

 4.1.2 Family size
Family size is useful for formulating various development plans and for monitoring and 

evaluating their implementation. In the study area, the average family size was 5.83 with a 

minimum 4 and maximum of 12 and when we see the family size of the treated as well as the 

control group is 5.76 and 4.32 respectively. Whereas the average family size of Ethiopia at 

the national level was 4.7 (CSA 2007), this shows us the study area is more populated. The t-

test shows that there is significant difference in family size between the micro irrigating users 

and non-user households at a 5% level of significance (Table 4).

4.1.3 Frequency of contact with extension agent(s): 

This refers to the number of contacts per year that the respondent made with extension 

agents. Frequently visit of agricultural extension agents increases awareness among farmers 

about new farm activities through demonstrations and discussions. Although extension 

agents working in the study area were more often engaged in administrative activities in 

addition to their real profession, the mean frequency of extension agent to micro irrigation 

users is 1.43 more than non-micro irrigation users in providing technical assistance, as the 

role of extension agents is providing improved varieties of seeds and practical training to 

innovative farmers.

4.1.4 Livestock ownership: 

In rural context, livestock holding is an important indicator of household's wealth position. 

Like many other similar studies, it was measured in terms of Tropical Livestock Units 

(TLU). The number of livestock owned by a farmer was hypothesized to be positively related 

to the adoption of micro irrigation technologies. Livestock is the farmers' important source of 

income, food and draught power for crop cultivation in Ethiopian agriculture.



53

Hence, a household with large livestock holding can have good access for more draught and 

it is one of the main cash sources to purchase inputs. The result of this study indicated in 

table 4.
Table 5:Livestock holding of sampled households in terms of TLU

Adoption    categories N Mean SD Min Max
treated 179 8.154 0.0729 6 10.9
Control 209 3.686 0.2112 0 10.9
Mean difference 4.468
Total 388 5.92 0.14205 0 10.9

Source: Own survey data, 2014,                             

The livestock holding of the sample population ranges from 0 to 10.9 TLU implying the 

existence of large variation among the households in livestock ownership. The average 

livestock holding of the sample population was 5.92 TLU with a standard deviation of 0.142 

TLU. In this study, the average TLU of the treated and control groups are statistically 

different in total livestock production and ownership that is 8.154, and 3.686 respectively 

with mean difference of 4.468. And this shows that non adopters of micro irrigation had less 

holding of livestock. This clearly shows the significant role of livestock holding in adoption 

of micro irrigation. 

 Limited availability of grazing land could have motivated to invest in micro irrigation in 

order to grow fodder and use crop residue as animal feed. Such a strategy reduces the 

pressure on little grazing land. Irrigated crop residues created a good opportunity for micro 

irrigation users to have large livestock.

Regarding relationship of livestock holding with adoption, many adoption studies so far 

conducted have also reported similar results. To mention some, for instance, Kidane (2001), 

Birhanu (2002); Techane (2002); Endrias (2003); Degnet et al. (2001), Yishak (2005), have 

found that livestock holding has a positive influence on the adoption of improved agricultural 

technologies.

4.1.5 Distance from market center: 

It is measured in kilometers. Distance to the nearest market and the frequency of contact that 

the farmer maintains with it has influenced the adoption of the innovation. With regard to the 
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market distance from the main market, a mean difference of distance among treated and 

control group has statistically significant at 1% probability level of significance and the 

average distance of the treated and control group from the main market source is 7.458km 

and 11.646km respectively which significantly affect access to micro irrigation. This shows 

the treated group has better access to market than the control group. Furthermore, the treated 

and control group income is statistically significant and economically, meaning full at 1% 

probability level of significance. This shows that the average income of the treated is 2.6 

times much higher than the control group. 

4.1.6 Family Labor 
In Ethiopia, particularly in the rural household family is the main source of labor for all 

income sources. Family size in adult equivalents indicates the sample households‟ average 

family labor force for agricultural production and other income-generating activities. The 

average family size in adult equivalents in the study area was 3.1 with a minimum 1.74 and 

maximum of 7.12. The t-test shows that the mean labor of micro irrigation users and non-

users is 2.218 and 2.048 respectively. This shows there is a significant difference between 

micro irrigation users and non-users, households at 5 % level of significant (Table 4). But the 

main difference of the two groups is somewhat close. Thus, households with irrigation have 

owned better labor input than non-irrigating households. 

4.1.7 Landholding size
Land is the major productive asset in agrarian countries like Ethiopia. Cultivated land 

appears to be the most important scarce factor of production. In the study area, own land, 

rented and shared lands was used for cultivation. By comparing the treated and control group 

in terms of their land holding size, the average landholding size of the sample households in 

the study area is 3.58 tsimad /0.83 ha, which is comparable to the national land holding of 

1.12 hectares. Thus, the overall land holding per household among the users and non-users of 

micro irrigation are 4.11 tsimad/1.01hac and 3.11tsimad/0.77hours, respectively which has a 

mean difference of 0.25 hectares (Table 4). Moreover, this is statistically significant at the 1 

% level of significance.
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 Sharing of farmland from any other households is commonly practiced in the study area. 

Share in of farmland is practiced by 70 % and 40 % of user and non-user households; 

respectively. Households participate in the micro irrigation share in more farmland compared 

with non-participant households, whereas sharing out of farmland was done by only 12 % 

and 21% (table 4.2 for users and non- user households, respectively. Non-user households 

share out more their own farmland compared with micro irrigation user households. Micro 

irrigation user household participation was higher for land share in but less for land share out. 

The converse is true for non-micro irrigation user households, which may be due to the fact 

that user households have better potential to cultivate additional land than non-micro 

irrigation user households. 

Rent in of farmland is practiced by 21% and 11 % of micro irrigation users and non-user 

households, respectively. The mean rented in farmland from any other household for both 

irrigating and non-irrigating households were 0.09 and 0.04 ha, respectively. Non-irrigating 

household (7%) participates in, rent out of their farmland whereas irrigating households did 

not rent out any farmland. Irrigating household participation was higher for land share in but 

less for land share out. 

Table 6:summary statistics on categorical household characteristics of access to irrigation
Variables Treated=179 Control=209 p-value

Percent Percent
0.000***

Sex Female 21.62 78.38
Male 55.96 44.04

Illiteracy
Illiterate 16.78 83.22

0.000***

Literate 46.13 53.87

Nonfarmpart
No 48.57 51.43

0.207
Yes 41.96 58.04

accesscredit
No 43.33 56.67 0.303

Yes 48.56 51.44

socialpart No 2.13 97.87 0.000***
Yes 54.07 45.93

usefertilizer
No 19.63 80.37

0.000***
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Yes 65.33 34.67

irrigationwater
No 1.29 98.71

0.000***
Yes 75.97 24.03

extensionservice
No 11.41 88.59

0.000***
yes 67.78 32.22

Source: computed from own survey, 2014                          Note: ***significant at 1% 
As the above Table 6, qualitative data of the household head characteristics indicate that 

there is statistically significant difference in sex of the treated and control group. Particularly 

the percentage of female headed household in the treated and control were 21.62 percent and 

78.38 percent respectively, but the male headed of the treated and control group were 55.96 

percent and 44.04 percent respectively. This show as that females have lower  participation in 

micro irrigation. Sex of the household have asignificant effect in income,that is, the mean 

income of females were EBR 9807.7117 and the mean income of males were EBR 

16276.282 with a mean difference of 6468.57 (see appendix,5).

The illiteracy level of the treated and control group were 16.78 and 83.22 percent,  

respectively. This indicates that, illitracey could bring a statistical difference in participating 

micro irrigation.

 In addition households social participation, availability of irrigation water and access to 

extension service has significant effect on adoption of micro irrigation as the same time these 

have a significant effect on income of the adopters and non adopters of this technology.  

Table 7. Income difference of treated and control group between the two weredas

Woreda Household structure Total sample
Controlled Treated

Mean Std.dev Freq. 
HH 
income

Mean Std.dev Freq. 
HH 
income

Mean Std.dev Freq. 
HH 
income

S.T.Emba 8463 3812 103 20506 4708 92 14145 7373.4 195
Kilte-
Awlaelo

8082 2945 106 22786 5274 87 14708 8424.6 193

Total 
sample

8270 3397 209 21612 5106 179 14425 7908.5 388

Source: computed from own survey, 2014

From table 7, above households form Saesie Tsaeda Emba woreda has an annual mean 

income of EBR 20506 for those households with micro irrigation and where us for those 
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without micro irrigation was EBR 8463. And the annual mean income of households from 

Kiltie Awlaelo woreda was EBR 22782 for treated and 8270 for control. From this we can 

compare the annual mean income of households with and without micro irrigation between 

the two woredas. Farmers who have not micro irrigation in S/T/E have higher annual mean 

income EBR 8463 than farmers from Kiltie -Awlaelo EBR 8270. The author found that why 

farmers from S/T/E have higher income in the control group is, farmers form S/T/E have a 

custom of participating in non-farm activities like trading and  working as daily laborers in 

nearby cities in addition they get gifts from relative who live abroad.   However, farmers 

from Kilte -Awlaelo who have micro irrigation have higher annual mean income EBR 22782 

than farmers from S/T/E EBR 20506, this is due to farmers from Klite - Awlaelo have larger 

irrigable land  and more access to market than farmers from S/T/E.

4.1.8. farmers perception on problems encountered in micro irrigation participation

 The importance of micro irrigation in the study area has increased. It has become a major 

means income to support themselves and their family as well. The survey result found that 

micro irrigation has a great potential to improve the incomes of poor households encountered 

with various problems. The major problems associated with micro irrigation, in the study 

area, were problems related to, lack of sufficient irrigation water, lack of effective 

management practices, lack of improved seed and presence of pests and diseases in general 

the farmers lack the awareness both in managemental and technical aspects. Out of the above 

mentioned problems above 90% of the respondents have stressed on the problem of lack of 

awareness, sufficient irrigation water and the presences of pest and disease are the major 

once. Beside to these all problems the importance of micro irrigation in the study weredas has 

significantly increased year after year. 

Table 8:Major constraints of micro irrigation
Major problems of micro irrigation Micro Irrigation users 

      Obs. Percent
Lack of sufficient irrigation water 162 90.5
Incidence of pests and diseases 152 85
Lack of improved seed 98 58
Lack awareness about irrigation management 168 94

       Source: Survey output 2014
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4.2 Econometric results and Discussion

4.2.1 Factors predicting household's participation in micro irrigation: logit 
model results

Before starting the analysis, multicollinearity test was done to determine the association 

among the independent variables. VIF shows how the variance of an estimator is inflated by 

the presence of multicollinearity (Gujarati, 2003). There are two types of measurement 

employed to test the existence of multicollinearity. These are: Variance Inflation Factor 

(VIF) VIF shows how the variance of an estimator is inflated by the presence of 

multicollinearity and contingency coefficients for dummy variables. This indicates that how 

multicollinearity inflated the variance of an estimator (Gujarati, 2003). A statistical package 

known as STATA was also employed in this study to compute the VIF values.  As a rule of 

thumb, if the VIF of a variable exceeds 10, there is multicollinearity. To avoid serious 

problems of multicollinearity, it is quite essential to omit the variable with value 10 and more 

from the model analysis. Therefore, the variance inflation factor (VIF) was employed to test 

the degree of multicollinearity among the continuous variables. As  shown  in  the  annexed  

(table4 and 5),  the  values  of  the  VIF  for the continuous  variables  were found to be small 

(i.e. VIF values less than 10), indicating the data have no serious problem of 

multicollinearity. Similarly, the contingency coefficient, which measures the association 

between various  categorical  variables  based  on  the  Chi  square,  was computed  in  order  

to  check  the degree  of  association  or  the  existence  of  the multicollinearity problem  

among  the  categorical explanatory variables. The decision rule for contingency coefficients 

states that when its value approaches 1, there is a problem of association between the dummy 

variables, i.e., the  values  of  contingency  coefficients  range  between  0  and  1,  with  zero  

indicating  no association between the variables and values close to 1, indicating a high 

degree of association. 
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Based on the above conditions, the result of the multicolinearity for both participation 

equation and outcome equation shows that the values of the VIF for the continuous variables 

were found to be small (i.e. VIF values less than 10), indicating the data have no serious 

problem of multicollinearity. After having all the above checking and tests, the model 

analysis was conducted.

Table 9:Marginal effect from logit model estimation of participation to micro irrigation

Variable                       coefficient                 Std. Err.                  P>|z|  

Gender                           -0.6780                      0.2224                     0.002***

age                                   0.0140                       0.0058                      0.015**

education                         0.5304                      0 .0183                     0.039**

familysize                        0.0600                       0.0253                      0.018**

locationdiff                     0.056                         0.093                        0.26                      

laboravaibl                      0.0716                       0.0493                     0.146

nonfarmpart                   0.2512                       0.1176                     0.033**

socialpart                         0.1014                      0 .0621                     0.102

irrigationwater                0 .6589                     0.1349                     0.000***

extenservice                     0.2863                       0.1220                     0.019**

frequda                            0.1228                       0.0686                     0.073*

TLU                                0.0208                        0.2305                     0.050**

mktdistance                    -0.02533                     0.0104                    0.015**

accescreditt                    -0.03023                      0.0640                    0.637

  Number of obs             388                                
 LR chi2 (13)                  300.43 
Prob > chi2                     0.0000                            
Pseudo R2                      0.5610  
Log likelihood               -117.564                       
Source: own survey, 2014

Note: *significant at 10%, **significant at 5%, ***significant at 1% probability of significance level

The above Table 9, shows the marginal effect estimation of the logit model with access to 

irrigation. From the estimation result of the marginal effect of the logit model of the above 

depicted that the statistically significant and economically, meaning full variables that affect 

access to micro irrigation are gender of the household head, age, family size, non-farm 

participation, availability of water for irrigation, extension service, the frequency of the 
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development agent, and market distance. Gender of the household head negatively affects the 

probability of participation in irrigation. And it dedicates that male headed households are 

more likely to adopt micro irrigation systems than female headed households. This is due to 

cultural biases where female-headed households have limited resource access and males have 

more exposure to other social and economic activities and the above result shows this effect. 

The result shows those females are less likely to participate in micro irrigation than male.  

The probability of male participation in micro irrigation increases by 67.8% marginal effect 

than female, keeping other variables in the model constant. This result is in contrary to the 

study conducted by (Denison and Manona, 2007; Mnkeni et al., 2010; Sikhulumile et al., 

2014). They found that female headed households more likely participate in irrigation 

practices.

 Furthermore, the age of the household head positively affects the probability of participation 

on micro irrigation. As the age of the household head increases by 1 year up to ascertain 

level, the probability of participation in micro irrigation would increase by 1.41% marginal 

effect, other variables in the model remaining constant. 

As table 9, shows, family size of the household is statistically significant (at the 5 % level of 

significance) and it is positively associated with the probability of participation in micro 

irrigation. The more likely reason is that household heads with larger family size can more 

probably have more labor to engage in micro irrigation practices. Since households with 

larger family size can perform various agricultural activities without labor shortage. 

Therefore, in the study area households with larger family size can probably choose to 

participate and adopt micro irrigation. A unit change in family size of the household head the 

probability of participation and adoption would increase by 6% of marginal effect, other 

variables in the model remain constant at their mean value. This finding is in line with the 

study conducted by (Sikhulumile et al., 2014) found that family size of the household head 

positively increases the probability of participation in irrigation practicing. And suggest that 

the increase in the household size implies a cheap labor and has a higher chance to participate 

in irrigation system.
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The finding shows that non-farm participation it is significant (at the 5 % level of 

significance) and has a significant impact on the probability of participation and adoption of 

micro irrigation technologies. Thus, households who participate in non-farm participation are 

more probably encouraged to participate and adopt micro irrigation systems. Since the 

money that they earn from non-farm participation leads the households to engage in the 

participation as well as adoption of micro irrigation systems. As the marginal effect of the 

above econometric result shows that household heads that are engaging in non-farm 

participation are 25.12% more likely to participate and adopt a micro irrigation system than 

those household heads that have not participated in non-farm activities.

The irrigation water found in the study area is surface water of dams and river diversion 

which uses gravitationally with canals and/or ground water which could lift the water with 

pumps. Availability of irrigation water to the household head is statically significant (at 1% 

significance level) and positively motivates the household head in micro irrigation 

participation and adoption. This coincides with the fact that the more the availability of water 

in the household head land or the area he/she will encourage to participate in the irrigation 

system. Therefore, those household heads that are with more water availability in their 

farming land are 65.89% more likely to participate in the micro irrigation system than those 

households who have less availability of water for irrigation. 

An extension service of the household head was hypothesized to have a significant effect 

with positive relationship and the finding shows that extension service has significant (at the 

5 % level of significance) effect with a positive relationship of probability of participation in 

micro irrigation practices. The positive impact of extension service shows that households 

who get more extension service are more likely to participate in micro irrigation than 

households with no or little extension service of their counterparts. That is household heads 

with extended service are 28.63% more likely to participate in micro irrigation than 

household heads with less extension service. Based on (phoebe et al., 2000) result indicates 

that farmers experience on extension service and access to updated information leads the 

probability of adopting new technology, since they can use the resources wisely with proper 

management of input for better production and productivity of high value crops, 
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(Madhusuda, B. et al., 2002; Sikhulumile et al., 2014). In addition, this finding is consistent 

with the study done by (Gebregziabher et al. 2009) proposes that the household heads with 

higher extension service are more likely to participate in irrigation.

Market distance which is taken as proximity to market access is statistically significant (at 

the 5 % level of significance) and it negatively affects the irrigation participation of the 

household head. This result shows that the more distant the local market the households 

might choose to sell their product with cheaper price and/or consume for them as well. In fact 

the distance of the market constrained the households in the selling of their agricultural 

products and those households that are far apart from the local market might discourage to 

participate in micro irrigation. The more distant the market the household heads would less 

probably participate in micro irrigation. The result shows that, as the distance of the market 

increases by 1km the probability of participation in micro irrigation decreases by 2.5%, citrus 

Paribas. A similar study was conducted by (Sikhulumile et al., 2014) and suggests that the 

better the household head had the market they are more probable to participate in irrigation 

practices.

 4. 2.2  Propensity Scores Matching (PSM)

According to  (Ravallion, 2009) propensity score matching  is  a  tool  that  creates  a  

comparison  group  with  the  treatment  group  based  on  factors  that affect  people’s  

propensity  to  participate  in  the  program. And also it  allows  finding  of a  comparison 

group from  a sample of  non-participants closest to the treatment group  in terms of 

observable characteristics, so that both groups are matched on the basis of the propensity 

score, which is a predicted  probability  of  participation  given  observed  characteristics.  

This propensity value is estimated based on a statistical model, like logit or probit model, and 

thereby estimate  the  average  treatment  effect  of  the  outcome  difference  of  income,  

between  the  treated as well as the control groups using  nearest-neighbor, stratification and 

kernel density matching methods (Khandker et al., 2009). In addition PSM doesn’t require 

randomization or baseline (pre-intervention) data which makes it preferable than the 

difference in difference method. Furthermore, it is useful when there are many potential 

characteristics to match between program participants and non-participants. Particularly, it is 
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more robust as compared to other techniques. Nevertheless, it demands large sample size and 

better quality data than others. But it may not able to control all preexisting difference 

between the treated and control groups (Pufahl and Weiss, 2009). 
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Table 10:Propensity score matching estimation (logit model)

Variable                       coefficient                   Std. Err.                    P>|z|  

Gender                            -3.794                       0.7091                   0.012**    

age                                   0.1057                     0.0390                   0.007***

education                         0.5304                     0.0183                   0.039**

familysize                        0.4522                     0.1878                   0.016**

laboravaibl                      0.5389                     0.3853                   0.162

locationdiff                      0.056                       0.093                     0.26                      

nonfarmpart                    0.2512                     0.1176                   0.033**

socialpart                         0.7634                     0.4018                   0.057*

Land size                         0.2564                     0.2631                   0.021**

irrigationwater                0.6589                     0.1349                   0.000***

extenservice                    0.2863                     0.1220                   0.019**

frequda                           0.1228                     0.0686                   0.073*

   TLU                             0.0208                     0.02305                 0.050**

mktdistance                   -0.02533                     0.0104                   0.015**

accescreditt                    -.03023                     0.06401                 0.637

Number of obs       = 388              
 Prob > chi2           = 0.0000
LR chi2 (13)          = 300.43        
Pseudo R2             = 0.561          
Log likelihood   =   -117.56429                        

Source: own survey, 2014
Note: *significant at 10%, **significant at 5%, ***significant at 1% probability of significance level

4.3 ATT Estimation of Impact of Micro-Irrigation on household income 

According to Baker (2000) while we evaluate a treatment the major econometric problem we 

face is selection bias (Maddala, 1983). Similarly the author found that micro irrigation 

always aims the poor, but those who are reasonably without irrigation they are more probable 

to be poor. Thus, the expectation is households without treatment of micro irrigation would 

have had lower income as a result the sample selection bias occurs due to the self-election 

mechanism. Moreover (Bacha et al., 2011) confirmed that the welfare variety between the 
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treated as well as the control group would not be attributed to irrigation access as long as the 

selection bias exists. As (Heckman, 1979) suggests that estimation of the impact of irrigation 

on welfare of the treated and control group using the OLS model becomes biased and 

inconsistent estimation. So using the non-parametric matching estimation method the impact 

of micro irrigation on the household income would be proved whether using of micro 

irrigation have a significant difference between the treated and control group. Therefore, 

Table 8, shows the ATT estimation result using the various methods of matching techniques. 

Table 11:ATT estimation of micro irrigation with treated and control group and bootstrapped standard errors

Matching method    No. Treated     No. Control       ATT             Std. Err            t-value

Nearest neighbor          179                 69                13341.782          493.213           27.051***

Radius                          179                209              13341.782          446.770           29.863***

Kernel                          179                 209             13341.782          415.933           32.077***

Stratification               179                   84              13392.002           458.213          29.227 ***

Source: own survey, 2014                                  
Note:    ***, significant at 1%

The results indicate that participating in micro irrigation significantly increases household 

income as shown by a positive estimated coefficient of micro irrigation use with a t-value 

less than 1%. Participation in using micro irrigation enabled farmers in the study area to 

produce twice or three times a year, and to grow market oriented crops such as tomato, 

onion, cabbages and potato. To estimate the role of micro irrigation on the income of the 

household, different data’s which can affect the availability of micro irrigation were 

collected. Thus, ATTs for the identified income categories are estimated through the 

matching of treated and control observations. The estimated ATTs using nearest neighbor, 

radius, Kernel and stratification matching method for income on the role of micro irrigation 

have shown in table 10.

PSM results presented in Table 10 support the conclusion that availability of micro irrigation 

does improve household income, indicating that micro irrigation users get between EBR 

13341.782 and EBR 13392.02 more than the non-participants depending on the matching 
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method used. This result is consistent with the findings of previous studies (Tesfaye et al., 

2008; Gebregziabher et al., 2009; Bacha et al., 2011; Kuwornu and Owusu, 2012; 

Sikhulumile et al., 2014). That found even though smallholder irrigation has admittedly 

failed as many schemes have collapsed, those irrigation schemes that remain operational are 

playing an important role in rural poverty reduction.

Table 10, indicates that all the the four nearest neighbor, radius, Kernel and stratification 

matching methods point to the fact that irrigation access has a significant effect on household 

welfare. The nearest neighbor, radius and kernel matching methods identified 69, 209,and 

209 matching households as a control respectively, and concluded that the availability of 

micro irrigation results in an increase of EBR 13341.782 in household income per year over 

that of non-users. The staratification matching method, on the other hand, identified 84 

matching households as control, and was somewhat conservative compared to the nearest 

neighbour matching method in calculating the impact estimate. The stratification matching 

method concluded that availability of micro irrigation results in a gain of EBR 13392.002 in 

household income of the users. The PSM, supports the conclusion made by the treatment 

effect model that availability of micror irrigation has a significant positive influence on 

household income. This implies that the statistical results are robust.

The other factors that influenced household income are sex of the household, age, education 

level, family size, off-farm income, social participation, land size, irrigation water 

availability, extension service, TLU/livestock size/ and market distance. In line with 

expectations, access to irrigation water farm land increases household income in the rural 

areas. The households in the study area are dependent upon agricultural activity for their 

livelihood, and more land with irrigation water implies better opportunities to produce more. 

The positive sign on livestock size also implies that having more livestock gives the 

households an opportunity to sell during bony periods. 

The results also support that education is critical in the fight against poverty. Additional 

years of schooling of the household head were positively related to income. Education 

implies more opportunities of generating income, and implies better understanding of new 
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and improved farming technologies. This result is consistent with findings from (Tekana and 

Oladele 2011; Namara et al. 2008; Sikhulumile et al., 2014). Access to extension and nearby 

market services plays an important role in improving household income. Those households 

with better access to extension and nearby market services acquired more income than those 

without these services. Extension services imply access to new technologies, which help 

improve agricultural production, while access to agricultural training improves farmers' 

skills. Most of the farmers in the schemes use their traditional knowledge of production 

system like broadcasting sawing system or they only use trial and error, but those who have 

received some form of training are better-off as they would put these skills to use and this 

creates a difference in production and productivity. As expected, access to nearby markets 

with good road has a positive impact on household income. Those households settled in 

nearby to market and connected by good road networks have better opportunities than those 

who are far away with less connection to the market. A nearby market with good road 

networks implies ease of accessing main market centers such as Mekelle, Wukro and 

Freweyni town. 

The impact of micro irrigation on the household income of the treated and control group was 

tested using the two sample Kolmogorove-Smirnove test for the equality distribution of the 

functions yield on household income is significant (p=0. 000) suggesting that the 

distributions were too alike. For robustness checks of the estimated irrigation impact 

parameter, the propensity score matching method (PSM) was used. Since, the PSM method 

would result in the unbiased and robust impact estimates. The balancing property was 

selected in estimating propensity scores. The use of the balancing property ensures that a 

comparison group is constructed with observable characteristics distributed equivalently 

across quintiles in both the treatment and comparison groups (Smith and Todd, 2005). In 

constructing the matching estimates, the common support was imposed. Heckman et al. 

(1997), encouraged dropping treatment observations with weak common support as 

inferences can be made about causality only in the area of common support. All standard 

errors were bootstrapped with 1 000 repetitions following Smith and Todd (2005) and Dillon 

(2011).
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Chapter Five: Conclusion and Recommendations

5.1 Conclusion

The objective of this study was to provide empirical evidence of the impact of micro 

irrigation on household income. Although the micro irrigation users and non-users had the 

same demographic patterns, the income of the micro irrigation users was found to be better 

than that of non-users. Data for the study were collected from randomly selected rural 

households using semi-structured questionnaire in two weredas Saesie Tsaeda Emba and 

Kilte Awlaelo taking two kebeles each namely Saze and Hangoda from S/T/E wereda and 

Adekesanded, and Abreha Atsbah from Kilte Awlaelo.

Quantitative and qualitative data types related to impact indicators were collected from 

primary sources, sample respondents. Secondary sources also used to enrich data from 

primary sources. Two types of respondents; micro irrigation users and non-users were 

considered for the survey considering micro irrigation users as treated group and non-users as 

a control group. The sample size is 388(179 micro irrigation users and 209 non users). Logit 

and PMS method was employed to measure the adoption decision of farmers and the impact 

of the micro irrigation respectively. PMS was preferred because it minimizes problems 

associated with selection bias. The PS provides the conditional probability of participation 

based on pretreatment control variables. The PS value is used to balance the control 

observations with treated observations. Out of the four most known and widely used as 

matching methods; stratification, nearest neighbor, radius and kernel; nearest neighbor and 

kernel matching were used to estimate ATTs. Descriptive statistics (ANOVA, Chi-square, 

and others) also used to describe the impact of micro irrigation on household income. 

This paper examines both factors influencing farmers’ decision on whether or not to adopt 

and the impact of micro- irrigation technologies in the Eastern Zone of Tigray region, in 

Ethiopia. The descriptive result showed that the major problems encountered in using micro 

irrigation that respondents have stressed are lack of awareness, sufficient irrigation water and 

the presences of pest and disease. In view of the research questions indicated, the main 
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findings of the study are indicated as follows: the author found in the study that users of the 

micro irrigation gained a positive benefit compared to non-participants.

From the estimation result of the marginal effect of the logit model depicted that the 

statistically significant and economically, meaning full variables that affect access to micro 

irrigation are gender of the household head, age, family size, non-farm participation, 

availability of water for irrigation, social participation and market distance.

Binomial logit Regression results showed that the availability of family labour positively 

affects the adoption of smallholder irrigation technologies. This is because the availability of 

higher number of family members working on the farm reduces the farm’s external labour 

requirements. Moreover, in a situation where the opportunity cost of family labour is low, 

farm households with higher number of adult labour are likely to adopt labour intensive 

technologies. This is in line with the policy direction that gives due consideration for the use 

of agricultural technologies that can intensively use farm household labour and land. 

Male headed households are found to be more likely to adopt irrigation technologies as 

compared to female headed counterparts. This indicates that women have not benefited much 

from innovations in micro-irrigation technologies. To change this gender imbalance, 

programs that target both gender groups will be necessary to ensure equitable adoption of 

practice between male and female headed households. 

Level of education increases the likelihood of adopting small scale technology. This 

indicated the fact that micro irrigation technologies need special technical and managerial 

skills for their proper utilization. Hence, special training programs (on both operation and 

maintenance of the technologies) need to be instituted to manage irrigation technologies. 

Furthermore, availability of irrigation water is found to positively and significantly influence 

the adoption of micro irrigation technologies. This implies that the use of such micro 

irrigation technologies is suitable and appropriate in surface and/or shallow ground water 

potential areas and an extension approach of ‘one fits all’ is not appropriate. Hence, even 

though, the use of smallholder irrigation technology needs to be promoted, it is suggested 

that areas where these technologies are suitable need to be identified. Furthermore, the effect 
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of wider application of micro irrigation technologies on the environment needed to be 

considered. 

In general, there are important and significant differences between farm households who did 

and did not adopt micro irrigation technologies. In terms of income, in 2014 harvest season, 

which showed from the ATT result the average annual income of adopters was significantly 

higher which is EBR 13341.78 – 13392.002 compared to the income of non-adopters. 

Furthermore, micro irrigation adopters were more likely to employ more labour as compared 

to non-adopters, which might be an indicator of the multi-dimensional role of micro 

irrigation in generating employment opportunities and then highlighting the broader 

community benefits from adopting smallholder irrigation technologies. 

The erratic nature of rainfall and natural resource degradation are major bottlenecks in effort 

to enhance agricultural productivity, which in turn threatens the lives of millions of people in 

the country, and particularly the study area, Tigray. Hence, to relax these development 

constraints, the Federal government and Regional states, and NGOs working in research and 

development, have invested huge resource in various yields enhancing and micro irrigation 

technologies (ranging from large dams for ponds at the household level). However, the 

impact of these interventions on agricultural productivity and level of income at the 

household level is minimal. 

5.2 Recommendations 

 In the study area still there are many rural households which are not participating in micro 

irrigation. This is because of lack of access to irrigation water, education, access to a nearby 

market, lack of extension services and other awareness enhancing systems.  Based on the 

findings of this study the following general recommendations are given:

Expanding  the  capacity  of the micro irrigation users  and creating additional access through 

integrated water investment is important to increase agricultural income and hence leads to 

improve household’s welfare.

The policy implications of the above findings are that improved access to water for irrigation, 

educating and raising farmers’ awareness through extension and provision of other 
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complementary services would enhance the adoption of micro irrigation technologies. 

Particularly, affirmative action, in the form of targeted interventions, is needed to help female 

headed households benefit from the new technologies.

Traditional system of micro irrigation like flood irrigation should substitute with modern and 

efficient type of irrigation methods

Infrastructures like all weather roads, training centers and access of credit systems in rural 

areas should be in place with a minim interest for purchase of input and low cost 

technologies. 

Capacity building like training, experience visit to model sites and field days to scale the 

technologies.

The policy maker has to focus on solving the problems related to technical, managerial and 

administrative aspects. This is to mean that they need to identify which problem by who 

should be solved and mass mobilization leads to in efficient application of projects. The 

experts have to focus on solving problems related to technical aspects. 
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APPENDIX

Appendix 1: Logit Estimation for participation in Irrigation
logit irrigationuse Gender age education familysize laboravail nonfarmpart socialpart irrigationwater extenservice frequda tlu 
mktdistance  accescredit

Iteration 0:   log likelihood = -267.78015  

Iteration 1:   log likelihood = -133.65264  

Iteration 2:   log likelihood = -121.32513  

Iteration 3:   log likelihood = -117.88706  

Iteration 4:   log likelihood = -117.56638  

Iteration 5:   log likelihood = -117.56429  

Iteration 6:   log likelihood = -117.56429  

Logistic regression                               Number of obs   =        388

                                                  LR chi2 (13)     =     300.43

                                                  Prob > chi2     =     0.0000

Log likelihood = -117.56429                       Pseudo R2       =     0.5610

---------------------------------------------------------------------------------

  irrigationuse |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

----------------+----------------------------------------------------------------

         Gender |  -3.794166   1.509266    -2.51   0.012    -6.752273   -.8360582

            age |   .1057225   .0390636     2.71   0.007     .0291593    .1822857

      education |   .5304491   .3583074     1.48   0.139    -.1718205    1.232719

     familysize |   .4522261   .1878129     2.41   0.016     .0841196    .8203327

     laboravail |  -.5389727   .3853051    -1.40   0.162    -1.294157    .2162114

    nonfarmpart |   1.631921   .6678589     2.44   0.015     .3229421    2.940901

     socialpart |   .7634832   .4018083     1.90   0.057    -.0240466    1.551013

irrigationwater |   5.901127   1.906674     3.09   0.002     2.164115    9.638139

   extenservice |    2.46693   1.339742     1.84   0.066    -.1589171    5.092776

        frequda |  -.9248549   .5828209    -1.59   0.113    -2.067163    .2174531

            tlu |   .1568249   .1654599     0.95   0.343    -.1674705    .4811203

    mktdistance |  -.1906341   .0750976    -2.54   0.011    -.3378226   -.0434455

    accescredit |  -.2261551   .4722436    -0.48   0.632    -1.151736    .6994253

          _cons |  -9.168219   1.993857    -4.60   0.000    -13.07611   -5.260332
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Appendix 2 : Propensity Score matching Impact Estimate

pscore irrigationuse Gender age education familysize laboravail nonfarmpart socialpart 
irrigationwater extenservice frequda tlu mktdistance accescredit, pscore(mypscore) 
blockid(myblock) comsup numblo(5) level(0.005) logit

**************************************************** 

Algorithm to estimate the propensity score 

**************************************************** 

The treatment is irrigationuse

irrigationu |

         se |      Freq.     Percent        Cum.

------------+-----------------------------------

    control |        209       53.87       53.87

    treated |        179       46.13      100.00

------------+-----------------------------------

      Total |        388      100.00

Estimation of the propensity score 

Iteration 0:   log likelihood = -267.78015

Iteration 1:   log likelihood = -143.41222

Iteration 2:   log likelihood = -126.65593

Iteration 3:   log likelihood = -120.39958

Iteration 4:   log likelihood = -118.13384

Iteration 5:   log likelihood = -117.61094

Iteration 6:   log likelihood =  -117.5648

Iteration 7:   log likelihood = -117.56429

Iteration 8:   log likelihood = -117.56429

Logistic regression                               Number of obs    =        388

                                                   LR chi2(13)      =     300.43

                                                   Prob > chi2      =     0.0000

Log likelihood = -117.56429                         Pseudo R2       =     0.561

---------------------------------------------------------------------------------------------

---------------------

irrigationuse |Coef.   Std. Err. z  P>|z|  [95% Conf. Interval]

-------------+---------------------------------------------------

      Gender |  -3.794166   1.509266    -2.51   0.012    -6.752273  -.836058

         age |   .1057225   .0390636     2.71   0.007     .0291593    .1822857

   education |   .5304491   .3583074     1.48   0.139    -.1718206    1.232719

  familysize |   .4522261   .1878129     2.41   0.016     .0841196    .8203327

  laboravail |  -.5389728   .3853051    -1.40   0.162    -1.294157    .2162114

 nonfarmpart |   1.631922    .667859     2.44   0.015     .3229421    2.940901

  socialpart |   .7634832   .4018083     1.90   0.057    -.0240466    1.551013
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irrigation~r |   5.901129   1.906674     3.09   0.002     2.164116    9.638141

extenservice |    2.46693   1.339743     1.84   0.066    -.1589168    5.092778

     frequda |  -.9248553    .582821    -1.59   0.113    -2.067164     .217453

         tlu |   .1568249   .1654599     0.95   0.343    -.1674705    .4811202

 mktdistance |  -.1906341   .0750976    -2.54   0.011    -.3378226   -.0434455

 accescredit |   .2261552   .4722436    -0.48   0.632    -1.151736    .6994253

       _cons |   -9.16822   1.993857    -4.60   0.000    -13.07611   -5.260332

Note: the common support option has been selected

The region of common support is [.02463754, .99918238]

Description of the estimated propensity score 

in region of common support 

                 Estimated propensity score

-------------------------------------------------------------

      Percentiles      Smallest

 1%     .0314918       .0246375

 5%     .0389227       .0282404

10%     .4702838       .0314918       Obs                 253

25%     .6082478       .0351551       Sum of Wgt.         253

50%     .7620925                      Mean            .705679

                        Largest       Std. Dev.      .2424741

75%      .864109       .9991824

90%     .9659497       .9991824       Variance       .0587937

95%     .9971342       .9991824       Skewness      -1.396328

99%     .9991824       .9991824       Kurtosis       4.706752

****************************************************** 

Step 1: Identification of the optimal number of blocks 

Use option detail if you want more detailed output 

****************************************************** 

The final number of blocks is 5

This number of blocks ensures that the mean propensity score

is not different for treated and controls in each blocks

********************************************************** 

Step 2: Test of balancing property of the propensity score 

Use option detail if you want more detailed output 

********************************************************** 

The balancing property is satisfied 
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This table shows the inferior bound, the number of treated

and the number of controls for each block 

  Inferior |

  of block |     irrigationuse

of pscore  |   control    treated |     Total

-----------+----------------------+----------

  .0246375 |        18          1 |        19 

        .2 |         1          1 |         2 

        .4 |        25         14 |        39 

        .6 |        14         67 |        81 

        .8 |        16         96 |       112 

-----------+----------------------+----------

     Total |        74        179 |       253 

Note: the common support option has been selected

******************************************* 

End of the algorithm to estimate the pscore

ATT Estimation with All the matching Methods

command:      attk hhincome irrigationuse , pscore() comsup bwidth(.06)

statistic:    attk       = r(attk)

Bootstrap statistics                              Number of obs    =       388

                                                Replications     =       100

--------------------------------------------------------------------------------------------

Variable     |   Reps  Observed      Bias  Std. Err. [95% Conf. Interval]

-------------+----------------------------------------------------------------

        attk |   100  13341.78  11.67798  415.9328   12516.48   14167.08   (N)

             |                                       12516.63   14141.01   (P)

             |                                          12448   14125.94  (BC)

--------------------------------------------------------------------------------------------

Note:  N   = normal

       P   = percentile

       BC  = bias-corrected
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ATT estimation with the Kernel Matching method

Bootstrapped standard errors

-------------------------------------------------------------------

 n. treat.       n. contr.         ATT      Std. Err.           t

-------------------------------------------------------------------

      179         209          13341.782     415.933      32.077

-------------------------------------------------------------------

ATT estimation with Nearest Neighbor Matching method 

(random draw version

Analytical standard errors

------------------------------------------------------------

n. treat.   n. contr.         ATT    Std. Err.          T

------------------------------------------------------------

      179      69   13341.783      448.205     29.767

-------------------------------------------------------------

Note: the numbers of treated and controls refer to actual nearest neighbour matches

ATT estimation with the Stratification method

Bootstrapped standard errors

---------------------------------------------------------

ATT estimation with the Stratification method

Bootstrapped standard errors

---------------------------------------------------------

n. treat.   n. contr.    ATT        Std. Err.           t

---------------------------------------------------------

      179      84     13392.002     458.213         29.227

---------------------------------------------------------
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ATT estimation with the Radius Matching method

Analytical standard errors

---------------------------------------------------------

n. treat.   n. contr.         ATT   Std. Err.           t

-------------------------------------------------------------

      179         209   13341.783     448.205      29.767

----------------------------------------------------------------

Note: the numbers of treated and controls refer to actual matches within radius

Appendix 3: Total Livestock Conversion factors
Livestock Category TLU

calf 0.34

Heifer 0.75

Cow and Ox 1.0

Horse 1.1

Donkey 0.7

Sheep and goat(adult) 0.13

Chicken 0.013

     Source: Storck et al., 1991

Appendix 4: Multicollinearity test for continuous explanatory variables
Livestock Category VIF
age 3.34
Familysize 1.962
extenservice 4.212
TLU 2.354
Marketdista        2.0654

Appendix 5.  Summery of HH income in terms of sex 
Sex of household  head Summary of HH gross income

Mean Std.dev frequency
female 9807.7117 5621.8512 111
male 16276.282 7942.8714 277
Income difference of male & female Male (6468.57)
Total 14425.737 7908.5517 388
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Appendix 6.  Conversion factor for Adult equivalent
Years of age Men Women 
0-1 0.33 0.33 
1-2 0.46 0.46 
2-3 0.54 0.54 
3-5 0.62 0.62 
5-7 0.74 0.70 
7-10 0.84 0.72 
10-12 0.88 0.78 
12-14 0.96 0.84 
16-18 1.14 0.86 
18-30 1.04 0.80 
30-60 1.00 0.82 
60 plus 0.84 0.74 

Appendix 7. Livestock holding of sampled households in terms of TLU
Adoption    
categories

N Mean SD Max Min F Pvalue R2

treated 179 8.154 0.0729 6 10.9   

control 209 3.686 0.2112 0 10.9

Total 388 5.92 0.14205 0 10.9 18.41***    0.0000*** 0.5986***

Source: Own survey data, 2014,                             

Note:  *** represents 1 % significance level.
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Appendix 8.  Conversion factor for Adult equivalent
MEKELLE UNIVERSITY

FACULTY OF BUSINESS AND ECONOMICS

DEPARTMENT OF ECONOMICS

Adoption and Impact of Micro Irrigation: the case of Eastern zone of Tigray

SUMMARY OF SURVEY QUESTIONNAIRE
Introduction

 Introduce yourself and get introduced with the respondent
 Tell to the respondent about the purpose of the study
 Check that all questions are asked and responses are filled accordingly
1.  Geographic and administrative information  
Region: ____________________________

Zone: _____________________________

Wereda: ___________________________

Tabia /PA: _________________________

Agro-ecology of the PA:       1 = kola                     2= woynadega         3= dega

Name and code of Enumerator /Interviewer

2.  Basic Household information /characteristics  

2.1 Name and code of interviewee (preferably HH Head) namebh

2.2 Sex of HH head (mark one)   1= male                         2= female

2.3 Age of the HH Head ________years                                                                                                                                                                                                                                                                                                                 

2.4   Religion of the HH Head (circle one)

        1= Orthodox      2= Muslim     3= Protestant     4= Catholic    5= Others (Specify) ________

2.5 Marital status of the household head

2. 1= Single     2= Married      3= Widow       4= Divorced

2.6 Can you read/write?(circle one)1. Yes                           2. No
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2.7 If your answer for number 2.6 is ‘Yes’ where do you put yourself? 

 1= Traditional education (eg. nay keshi tmrti)            2= Grade 1 – 4

3= Grade 5 – 8           4= Grade 9 – 10           5= Grade 11-12         6= Above Grade 12

Household members with age group /2.8/
code 1 2 3 4 5 total

No. memb.

2.8How many household members are there in each age group?   

1= Seven year and under           2= 7 – 14 years

   3= 15 – 64 years      4= above 64 

2.9 Major job/occupations of the Household Head:  1= Farming   2= Weaving   3= Petty Trading     

 4= Carpentry    5= Black Smith     6= Daily Labour  7= Pottery  8= others/specify__________

2.10 Economic class to which the household belong                                                                                                                       

 1= Rich 2= Medium 3= Poor 4= Poorest of the Poor

2.11 Do you or any member of your family engage in any Non-farm Activity?               

                   [1]:  Yes                                [2]: No

2.12 If to question no 2.11 is Yes, The amount of income earned from non- farm activities? 

________Birr per month

2.13 How long are you or any member of your family engaged in non-farm activities? 

_____________ (In Years)    

2.14 Do you participate in any of the following social organization? Are you member and /or 

leader?

Organization Non- 
participant(1)

Member 
(tick,2)

Committee 
member (tick,3

 Leader 
(tick,4)

Frequency of participation in 
activity 

Never (1) Sometimes(
2)

Always(3

Idir
Iqub
Religious club 
Irrigation 

association 
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Marketing  
association 

Cooperative/union 
PA leader
Saving and credit
School council 
other
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3. HOUSEHOLD EXPENDITURE AND CONSUMPTION

3.1 Food Expenditure

Item Quantity 
purchased in 2006 

E.C. (kg)

Expenditure on 
the purchase (Birr)

Amount 
Consumed (in 
from  purchase 
(Br.)

Quantity of 
Consumption  from 
own production (kg)

Estimated 
price of own 
produced 
consumption  
(Br.)

Quantity of 
consumption 
from Food for 
Work /Food 
Aid/Credit  (kg)

Estimated price of 
consumption from Food 
for Work/Aid /Credit 
(Br.)

A. Cereals
Teff
Barley (sigem)
Wheat (sinday)
Maize (mishelabahri, ilbo)
Sorghum (mishela) or 

Leqhua
Dagusha
Groud Wheat (Fino)
Ground Barley (Tihni)
Other Cereals

Peas ( ainiater)
Split Peas (kikieater)
Beans (AterBahri, Alquai)
Split Beans (kikieater)
Chick Peas (shimbra)
Lentils (Birshin)
Split Lentils (kikieBirshin)
Flux (entatie)
Enguaya (sebere)
Shiro
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Item Quantity 
purchased in 

2006 E.C. (kg)

Expenditure 
on the purchase 
(Birr)

Amount 
Consumed  from  

purchase (Br.)

Quantity of 
Consumption  from 
own production (kg)

Estimated 
price of own 

produced 
consumption  

(Br.)

Quantity of 
consumption from 

Food for Work 
/Food Aid/Credit  

(kg)

Estimated price of 
consumption from 
Food for Work/Aid 

/Credit (Br.)

C. Vegetables
Onions 

(KeihShigurti)
Tomatoes 

(komidere)
Potatoes (dinish)
Garlic 

(tsaedashigurti)
Other vegetables 

(carrot, keisir, hamli, 
karia…)

Fruit 
Orange/Lemon
Banana
Other Fruits 

(zeithun, papaya, 
avocado, mango, etc.)

Berbere
Salt
Jinjibil
Other Spices

Cooking Oil
Cooking Butter
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Item Quantity purchased 
in2006 E.C. (kg)

Expenditure 
on the purchase 

(Birr)

Amount 
Consumed (in from  

purchase (Br.)

Quantity of 
Consumption  

from own 
production (kg)

Estimated 
price of own 

produced 
consumption  (Br.)

Quantity of 
consumption from 

Food for Work 
/Food Aid/Credit  

(kg)

Estimated 
price of 

consumption 
from Food for 

Work/Aid 
/Credit (Br.)

G. Meat and other animal products
Beef  (nay keftisiga)
Mutton (nay 

begie/tiellsiga)
Chicken (derho)
Eggs
Milk/Yogurt (tseba, 

riguo) 

Bread (bani, himbasha)
Pasta and Macaroni
Injera (Derek injera)
Rice (ruz)

Local Beer (sua)
Mies (Tej)
Soft Drinks (Leslasa)
Liquor (Areki; Katikala)
Beer
Tea and Coffee outside 

home
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Item Quantity 
purchased 
in2006 E.C. 
(kg)

Expenditure 
on the 
purchase (Birr)

Amount 
Consumed (in 
from purchase 
(Br.)

Quantity of 
Consumption  
from own 
production (kg)

Estimated 
price of own 
produced 
consumption  
(Br.)

Quantity of 
consumption 
from Food for 
Work or Food 
Aid  (kg)

Estimated price 
of consumption 
from Food for 
Work/Aid (Br.)

J. Other Consumables
Sugar

Coffee Beans 

Tea (koslishahi)

Honey

Flour Milk 
(HiruchTseba)

Children Food (milk 
formula, and others)

Expenditure on 
eating outside home by 
family member/s

3.1. How much does your household spend on average (using the year 2006 E.C. ) for one month on food consumptions (including 
from own production, food for work/aid)? Br. _________
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3.2. Educational Expenses

Item Expenditure made in2006 E.C. 
(Br.) /Quantity/

Estimated expenditure made in 
2006 E.C. (Br.) /Qua*price/

Exercise books and books
Pens and pencils
Tuition fee
Transport to and from school
Other expenses on education
Total
3.3. Expenses on Clothing

Item Expenditure made in2006 
E.C. (Br.) /Quantity/

Estimated expenditure made in 
2006 E.C. (Br.) /Qua*price/

Student Uniforms
Clothing for father/mother
Clothing for other family 
members (excluding uniforms)
Shoes 
Bed sheets and Blankets
Other clothing items
Total
3.4. Medical Expenses

3.4.1 Can you give good estimate of your household’s medical expenses for the month of 

2006 E.C.-----------------(Br.)

3.5. Expenditure on Water
Item Average Monthly Expenditure 

[contribution] (Br.)
Yearly Expenditure (2006E.C. 
until [Br.]

Water (for drinking)
Water (for irrigation)
3.6. Cleaning, and Personal Care items

Item Average Monthly 
Expenditure in 2006 E.C. 
(Br.)

Estimated Expenditure for 
the Year 2006 (Br.)

Hair oil
Hair Butter Purchased
Hair Butter from own product
Soap Bar (for clothing)
Body Soap
Flour Soap (omo)
Shampoo and Conditioner
Hair Salon (Women)
Hair Salon (Men)
Other personal care items

3.7. Fire wood and Fuel



93

Item Expendit
ure in a 
month20
06 E.C. 
(Br.)

Estimated Price of 
own produced 
consumption  
yearly in 2006 
(Br.)

Expenditur
e yearly  in 
2006 E.C. 
(Br.) 

Estimated 
cost of own 
produced 
consumption 
in 2006 (Br.)

Firewood
Animal Dung
Coal (faham)
Cooking/lighting Gas (Tsa’eda 
lamba)
Match (kirbit)
Shimaa; Twaf

3.8. Social Occasions or festivities
Item Estimated Expenditure for the Year 2006 

E. C. (Br.)
Made by 
Interviewee (Br.)

Paid to others (Br.)

Tsebel, Mahber
Eddir
Wedding (merea)
Teskar
Kiristina
Wefera
Others

3.9. Ekub and Credit
3.9.1. Are you (or any member of your family) currently a member of Ekub? (mark one)                       

1/ Yes

2/ No

3. 9.2. If your answer for 9.1. is ‘Yes’, how much do you contribute per month and how much 

is your expected earning? 

1/   Contribution: Br. ___________ per month

2/   Expected Earning: Br. __________

3.9.3. Did you give any credit of more than Br. 10 to someone in 2006 E.C.? 

1/ Yes                     ; if ‘Yes’, how much?Br. _________

 2/ No

3.10. Taxes and Contributions

3.10.1. How much have your household paid for Land Use Tax in 2006 E.C.? Br. _____

3.10.2. How much have your household paid as church contribution in 2006 E.C.? ______Br



94

3.10.3. How much has your household paid as contribution to associations in 2006 E.C.? 

Br.___________

3.11. Household Items and Jewelry Purchases

Item Amount purchased in the year 
2006 E.C

Estimated price

Chair, bench, duka, etc.
Table or similar items
Box, Cupboard, shelf…
Bed (metal or wooden)
Tape recorder/ Radio
Plastic buckets, cups, etc.
Glasses (for tea, drinks, )
Pot (Itro), tsahli, …
Metal Pots (disti..)
Metal Tisti
Oven (mogogo)
Midija (gas)
Broom (mekoster)
Gold
Silver
Watch
Bicycle
Cart (‘gari’); wheelbarrow 
(‘carreta’)
Other household items

3.12. Do you live in (circle one) 

1. Own house   2/  Rented House   

2.   3/ Relative’s or Friend’s house for free 

3.13 If your answer for No. 3.12 is “rent house”, how much ------------birr per month do you 

pay. 

3.14 If your answer for No. 12 is “Own House”, how many rooms does your house have 

(excluding animal house)? 

1. Only one room    2/Two rooms     3/Three rooms       4/More than three rooms

3.15. If your answer for No. 12 is “Own House”, do you have a house made of corrugated 

iron roof?                         1/  Yes                                   2. No

3.16. If your answer for No. 14 is “Yes”, how much is the size of your corrugated iron house: 

_______________ m2

3.17. What is the current estimated value of your house (including animal house): Br. ______
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3.18. If you have a servant or shepherd how much do you pay him/her/them per month? Br. 

___________ per month

3.19. Remittance made by the interviewee (e.g. to former spouse, or to students, or to parents) 

in 2006 E.C. Br. _____________ 

4.  CROP PRODUCTION

4.1 Do you or any other member of your household own any cultivated Land?  

          [1]: Yes      

          [2]: No                                                                                                                                                                                                                             

4.2 If Yes to Question 4.1, what type of land access do you have?                                                                          

     1= Private      

     2= Rented/Borrowed

     3= Share Cropping       

    4= Common

Q. 4.3

Land use (Ha)            Type

Private Rent Share Other Total

Cultivated

forest

Grazing 

Other

4.3   What total size of land do you own? 

in any form (tsimdi)?    

         1= Private    

         2= Rented/Borrowed

         3=Share Cropping

        4= Others (Communal)

4.4 Household land holding size in Tsimad

1/Fertile /rogid/----------

2/ moderately fertile/maekelay--------

3/ unfertile/rekik/---------------- 
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4/ total land holding ---------------timad

4.5 What type of crop do you grow in the land?

Crop type

Maize Teff Wheat Hanfets Beans Others 
(specify)

Area in tsimad

Production in (Qui/tsi.)

Price per Quintal

Total Birr sold

4.6 Have you rented out land in 2005/06E.C?            [1]: Yes                 [2]: No                                                                                                                                                                                                                             

4.7 If your answer for 4.6 is “Yes”, how many Tsimad have you rented out _______

4.8 How do you plough your land?                                                                                                                                                                                               

1/  Using Family Labour                2/ Using hired Labor              3/  Usingowned oxen     

 4/ Using rented oxen                     5/  Using borrowed oxen 6/  other/specify_____________

4.9 How do you compare existing production with that of 10 years ago?                                                           

      1/   Increased          2/ Decreased            3/ No change

4.10 If Production has decreased what are the reasons?                                                                                                                          

      1/ shortage of rain fall                2/ shortage of new technologies

      3/   Pest and disease                   4/ Shortage of land         5/   Shortage of input    
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      6/   Shortage of labor                 7/   Poor soil fertility          8/  

Other/specify_____________

5.  USE OF MICRO IRRIGATION 

5.1 Do you have farm land that has access to any irrigation?     [1]: Yes                 [2]: No    

5.2 If No to Question 5.1 that are the reason for not having this micro irrigation? And could 

you prioritize in order the reasons? 1st, 2nd, 3rd, 4th…

problems

Sufficient 

rain and 

moisture

Expensive 

and lack of 

credit 

Lack of 

experienc

e 

No farmland in 

surface water 

access

Shortage of 

irrigation 

technologies

Other 

specify

5.3  If Yes to Question 5.1, when do you start to use? _______________

5.4If yes to question 5.1, could you please prioritize in order the source of irrigation water 

you have?

1= River diversion             2= Pond              3= hand dug well 

4= Dams                             5= other/specify_____

5.5 If Yes to Question 5.1, how do you use the irrigation water?                                                                      

                     [1]: Gravitational                       [2]: Pressurized 
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5.6 If you use pressurized type of irrigation inQuestion 4.4, could prioritize in order the type 

of irrigation technology/pressure/you use?

1= Family Drip irrigation                       2= Tridel pump 

3= motor pump                                         4= other/specify --------

5.7 Ifyou use pressurized type of irrigation in Question 4.3, how do you get the irrigation 

technology? 

                  1= on own cash                2= on credit  

                  3= as reward                     4= other /specify__________

5.8 If Yes to Question 5.1, how much area does it cover? ------------in tsimad

5.9 How many times do you harvest in a year using micro irrigation? 

     1= once                      2= twice                       3= triple 

5.10 If Yes to 5.1, what type of crop do you grow? 

5.10 Crop type

Tomato Onion pepper Cabbage Maize Fruits Others 
(specify)

Area in tsimad

Production in (Qui/tsi.)

Price per Quintal

Total Birr sold

5.11 What happened to your household’s living condition over the last three years? 

                1/Big Improvement                                2/.Small Improvement 

                3/ Remained the same (No change)        4/ Worsening (going from bad to worse)

5.12 Is there any form of land degradation occurred on your plots for the last five years?

                 [1]: Yes                               [2]: No      

5.13If yes to question 5.12, are you practicing any water harvesting technologies?                                                                                                                                                                                                        
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                  [1]: Yes                              [2]: No      

5.14 If yes to question 5.13, which type of soil and water conservation technologies have 

youpracticed?

               1= Stone bund                         2= Soil bund

                3= Bench tares                        4= Other (Specify)_____

6. AGRICULTURAL EXTENSION SERVICES

6.1 Has your household received extension service from any government and/ NGOs?

                  [1]: Yes                       [2]: No      

6.2   Is there development agent in your village?              [1]: Yes                       [2]: No                                                        

6.3   If yes to question 6.2, has he/she visited your farm?   [1]: Yes                         [2]: No                                                              

6.4   If yes to question 6.3, how frequent the DA visited you? ______________ .

            1) Never                              2) every six month 

           3) Quarterly                         4) every month 

           5) Every two weeks             6) Other _������_____________

6.5   Have you get training on micro irrigation? 

                     [1]: Yes                           [2]: No      

6.6   If yes to question 6.5, how frequent it is? 

       1) One’s a year                          2) every six month

       3) Quarterly                              4) every month  

       5) Every two weeks                  6) Other (specify) _____________

7. LIVESTOCK PRODUCTION

7.1  Do you or any other member of your household own livestock?   [1]: Yes                 [2]: 

No                                                        

7.2   If yes to question 7.1, what type and how many livestock have you owned?                         
                       7.2 

Code No. of owned now & before

Last year This   year
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Codes

        1= No Livestock 2= Oxen         3= Cows

        4= Calves              5= Heifers     6= Sheep

        7= Goats                8= Chicken  9= Horse

        10= Mule              11= Donkey   12= Camel

       13= Others

7.3   Do you or any other member of your household having the livestock get income? [1]: 

Yes                   [2]: No    

8. HOUSEHOLD INCOME
Please indicate the income of your household in each of the following divisions

8.1. Crop Output (2006 E.C.) from Rain and Irrigation
Commodity Annual 

harvest 
Consumed Sold Price/Qui Total price Remark

Maize
Teff
Wheat
Hanfets
Beans
Tomato
Onion
pepper
Cabbage
Maize
Fruit 
Others 
Total Income
8.2 Household’s income from sale of livestock and livestock products in 2014/2005/06E.C

Animal/ animal 
product 

Quantity Sold Unit Price Total price Remark

Oxen
Cows
Heifers
Bull
Calve
Shoat
Donkey
Poultry
Bee colony 
Milk
Butter
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Egg
Hide
honey
others
Total Income
8.3. Average Monthly Income from the sale of the following items in 2006 E.C. 

Items Sold Average Monthly Income (Birr)
Wood and Wood Products (Trees, firewood, 
Charcoal, etc.)
8.4. Average Monthly Income from Other Sources
Type of Activity Average Monthly income (Br.)
Safety Net
Daily Labour (Not Safety Net)
Petty Trade (not included in H.2.)
Others (Specify) _________________
8.5. Other Sources

8.5.1. Rent income:

Can you give us the average monthly rent you receive from renting your property or your 
house: Br. ____________

8.5.2. Remittances/Gift

Can you give us the amount of remittances/Gift that you received in the 1999 E.C.: Br. __

8.5.3. Food Aid

8.5.3.1   Have you received any aid in the last 12 months?    [1]: Yes     [2]: No

8.5.3.2   If yes to question 6.1, please indicate the type and amount received

No    Type of aid 
items received       

Amount of Aid 
Received per month

Unit price Total 
income 
received 

Remark

1 Wheat
2 Oil
3 Cash
4 Other

Total
8.6. Income from Social Occasions

Can you give us the amount of income you received from social occasions (wedding, eddir, 
kiristina, tsebel, teskar) you organized in 2006 E.C. : Br. ___________

8.7. Other Income (not stated above)

Other income not stated above (monthly average): Br. ___________ per month
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9.  ACCESSIBILITY TO OTHER SERVICES
9.1 Do you get market information about prices and demand conditions of agricultural inputs 

and out puts?                   [1]: Yes                   [2]: No    

9.2 If yes to 9.1, indicate the sources of information ______________________________

9.3 How long does it take you access the main road from home? ________________(Hr)                                                                                          

9.4Do you have access to market?             [1]: Yes                   [2]: No    

9.5 If yes to 9.4, how long does it take you to the main market place from home? ____(Hr)     

9.6 Did you need credit for the production of your agricultural product? 

                  [1]: Yes                   [2]: No    

9.7 If yes, did you have access to credit for the production of the Commodities? 

                 [1]: Yes                   [2]: No    

9.8   If yes to question 10.7, what is the source of your Credit? 

              1 = 

Banks                          

2 = 

Friends/relatives 

              3 = 

Traders                        

4 = 

Microfinance

9.9 Is credit timely and adequately available for agricultural commodities development?

                 [1]: Yes                   [2]: No    

10. OVERALL ASSESSMENT AND IMPACT FOR MICRO IRRIGATION 

USERS

10.1 What can you say about the impact of micro irrigation on your household’s life? /Circle 

one/ impact

1. Very big positive impact (i.e., long term and permanent positive impact)

2. Good impact (mainly temporary benefit, but some permanent impact

3. Very small positive impact (small temporary benefit) 
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4. Partly positive, partly negative (i.e., mixed with the overall impact being almost 

zero) 

5. Negative impact (I got into problem as a result)

a. How do you describe the impact in line with your answer for number 12.

___________________________________________________________________________

11. HOUSEHOLD AND PRODUCTIVE ASSETS

11.1 Can you give financial estimate (current market value) of fixed assets under your 
possession?

Property type Quantity Value (Br.) (Current 
market price)

Proportion of micro irrigation 
Contribution: Only for irrigation 
users(code 4)

House and Household Assets
House (Houses)
Kefo
Radio
Tape Recorder
Chairs/Benches/Stools
Gold
Silver
Watches

Livestock
Ox

Cow
Heifer (‘arhi’)
Bull (‘Tefin’)
Calf (‘mirakut’)
Sheep
Goat
Donkey
Mule
Horse
Camel
Poultry

Productive Assets
Plough (‘Mahresha’)
Axe, Spade, Martello, etc.
Bee Hive (traditional)
Bee Hive (Modern)
Triddle Pump (‘Stina’)
Drip Irrigation (‘tebtebta’)
Cart, Wheel Barrow
Others ___________
Others _______________
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Code 4
1 = Zero 6 = More than 50% but less than or equal to 75%
2 = Less than or equal to 5% 7 = More than 75% but less than or equal to 90%
3 = More than 5% but less than or equal to 
10%

8 = More than 90% but less than 100%

4 = More than 10% but less than or equal 
to 20%

9 = 100%

5 = More than 20% but less than or equal 
to 50%

THANK YOU!


