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Abstract  
The regional government of Tigray has made a huge investment in small scale irrigation schemes to solve 
the food insecurity problem in the region. This study explored whether or not investment in small scale 
irrigation can increase income, generate employment and ensure food security using randomly selected 
100 respondents (from two random villages and two agro-ecology zones), farmer survey, focus group 
discussion, and the propensity score matching.  The 10 years data show that the per-capita food 
production in the region was above the food requirement. The local per-capita food supply in the woreda 
was largely below the per-capita food demand. So, the study woreda had many food insecure people 
because of the weak food distribution system in the region. The study also found that education, 
information access, access to rural services, sufficient water and household sizes are the main factors 
that significant explaining the rural people to participate and access to irrigation at 5% level. The chi-
square independence test illustrates that there are statistically significant differences in the application of 
modern farm technologies (improved seeds, fertilizer and other chemical inputs), and production of 
diversified agricultural products between the irrigation farmers and dryfarm farmers at the 5% level. In 
parallel, small scale irrigation in the study area has generated significant employment, and the irrigation 
income also accounted for more than 35% of the annual income of the treated groups. The propensity 
score matching explains that the mean annual income, consumption expenditure and asset accumulation 
for irrigation respondents was respectively 97%, 114% and 103% higher than that of the non-irrigation 
respondents. This method also shows that the investment on small scale irrigation has no statistically 
significant effect on the income allocation strategy of the respondents to healthcare and education.  It 
also describes that about 20% of the treated group in 2012 were poor and food insecure while the figure 
for the control group was about 30%. In all, since irrigation sector in the area has faced problems (e.g. 
market, institution, irrigation facilities and infrastructure services), government and other organization 
should give attention to strength the local institutions and expand social and physical services in the area.   
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Chapter One Introduction 
1. 1. Background  
Agriculture is the mainstay sector in Ethiopia. In 2011, for example, the sector contributed 40% 
to Ethiopia’s GDP, 80% to employment, 28% to government tax revenue and 85% to export 
earnings. The sector was also responsible for 70% of the supply of raw materials to non-
agricultural sector.  The sector has an economic and social importance in the national economy. 
However, the sector has remained in its rudimentary stage because of environmental  
degradation, unchecked population growth (2.4% per annum), small and fragmented 
landholding,  high rate of urbanization (5%), and limited access to new agricultural technologies, 
traditional methods of cultivation, high dependence on natural factors and institutional support 
services (Lakew 2004, CSA 2012, MoFED 2012). 

 
For this reason, the productivity and efficiency of the agricultural sector are low, which in turn, 
leads to the rampant food insecurity problem in the country (Awulachew et al. 2007). For 
example, in 2010 and 2011 the per capita domestic outputs (the country’s food grain availability) 
were respectively 3 and 2.2 quintals per person. This value was largely less than the globally 
recommended per capita cereal production in 2009 that was 400 kg (4 quintals) per person (Li 
and Shangguan 2012). This justifies that the sector doesn’t able the people to meet the food 
requirement. As a result, there is a recurrent and common food shortage in the country. Ethiopia 
is among the food aid recipient countries in the world (Todaro and Smith 2011). More than 30% 
of the population lived below the national poverty line in 2011 (MoFED 2012).   
  
Since the problem remained for decades, the economic actors gave attention and designed a 
national strategic plan in 1991, Agricultural Development Led Industrialization (ADLI) that 
gives focus to irrigation, cooperative societies and agricultural technologies to answer the food 
demand of the country and bring socioeconomic development in the country. The successful 
history of Asian countries (e.g. China, India, Singapore, Vietnam, and Taiwan) in the 1960s and 
1970s in feeding the growing population, achieving rapid economic growth and boosting 
employment through irrigated agriculture motivated the Ethiopian government to give more 
weight to the development of irrigation scheme (Bacha et al. 2011).  It is the main pillar in the 
recent Five-Year Growth and Transformation Plan (2011-2015) of Ethiopia (MoFED 2012).  
 
The government has made a huge investment in irrigation infrastructure and also created an 
enabling institutional and economic environment for the development and success of irrigation. 
Nongovernmental and other concerned organizations have also encouraged allocating more 
budgets and investing in irrigated agriculture (Lakew 2004). Based on this, the federal and the 
regional governments associated with other international and local NGOs have significantly 
supported technically and financially to rural farmers to participate and use irrigation farming. 
As a matter of fact, the irrigated farmland, irrigation production and the number of irrigation 
farmers in the country have notably increased, up to 80%, between 1990 and 2010 (CSA 2012).  
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1. 2. Research Problem  
Ethiopia has many international rivers, high groundwater potential and natural lakes, which have 
high potential for irrigation. Despite the large repertoire of the river network, irrigated area only 
forms about 10% of the total cultivated land. The area under agriculture is also a modest 15% of 
the cultivable area in Ethiopia. One of the reasons for this is the presence of high crop pests and 
diseases in the lowland areas (MoWE 2012). The lowland area of Ethiopia is a geographic area 
below 1500m above sea level (masl) and consists of 80% of the total surface area of the country. 
40% of the highland areas are suitable for agriculture whereas 85% of the lowland areas are 
favorable for agriculture practice.  The settlement pattern of the population is, however, higher in 
highland areas (only 24% of the population live in the lowland areas) due to  malaria, tsetse fly 
and other hot weather born diseases (Lakew 2004, Awulachew et al. 2007).  
 
Considering the high potential of arable land with food insecurity problem, the different Five-
Year Strategic Plans of Ethiopia such as a Structural Adjustment Program (1994-1999), the 
Sustainable Development and Poverty Reduction Program (2000 -2005), the Plan for 
Accelerated and Sustained Development to End Poverty (2005-2010), and the Growth and 
Transformation Plan (2011- 2015) have given attention to the strengthening of the agricultural 
sector through the expansion of agricultural farming in the lowlands and irrigation infrastructures 
in the highlands. The Tigray region has limited arable land because large part is mountainous, 
unsuitable for agriculture. The region receives a rainfall of 450-980 mm per annum with less 
than 20 rainy days. The amount of the rainfall may be sufficient for some crops but the problem 
is the distribution and timing of the rain -short duration, irregular pattern and early stopping. 
 
The limited possibility to expand agriculture horizontally and the erratic rainfall forced the 
regional state of Tigray to advocate the need for an expansion of irrigation infrastructure in the 
region and bring sustainable development. Awulachew et al. (2007) explained that Tigray region 
has to shift from rain-fed to irrigation agriculture so as to feed its population and assure food 
security which otherwise less possible to achieve food security using only rainfall-based farming. 
Since irrigation development has been identified as an important tool to stimulate economic 
growth and rural development, the national policies especially the regional strategies of Tigray 
have led to concerted efforts to expand irrigation development since 2005 (Hagos et al. 2009).  
 
The federal government together with the regional state and other NGOs has provided diverse 
the technical and financial support to rural people to use and access to irrigation. For example, 
federal government supported for 308338 shallow wells, 205787 storage ponds, 49311 
community ponds, 5632 cisterns, 32727 water springs, and 31386 chick-dams in 2003. 12% of 
the annual budget of the country has allocated to the agricultural sector and has been increasing 
by 5% annually. Similarly, the government of Tigray has allocated 17% to the agricultural sector 
and increasing annually by 3.8%. Of the total agricultural sector budget, the region devoted 
17.7% to the development of irrigation infrastructures in 2011 (Lakew 2004, MoFED 2012). 
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 As a result of the incentive and massive investment in the irrigation schemes, the rate of 
farmers’ participation in the irrigated agriculture has increased from 5% in 1996 to 11% in 2003 
and 37% in 2009. The rate of utilization of the irrigation potential in the country has reached 
10% in 2011 compared to 8% in 2007 and 2% in 1986. The number of the physical irrigation 
schemes in the region has also progressed by about 1.8% annually (Lakew 2004, Awulachew et 
al. 2007, MoFED 2012, BoARD 2012).  Therefore, this fact motivates this study to investigate 
whether or not the development of small scale irrigation can solve the food deficits in the region 
using 100 sample farmers, farmer survey and the propensity score matching approach.   

 
1. 3. Objective  
This study deals with the economic impact of small scale irrigation (SSI) on household food 
security in northern Ethiopia. More specifically, the study seeks to: 

1. analyze the food production and food requirement trend in the region and the woreda 
2. identify the main economic factors that influence farmers to access and use irrigation 
3. estimate the role of small scale irrigation towards household income and  employment  
4. examine the economic impact of small-scale irrigation on household food security 
5. document the major constraints on the adoption of small scale irrigation in the area 

 
1. 4. Hypotheses 

1. The domestic food supply in the woreda was inadequate to meet its food demand for the 
last five years   

2. Participation in small scale irrigation schemes positively and significantly enhances the 
income and consumption expenditure of the rural farmers  

3. Education level of the head, access to financial institutions (e.g. credit), access to 
information media and landholding sizes are statistically significant in influencing the 
farmers’ participation in irrigation schemes.  

 
Given the objectives and hypotheses, the study has the following research questions 

1. How much did the farmers participating in the irrigation program benefits compared 
with what they would have experienced without participating in the program?  

2. What are the major economic factors that constrain rural farmers to practice irrigation?   
3. What is the net effect of irrigation in ensuring food security at household level? 

 
1. 5. Significance 
The findings of the study are expected to provide inputs for policymakers, development 
practitioners, farmers and researchers. The results of the study inter alia  
 Would broaden dryland farmers' understanding of small-scale irrigation farming and 

motivate the rural non-irrigation farmers to actively participate in irrigation farming to 
improve farm productivity and achieve food self-sufficiency. 
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 Helps policymakers and development practitioners to design good irrigation strategies to 
improve the irrigation practices. The finding of the study can also assist in identifying the 
challenges and alternatives to deal with the problems.  

 Provides researchers important inputs for further investigation in the subject matter. For 
example, supervisors in Mekelle University, situated around the study area, can induce 
their students to undertake their dissertation on irrigation related issues in order to solve 
the existing problems at farm level and then ensure food security at regional level.  

 May add additional knowledge to the existing literatures through publishing papers, 
conference presentation or workshop organization  
 

1. 6. Assumption 
 The study assumes that there is uniformity in agroclimatic parameters (temperature, 

rainfall, humidity, wind, etc.) and physical characteristics (soil type, topography, etc.) 
within the sample village chosen.  

 It is assumed that there is no difference in water availability and access for households 
who live adjacent (within some radius distance) to each other at the sample village level. 
 

1. 7. Ethical Research  
Studies are guided by some standards in order to protect the rights of the participants in the 
study, safeguard against immoral research activities (e.g. personal gain of the researcher at the 
expense of the participants) and conduct a proper scientific investigation. Some ethical principles 
that are used to reflect validity and reliability of the research outcome are voluntary participation, 
anonymity, confidentiality, honesty and continuity. This study is grounded-in some ethical 
principles because, previous studies show that, some respondents wrongly perceived the studies 
and also linked with the food aid program while others were suspicious about the study.  
 
Accordingly, the study initially prepared informant's consent in local language that fully 
informed the participants about the purpose and objective of the study so as to avoid erroneous 
perception of the study. The procedure and the total duration of the questionnaire were also 
clearly explained.  It also informed participants to withdraw at any time when felt inconvenience. 
The consent encouraged respondents to positively cooperate and gave honest and unbiased 
answers. The farmer survey was preceded after they were interested to participate. They were 
remained anonymous. Their answers were kept in strict confidence. Therefore, the study 
believed that the information gathered through the farmer survey is correct and relevant.  
 
1. 8. Limitation  
This study was scoped to two agro-climatic zones, one administration woreda, two villages and 
100 respondents. The data of the study were based on a cross sectional survey. The objective was 
only to estimate the relationship between small scale irrigation and food security. The study is 
thus subject to some limitations. For example, many data were highly dependent on the memory 
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and recognition of the respondents because of the underdeveloped recording system in the region 
(country). Accordingly, some data particular in the quantitative data might be short of accuracies. 
Some respondents were also reluctant to give the correct response for some sensitive variables.  
 
The farmers didn’t give information without the permission of the local leaders. Appointment 
with the farmers was kept through the local administrators, which otherwise not easy. In this 
case, the study is less confidence to conclude that the data were unbiased from the local 
administrators. Some secondary data at the woreda level are not clear and well documented. The 
study didn’t explore the economic feasibility and viability of the small scale irrigation schemes, 
which also affects the food security level. However, the study made all possible efforts (use the 
different data collection method, random sampling and the respondent consents) in order to 
minimize the limitation, and ensure the reliability of the data and produce valid results.  
 
1. 9. Thesis Organization  
The thesis is organized into six chapters. Chapter one shows the justification and objective of the 
study while chapter two deals with the conceptual and theoretical literatures. The third chapter 
presents the overall research design of the study. Chapter four focuses on the descriptive and 
econometric results of the study. The empirical findings of the study will be discussed in the 
subsequent chapter. Finally, chapter six summarizes the conclusion and policy implication. 
 
 
 
 
 
 
  



6  
 

Chapter Two Literature Review 
This chapter presents the conceptual framework associated with the empirical studies of the food 
security and irrigated agriculture.  The study also reviews different impact assessment methods 
that are used in investigating the impact of irrigation schemes on household food security.  
 
2. 1. Concept of Food Security  
The history of food security was emerged in the mid of the 1970s when a critical shortage of 
food grain occurred globally and then the World Food Conference defined food security in terms 
of food supply in 1974. At the 1996 World Food Summit, 182 nations agreed on the definition as 
a physical and economic access by all people at all times to sufficient, safe and nutritious food, 
and dietary food preference for an active and healthy life (Todaro and Smith 2011).This 
definition has four pillars (food availability, accessibility, utilization and stability). This enables 
to set threshold and distinguish food security from food insecurity situations.  
 
The food availability refers to the sufficient quantities of food with appropriate quality supplied 
through domestic production or imports including food aid. Food access is the presence of 
adequate resources to acquire appropriate foods for a nutritious diet. It is an entitlement or 
command over the food supplied. Utilization of food is to meet adequate diet, clean water, 
sanitation and health care to search a state of nutritional well being. It is about the cultural 
acceptability of the food in the local communities. Stability of food refers to the level of 
resilience to shocks and other crises. Thus, the concept of food security consists of food and non-
food inputs, and can attain with the fulfillment of the above four food security elements. 
 
The importance of irrigation agriculture comes in bold on the food supply, stability and access 
principles. Irrigation improves agricultural productivity through solving the rainfall shortage and 
encourages farmers to harvest year-round. The sector generates employment to some members of 
the family especially to wife and children. The family can take the balance and nutritious food 
from their crop, fruit and vegetable produce. Irrigation can motivate rural farmers to use more of 
modern inputs. Irrigation can be a source of an additional income for the rural farmers (FAO 
2011, Bacha et al. 2011, Dillon 2008, Kuwornu and Owusu 2012, Dauda et al. 2009). Food 
security can be measured and evaluated using either supply-side approach or demand-side 
approach. The food supply equation deals with the food availability issues, for example, food 
production index, per capita output, food aid delivery, livestock index, crop index and others. 
The food demand equation, on the other hand, studies about the accessibility mainly focusing on 
income, anthropometrics index, consumption expenditure, nutrition index, diet diversity score, 
calorie intake index, hunger index and other derived indicators (Norton et al. 2010). 
 
Depending upon the objective of the studies, some scholars preferred food supply while other 
scholars preferred the food distribution. Randela et al. (2000) shows that supply variables are 
more powerful determinant of household food security than the demand variables. If the supply 
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is high, people have access to food and the demand variables are not so significant. Supply 
variable shows food availability while demand approach indicates food access or entitlement so 
that the demand-side approach is the most preferable (G/egziabher 2008).  For example, the 
world has enough food to provide at least 2.15 kg per person a day for the world population but 
the world had about 800 million food insecure and malnutrition people in 2011 (FAO 2011). 
More than half of the population of less-developed countries are food insecure and have earned 
less than 1.25 USD per day in 2010 (Todaro and Smith 2011). The world will have about 370 
million food insecure and mal-nutritious people in less developed countries in 2048 (FAO 2011). 
 
Similarly, Ethiopia has recorded a considerable economic growth since 2000, more than 7% 
annually, though it has, on average, about 3 million (200 thousand in Tigray) food insecure and 
malnourished people (MoFED 2012).  The WFP, FAO and World Bank dataset show that the per 
capita domestic food production in Ethiopia between 2004 and 2012 was more than the global 
recommended per capita food grain. However, there was a significant level of food aid flows 
between the periods. This justifies that the availability of food supply doesn’t indicate the 
command of the people over the supplied food. Food entitlement takes higher weight than the 
food availability. Therefore, the food supply is a necessary condition and food access is a 
sufficient condition for food security, and this is the reason that this study has preferred the 
expenditure-based demand-side of the food security analysis.  
  
2. 2. Small-scale Irrigation and Food Security 
This study reviewed the economic contribution of small scale irrigation on household income, 
employment, modern farm input uses and food security. G/egziabher (2008) compared farm 
production in irrigation- and rainfall-based areas of Tigray and found that the rain-fed areas 
produced subsistence crops and encountered a chronic food deficit while the irrigation-based 
areas produced cash crops with surplus production due to post-harvest storage facilities, and 
doubling or tripling effects of irrigation. Construction of 126 surfaces and 54 sprinkler irrigations 
in the Arab countries also led to the cultivation of high-value horticultural crops such as 
tomatoes, peas, green peppers, groundnuts, maize, cucumbers and rape (Singh et al. 2009). 
Small-scale irrigation in Ethiopia enabled households to diversify production to new types of 
marketable crops like fruits, cash crops and vegetables (Eshetu 2010). Without physical 
participation in irrigation schemes, farmers in Ghana have enjoyed indirect benefits (spillover 
effect), for example, market stabilization, access to nutritious diet, access to improved seed 
varieties and technical knowledge, and so forth (Kuwornu and Owusu 2012). 
 
Irrigation investment in India enabled farmers to increase diversification of crops, and use of 
more chemical inputs like pesticides, fertilizers or improved seed varieties (Bhattarai et al. 2007) 
and switched from low-value subsistence production to high-value market-oriented production in 
China (Huang et al. 2006). A study by Chiza (2005) on Pangani and Rufiji basins of Tanzania 
found that irrigation increased yield per hectare, for example, rice, maize, tomato and onion from 
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1.5 to 4.1, 1.1 to 3.3, 2.0 to 3.0 and 2.5 to 3.5 tons in Rufiji basin, and from 2.0 to 5.3, 1.1 to 4.9, 
2.0 to 4.0 and 2.5 to 4.0 tons respectively in the Pangani basin (Cited in Fanadzo 2012). A 
similar study in China in 2005 shows that cropping intensity was higher for irrigated (111-242%) 
than for rain-fed areas (100-168%); agricultural yield was higher in irrigated areas (e.g. rice 
yields 3-5.5 tons/ha) than in rain-fed areas (don’t exceed 4 tons/ha); and employment and wage 
rates were higher in irrigated areas with a 50% differential (Huang et al. 2006). Irrigation in Arab 
increased cropping intensity up to 300% between 1992 and 1996 (Singh et al. 2009). 
 
A time series (1992-2004) study in the Arab countries indicated that irrigation enabled farmers to 
grow multiple crops two to four times a year. It also enabled them to expand their cultivated 
area, increase farm yields and increase household incomes (Singh et al. 2009). State owned 
irrigation farming in Zimbabwe hired some disadvantaged people (women, widows, orphans and 
people living with HIV/AIDS). The government also encouraged other disadvantaged people to 
use and participate in irrigation schemes. As a result, these people have grown green vegetables, 
wheat, tomatoes, cotton and sugar cane, and subsequently, have increased their annual incomes 
up to 70% (Moll 2004). Small scale irrigation schemes in the Chakuda village (Gambia) and 
Mutambara (Zimbabwe) have increased the income of the participants. The returns from the 
irrigated horticulture were greatly exceeded the returns from rain-fed cereal production. The 
positive change in income and yield translated into increased expenditure, investment and 
construction. For example, 26% of the irrigation farmers were replacing their house with 
corrugated metal roofing while 45% were built new houses. They were also easily covered some 
basic needs like cooking oil, paraffin, educational needs and farm inputs (Chazovachii 2012).  
 
A study in Ethiopia (by Ven Den Berg and Ruben 2006) and Uganda (by Otsuka and Kalirajan 
2006) found that irrigation is a positive and significant determinant of income and consumption 
and a negative determinant of poverty. Irrigation sector can increase household incomes, lower 
food prices, provide on/off-farm employment and increase opportunities (Torell and Ward 2010). 
Small scale irrigation in Nigeria was a source of income and employment (Dauda et al. 2009). 
Irrigation in Hama Mavhaire (Zimbabwe) provided a source of self reliance and income for old 
people who didn’t intend to migrate. More shopping and market centers resulted from irrigation 
development have provided more jobs to the people (Chazovachii 2012). Irrigation development 
in Vietnam significantly enhanced farm employment opportunities (in hundred thousand) (Huang 
et al. 2006). Irrigation development in rural areas of India helped to keep people in the rural 
areas, migrated from rain-fed agro-environment to intensively irrigated environment (Bhattarai et 
al. 2007). Irrigation schemes in South Africa have increased employment opportunities, and 
stabilized and increased rural wage rates; and increased family consumption of food through 
enhancing food availability, reducing levels of consumption shortfall, increasing of irrigation 
incomes and reducing food prices thereby ensure food security (Fanadzo 2012).  
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Investment in small-scale irrigation schemes has a positive impact on consumption and overall 
assets accumulation. Irrigation schemes in different countries (E.g. Gambia, Zimbabwe, China, 
etc.) enabled the participants to increase wealth (build houses with corrugated metal roofing, 
purchased jewelry items), take varied diet (Bhattarai et al. 2007, Huang et al. 2006) and consume 
own food instead of depending on food handouts from the government (FAO 2011). Irrigation in 
Ethiopia increased yields per hectare, income, consumption and food security (Hagos et al. 
2009).  Huang et al. (2006) identified five key dimensions (production, income, employment, 
food security, and other social impact) in which small scale irrigation schemes can contribute to 
uplift socioeconomic and rural poverty. Four elements how irrigated agriculture can reduce 
poverty – improving agricultural productivity, employment generation, linkage among different 
sectors of the rural economy, and increasing opportunities for rural livelihood diversification 
(Huang et al. 2006, Hussain et al. 2006). Expansion of irrigation schemes in Ghana increases 
asset accumulation (e.g. radio, house, bicycle and motor pump), and durable asset acquisition 
positively correlate with irrigation use (Kuwornu and Owusu 2012). Generally, different 
empirical studies in Asia and Africa show strong linkages between irrigation development, 
agricultural productivity, agricultural growth and food security.  
 
2. 3. Irrigation Agriculture in Ethiopia  
The history of irrigation in Ethiopia traced to the 1st century where the ancient people produced 
subsistence food crops and fruits along the river banks. Grove (1989) argued that irrigation is a 
very ancient agricultural practice which was extensively used by a number of early civilizations 
such as the ancient Egyptians and Ethiopians (Cited in Chazovachii 2012). The modern irrigation 
in Ethiopia, however, 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 (MoWE 2012). The first-five-years national policy in 1950s (1957-62) 
prioritized to the development of the infrastructure services. The second-five-years plan (1963-
67) focused on manufacturing, minerals and electric power development. Both gave less 
attention to agriculture by assuming that the sector was self-sufficient in supplying food for the 
ever-growing population and raw materials to the emerging industries (Lakew 2004).  
 
However, the outcome of the policy was different from the expectation. The sector was not self-
sufficient. Ethiopia has turned from food self-sufficiency to food import and food aid in its 
history. For this reason, the third-five-years plan (1968-1973) focused on the agricultural sector, 
and identified three developmental programs (large scale mechanized commercial farms, 
comprehensive package program and the minimum package program) aiming at generating 
employment and produce surplus for exports (Lakew 2004).  Development of irrigation farming 
(river diversion, dams, water harvesting structures, etc.) was taken as a good alternative to 
achieve the third-five year national strategic plan (Desta 2004) because of the unreliability and 
the insufficiency of rainfall in the country. Immediately after the third-five year plan, several 
studies have been made to estimate the irrigation potential of the country. A German Engineering 
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Team and the United States Bureau of Reclamation Team carried out comprehensive survey and 
feasibility studies on the potential of the large rivers in the 1970s. The government also 
undertook extensive studies in the 1980s on the water resource potential of the rivers.  
 
The studies concluded that most of the international rivers have a huge potential for hydroelectric 
and irrigation purposes. For example, the annual runoff of the rivers is estimated to be 122 
billion metric cubic (BM3). The irrigation potential from the natural reservoirs and groundwater 
is estimated about 40 BM3, totally 162 BM3 (Awulachew et al. 2007). Since the population of the 
country in 2012 was about 90 million, the yearly per capita water resource availability in 
Ethiopia was 1800M3, which is relatively large volume compared with the Arab region 3300M3 
per year in the 1960s and 900 M3 per year in 2010 (Haddad et al. 2011). Table 1 show that the 
irrigation potential of the rivers is estimated about 3.8 million hectares. The Wabi-shebelle and 
Abbay river basins have the highest catchment area (202220 and 198891 km2 respectively). Of 
the total river-based irrigation potential, Genale Dawa, Baro-Akobo and Abbay respectively 
account for about 28%, 27% and 22% of the irrigation potential of the country. Of the runoff 
flows, Abbay, Baro-Akobo and Omo-Ghibe account for about 45%, 20% and 15%, respectively.  
 

Table 1: Irrigation potential for the major international river basins in Ethiopia 
 River  Mean Annual 

water flows 
(BM3) 

Catchment 
Area 
(km2) 

Irrigation 
Potential 

(ha) 

Irrigated 
Land in 

2010 (ha) 

Irrigation 
intensity1 

(%) 
Tekezze 7.6 83476 83368 33760 40.49 
Abbay 52.6 198891 815581 65404 8.02 
Baro-Akobo 23.6 76203 1019523 18571 1.82 
Omo-Ghibe 17.9 79000 67928 56057 82.52 
Rift Valley 0.12 52739 139300 35846 25.73 
Mereb 0.26 54600 67560 910 1.35 
Afar Denakil 0.86 63853 158776 627 0.39 
Awash 4.6 110439 134121 120375 89.75 
Wabi-Shebelle 4.6 202220 237905 31701 13.32 
Genale Dawa 5.8 172133 1074720 4910 0.46 
Total    3798782 368160 10 

        Source (MoWE 2012) 
 
The total irrigated area in the country in 2005/2006 was about 8% of the potential (Hagos et al. 
2009) and it was about 10% in 2010 (MoFED 2012). This irrigation intensity is lower than China 
(52%), Kenya (20%) and India (33%) (Hussain et al. 2006, Mati 2008) but is relatively higher 
than the Sub-Saharan Africa 6% (Norton et al. 2010).  Taking the huge amounts of irrigation 

                                                             
1.Irrigation intensity: - It assesses the rate of use of land equipped for irrigation. It is calculated as the total irrigated land per the total irrigable land in a particular area. 
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potential, Ethiopia can feed to the population of the whole Africa. However, the rivers are not 
exploited for irrigation as expected and fully. Awash, Omo Ghibe and Tekezze rivers are 
relatively in a better position in irrigated agriculture in which their irrigation intensity was 
relatively higher compared to other rivers. The current irrigation schemes have covered only 368 
thousand hectares, 10% of the potential. Thus, irrigation agriculture in Ethiopia is still immature.  
 
With regard to the regional irrigation uses, Addis Ababa has utilized about 67% of its irrigation 
potential and followed by Dire Dawa (34%) and Afar region (30%).  Tigray region has a total 
irrigation potential of 300 thousand hectares, which is 4% of its surface area (83000km2). The 
region has been used only 2% of its irrigation potential. Accordingly, the Tigray regional state 
has vast unused potential of irrigation resources (MoWE 2012). The reasons for the poor 
development of irrigation in the region (country) are fragmented and small farmland, 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).  
 
Irrigation scheme is classified into different types on the basis of some parameters like the level 
of technologies, sizes of irrigated farmland, structure, the number of users or so forth. For 
example, Koegelenburg (2006) classified irrigation based on water sources as groundwater and 
surface water. Mzembe 1994 identifies three types of irrigation in Malawi: surface irrigation, 
sprinkler irrigation and micro irrigation while Rahmani and Parvin 2009 also make a 
classification based on water sources in Bangladesh as surface and ground water. Irrigation 
schemes in Ethiopia classified small, medium and large-scale using–sizes of irrigated land, 
technology use and management (Hagos et al. 2009). Small-scale irrigation schemes have 
command areas below 200 ha; medium scale schemes that can supply adequate amount of water 
to an area between 200 and 3000 ha whereas water availability for over 3000 ha command area 
is considered as large-scale schemes (Awulachew et al. 2007).  
 
Summary of typologies of irrigation schemes in Ethiopia  
Typology  Farm sizes (ha) Infrastructure  Water management scheme  
Small-scale 
irrigation 

Less than 200 Fixed or improved water 
control, local materials, 
diversion structures  

Local water users’ association 
or irrigation cooperatives 

Medium-scale 
irrigation  

200-3000 Fixed or improved water 
control 

Water users’ association, 
irrigation cooperatives or state 

Large-scale 
irrigation  

Above 3000 Fixed or improved water 
control 

Mostly state enterprises  

Source (Hagos et al. 2009)  
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The large-scale irrigation scheme is inefficient although it increases food security (Torell and 
Ward 2010). Small scale irrigation is affordable and efficient in terms of cost, operation and 
maintenance (Awulachew et al. 2007). It is constructed with small financial amounts by the local 
communities. The technology used to control and divert water for the schemes is simple and 
traditional. Its management system involves local leadership, water users’ association or 
irrigation cooperative (Hagos et al. 2009). The schemes are also distributed widely at village 
level. Hence, this study mainly concentrated on the small-scale irrigation system in the region.   
 
2. 4. Project Impact Measurement  
The government of any country designs developmental strategies and policies in order to solve 
the existing problem and bring sustainable development in the country. Khandker et al. (2009) 
said that both developed and less-developed countries have formulated developmental programs, 
though with different objectives, depending upon the socioeconomic and political situations. The 
programs are designed to change outcomes like raising incomes, improving learning or reducing 
illness. For example, irrigation is a developmental intervention with an objective to relieve rural 
farmers from high reliance on rainfall and this has direct and indirect impacts on the people. The 
impact of a program is a process of determining and assessing its effectiveness through 
comparing the accomplished plan with the far-reaching goal. Nevertheless, estimating the impact 
of the program is empirically complex because the intervention has designed and implemented 
with complex and changing environment (Stern et al. 2012).  
 
For example, selection bias that results from the self-selection into the program participation;  
unobserved heterogeneity in the selected variables that influence the outcome variable; how 
participants would have performed if they had not participated in the program; and difficulty in 
determining what would have happened if the program had not existed in the intervention areas. 
The impact of the intervention can correctly be assessed by comparing the outcomes difference 
for the same individual with and without participation in the program (Stern et al. 2012).  It can 
also be examined by comparing the outcomes before and after the intervention (UNDP 2009). In 
order to measure the impact of the intervention, studies have employed different impact analysis 
techniques such as a randomized selection method, the propensity scores matching, difference-
in-difference, regression discontinuity design, and instrumental variable estimation. 
 
2. 4. 1. Randomized Selection Method   
This randomization refers to a process of selection of both treatment and control group from 
well-defined a set of population randomly in order to evaluate the outcome of an intervention. 
UNDP (2009) explained that the sample for the evaluation is chosen on a random basis unlike 
the experimental evaluation design that requires the random assignment of the treatment. Both 
the treatment and comparison groups have the same expected outcome in the absence of the 
program (Pufahl and Weiss 2009). The comparison group is as similar as the treatment group 
except for the enrolment in the program (Stern et al. 2012). Implementation of this method over a 
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sufficiently large sample with no contagion by the intervention ensures that the only difference 
between the two groups is that the latter does not receive the intervention. This method avoids 
the selection bias problem through allocating an intervention randomly across sample 
observations. Careful selection of control areas is important in ensuring comparability with 
participant areas and ultimately calculating the treatment effect between the two groups. If the 
program is exogenously placed, conditional on the observed characteristics, an unbiased program 
estimate can be made. It can produce good and unbiased result when the sample sizes of both 
treatment and control groups is large enough (UNDP 2009). 
 
2. 4. 2. Propensity Scores Matching (PSM) 
It is a tool that creates a comparison group with the treatment group based on factors that 
influenced people’s propensity to participate in the program. It allows finding 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 (Ravallion 2009). This 
propensity value is estimated based on a statistical model, e.g., logit or probit model, and thereby 
estimate the average treatment effect of the outcome difference (e.g. income, assets, livestock 
density, landholding sizes, etc.) between the two groups using nearest-neighbor, calliper, 
stratification and kernel matching (Khandker et al 2009). PSM doesn’t require randomization or 
baseline (pre-intervention) data. It is useful when there are many potential characteristics to 
match between program participants and non-participants. It is more robust compared to others. 
However, it requires a large sample size and good quality data. It may not able to control all pre-
existing difference between the two groups (Pufahl and Weiss 2009). 
 
2. 4. 3. Difference-in-Difference (DD) 
This double difference is a quasi-experimental method that measures the effect of a treatment for 
a given period of time by comparing the treatment and the comparison group. UNDP (2009) 
clarified that the difference-in-difference method uses the before-after (first difference) and with-
without (second difference) approaches to estimate the impact of the intervention. The 
propensity score method uses only between-subjects estimate of the treatment effect that 
measures the difference in an outcome between the treatment and control groups. It combines the 
propensity score and the within-subject estimate of the treatment effect that measures the 
difference in an outcome after and before treatment (Stern et al. 2012). The difference-in-
difference approach delivers correct values when the selection bias is time invariant. This 
method also eliminates a selection bias that doesn’t change over time. It is good in both cross-
sectional data and longitudinal data. However, the method requires baseline and follow-up data 
from the same treatment and control group. It can produce bias measurement effects if a 
selection biased changes over time (Ravallion 2009, UNDP 2009). 
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2. 4. 4. Regression Discontinuity (RD) Design  
This method is used to detect the effectiveness of an intervention. It initially assigns scores role 
for the intervention unit (e.g. irrigation) and then compares the outcome of individuals just above 
the cut-off point for eligibility with a group of individuals just below it. Individuals around the 
cut-off point are similar. The tool elicits the causal effect of the intervention by exploiting a 
given exogenous threshold determining assignment to treatment (Abadie et al. 2004). For 
example, if students with cumulative undergraduate grade above 70% have received Master 
Grant Scholarship in the Ghent University, 70% can be taken as the cut-off point or threshold 
score. It compares the outcome of the treatment group (awardees) to the counterfactual outcome 
of the non-recipient (control group) to deliver the local treatment effect. Therefore, assignment to 
treatment is based on a clearly defined index or parameter with a known cut-off for eligibility. 
 
Unlike randomized and quasi-experimental methods, participants in the regression discontinuity 
design are assigned to a program or comparison group on the basis of a cut-off score on a pre-
program measure, and this method doesn’t require assigning potentially needy individuals to no-
program comparison group to evaluate the effectiveness of a program (UNDP 2009).  It doesn’t 
require ex-ante randomization and circumvents ethical issues of random assignment. It yields an 
unbiased estimate of the local treatment effect with properly analyzed. It delivers marginal gains 
from the program around the eligibility pre-test cut-off value (Abadie et al. 2004). However, the 
statistical power is considerably lower than a randomized experiment of the sample size, 
increasing the risk of erroneously dismissing significant effects of the treatment (type II error). 
The estimated effects are the only unbiased if the functional form of the relationship between the 
treatment and outcome is correctly modelled. It assesses the marginal impact of the program only 
around the cut-off point for eligibility but nothing about individuals far away from the threshold 
(Abadie et al. 2004, Pufahl and Weiss 2009, Ravallion 2009). 
 
2. 4. 5. Instrumental Variable Estimation 
The instrumental variable analysis allows consistent estimation when the explanatory variables 
are correlated with the error terms of a regression and in case of time-varying selection bias. 
Heckman and Navarro-Lozano (2004) illustrated that correlation may occur when the dependent 
variable causes at least one of the covariates (reverse) when there are explanatory variables 
which are omitted from the model or when the covariates are subject to measurement error. Since 
the program intervention always suffers from endogeneity problem, the instrumental variable 
captures the problem of program placement and produces unbiased and consistent estimates 
(Ravallion 2009). Its aim is to find the instrumental variable that is highly correlated with the 
program placement (endogenous variables) but that is not correlated with unobserved variables 
affecting outcomes (Abadie et al. 2004). This method addresses selection bias in observational 
studies, endogeneity in program placement, and time-varying selection bias for panel data. It has 
high efficiency (small standard error) and testing of cross-equation restrictions (Heckman and 
Navarro-Lozano (2004). However, the potential instrumental variable is not always available 
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and/or may be found but its quality is uncertain. If the instrument is weak (correlated with 
unobserved variables), it can potentially worsen the bias and adversely affects the outcome of the 
intervention (Stern et al. 2012). 
 
2. 5. Conceptual Framework: Irrigation-Food Security Linkage 
Farmers in Tigray region are unable to produce sufficient amounts because of erratic and 
untimely rainfall, and accordingly, the regional government has given great attention to small 
scale irrigation agriculture as a means to ensure food security and alleviate poverty (Awulachew 
et al. 2007). The adoption of new technology innovation (e.g. irrigation) is the major driving 
force for agricultural growth and poverty reduction (Norton et al. 2010). Swamikannu and 
Berger (2009) constructed an irrigation-poverty dynamics linkage model to explore how 
irrigation can reduce poverty. This study modified the Swamikannu-Berger model and built 
small scale irrigation-food security framework.   
 
This conceptual framework indicates that investment in irrigation schemes can relieve farmers 
from high dependence on rainfall. It increases irrigated farmland and also generates employment. 
It encourages farmers to produce two or three times in a year and use more of chemical inputs. 
Studies show that small scale irrigation in developing countries was counted on to increase 
production, reduce the dependence effects of unpredictable rainfall and provide jobs to the poor 
(Chazovachii 2012, Torell and Ward 2010). Irrigation in semi-arid tropical countries is an 
important investment rural development that can have direct and indirect impacts on food 
security and poverty (Bhattarai et al. 2007).  Investment in small-scale irrigation creates on/non-
farm employment opportunities; increases consumption expenditure and accumulating assets. 
Accordingly, irrigation lowers food prices so that the poor can afford and get access to the 
required food at fair prices (Huang et al. 2006). 
 
Use of more chemical inputs and year round production in irrigated farmland improves 
productivity, and shifts from subsistence crops to high-value cash crops, which in turn enable 
people to take nutritious food and keep good health status. Awulachew et al. (2007) explained 
that irrigation development increases productivity of inputs, mitigate vulnerability of rainfall 
variability, and promote rural dynamic economy.  Reliable small scale irrigation increases land 
productivity, crop yields and application of mineral fertilizers, which, in turn, enables to 
diversify into non-conventional and market-oriented products (high value crops, vegetables and 
fruits (Eshetu 2010), which positively improves farm households’ diet, incomes, health and food 
security (Torell and Ward 2010). Thus, the study built the model to illustrate the contribution of 
small scale irrigation in ensuring food security and attracting inward investment in the economy.  
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Figure 1: Irrigation-food security linkage conceptual framework 
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Chapter Three Research Method 
This chapter presents the geographic, demographic, socioeconomic and biophysical information 
of the study areas. This chapter also covers the research design and method of the study.   
 
3. 1. Study Area 
3. 1. 1. Location  
This study was conducted in the Atsbi-Wemberta woreda (district) that is found on the eastern 
edge of the Tigray region (Northern Ethiopia). It lies between 39030’-39045’ east longitude and 
13030’-13045’ north latitude. It is about 65 km northeast of Mekelle, the capital city of Tigray 
region. The woreda is bordered on the south by the Southeast zone, southwest by Kilte-Awulaelo 
woreda, northwest by Saesi-Tsaedaemba and east by the Afar region.  The woreda has an area of 
1758 km2 with 23 villages and two towns wherein administrative center is in Atsbi.  
 
3. 1. 2. Agro-ecological Condition   
The study woreda has three agro-climatic zones such as Kolla (semi-arid), Woina Dega (warm 
temperate), and Dega (temperate). About 75% of the woreda is Dega (above 2600 masl) and the 
rest 25% covers Woina-Dega and Kolla (2600 masl and below). The elevation of the woreda 
varies from 918 to 3069 masl (Desta 2004).The climatic condition of the woreda is characterized 
by mild temperature. The annual temperature ranges between 15oc and 35oc with an average of 
25oc. The mean annual rainfall of the woreda ranges from 400 to 600 mm. The main rainy season 
extends from late June to early September. The distribution of the rainfall is, however, with large 
variability, untimely and irregular in nature. The elevation significantly affects the climatic 
condition, vegetation coverage, resource distribution, human settlement and agricultural practice. 
 
3. 1. 3. Physical and Natural Resources  
The land use of the woreda varies largely, where around 85% of the land is under cultivation, 4% 
is pasture land, 4% is fallow land, 1% is water land, 3% forest land and 3% is under other forms. 
Lithic Leptosol and Vertic Cambisols are the predominant soil types. Large deposits of metallic 
and non-metallic minerals are found but they are not exploited yet. The major crops are barley, 
wheat, maize, sorghum, teff, pea, bean, chickpea and lentil. Rising of small ruminants and 
apiculture are another source of incomes in the woreda. Atsbi-Wemberta is an important supplier 
of animals like sheep, goats and so forth, and cash crops like field pea, chickpea, lentils and faba 
bean to the nearby towns of Wukro, Hawuzen, Adigrat and Mekelle. The second densest forest in 
the region, Diesa, is found in the woreda. There are no perennial rivers in the woreda. Because of 
the inadequacy and irregular distribution pattern of the rainfall, irrigation schemes have 
expanded for permanent and supplementary irrigation purposes using seasonal rivers, 
groundwater and construction of water tanks. For example in 2012, the woreda had 4206 ha 
irrigated farmland (41% higher than in 2006) and 12520 ha rain-fed farmland (BoARD 2012).  
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3. 1. 4. Socioeconomic Condition 
The woreda had 44856 household heads and 152341 people in 2011. Of which, 49% were males; 
86% lived in rural areas; 79% rely on the agricultural sector; 94% were Christian orthodox; and 
93% were ethnically Tigraway (CSA 2012). Since the area is one of the drought prone areas with 
extensive land degradation and limited farmland, many farmers have cultivated mountains and 
marginal land and many farmers don’t produce enough food to feed themselves. Some don’t 
have access to productive assets, for example, land. Some also don’t have livestock resources. As 
a result, many people of the woreda are food insecure and rely on food aids. For example, only 
10-20% of the households are self-sufficient and the remaining households are able to meet their 
subsistence food requirement for 4 to 9 months per year (BoARD 2012).  The reasons for the 
food insecurity are mainly social, natural and political factors. These factors are interrelated and 
complex as well as man-made and natural factors.  
 
3. 2. Nature of Data  
The data for the study was sourced from a cross-sectional survey. The study covered two sample-
villages (Felegewoini and Haikimeshal) in two different agro-climatic conditions (temperate and 
warm temperate). The field work was conducted from April to May 2013 and collected both 
qualitative and quantitative data. The field data was held through farmer survey and focus group 
discussion. The edited and coded data were processed and analyzed using STATA.  
 
3. 3. Sampling Method  
The study has three different sampling units: agro-ecology zone, farmer and irrigation. Irrigation 
in Ethiopia is classified into small, medium and large scale irrigation mainly based on the size of 
irrigated farmland and level of technology used (Hagos et al. 2009). Small-scale irrigation was 
taken as a sample for the study purpose because of tabia2 level distribution compare to others. 
The field survey indicates that of the sample irrigation farmers in the study areas, 11 (30%), 9 
(24%), 5 (14%), 4 (11%), and 8 (22%) are respectively used irrigation-based on river diversion 
water, spring channel water, private pond, communal dam (surface canal) and groundwater. 
  
Agro-ecology (like temperature, rainfall, elevation) has a major influence on the agricultural 
practice. In order to capture the influence of the parameters on the practice of irrigated 
agriculture, the study randomly selected two of the three agro climatic zones of the woreda, 
namely, warm temperate and temperate zones. The settlement pattern and agricultural practice in 
the kolla zone is limited due to the hot-weather condition. Consequently, the study focused on 
these two agro-climatic conditions such as woina dega and dega agro-ecology zones.   
 
The woreda has 23 tabias. The study initially classified them into temperate, warm temperate and 
hot zones based on the agro-ecology zones. Since the third agro-ecology zone has very limited 
population, the study randomly selected Felegewoini and Haikmeshal tabias from the temperate 

                                                             
2 . Tabia (village) is an administration system in the region after region, zone and woreda (district) and before  kushet (sub-village) 
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and warm temperate zones, respectively. The two villages accommodated the climatic variation 
in the woreda. In the tabias, there are farmers who have and have not used irrigation. To this 
effect, the study randomly selected 50 sample farmers from each tabia (100 sample sizes) using a 
simple random sampling technique. Table 2 shows that 37% of the sample respondents are 
treatment group (FPSSI) and 63% are control group (NFPSSI).  
 

Table 2: Distribution of sample size of respondents at tabia level 
Village   FPSSI (n=37) NFPSSI (n=63) Samples 
Felegewoini 14 (28%) 36 (72%) 50 
Haikmeshal 23 (46%) 27 (54%) 50 
Samples  37 (37%) 63 (63%) 100 

 
Finally, the study arranged two-focus group discussions at the tabia level with purposefully 
selected eight representatives from the tabia (leadership committee, elderly community, youth 
association, development agent, religious leader, women’s association, and low/high-income 
households) and two representatives from the woreda (World Vision NGO, and Irrigation expert 
from the Bureau of Agriculture and Rural Development). The discussion was active, free and open.    
 
3. 4. Data Collection Method   
The study employed secondary material (desktop) survey, farmer survey, and focus group 
discussion in order to collect reliable and correct field data. The collected field data help to 
produce valid finding, and draw sound policy implication and further research study.  
 
3. 4. 1. Desktop Survey 
The secondary data were collected from journals, irrigation association record and government 
reports. The information was used to evaluate the existing works and compare this study with the 
previous studies. It was used to construct the conceptual and theoretical framework of the study.  
 
3. 4. 2. Interview Survey  
The study used farmer survey to collect data (e.g. demographic data, irrigation variables, village 
variables, socioeconomic variables, agro-ecological factors, institutional variables, and income 
sources) from the samples. The study conducted an interview with two irrigation users and two 
non-users to gather detail and in-depth information about the irrigation practice. This case study 
allows for further probing into responses and seeking clarification of answers given.  
 
4. 4. 3. Focus Group Discussion 
The study pre-formulated checklists and undertook focus group discussions with 10 different 
representatives. The discussion was mainly emphasized on the contributions, opportunities and 
challenges of small-scale irrigation schemes in the study area. This is also used to extract the 
inner feeling or perception of the discussants about the general picture of the irrigation schemes. 



20  
 

4. 4. 4. Conduct of Pretest 
Before starting the main survey, the study initially prepared questions and checklists and then 
were canvassed them with 10 randomly selected farmers to determine their ability in answering 
questions, and check the adequacy of the questions (e.g. local discourse) to avoid ambiguity and 
provocative questions. This was held in two-days in one village. Significant experience that was 
relevant to update the questionnaire was found from the pretest. Well structured questionnaire 
and guideline checklists were prepared after taking into consideration the feedback from the pilot 
survey. The different data collection methods are briefly summarized below:   
 

Data collection  Brief description 
Farmer survey 
 

Questionnaire survey for 100 sampled respondents so as to collect 
reliable and relevant data about the socioeconomic and other situations 

Focus group 
discussion 
 

Group discussion with 20 representatives from different associations and 
offices to collect the inner feeling and general views of respondents 
otherwise impossible to extract through a questionnaire survey  

Case study 
 

In-depth and exhaustive interview with two irrigation farmers and two 
dry-farm farmers to collect detailed information about the subject  

Desktop 
reviews 

Google different documents, journals, and reports to develop a conceptual 
framework, and evaluate this study with previous studies  

 
3. 5. Data Analysis  
The study edited, coded and classified the field data so as to detect possible errors and outliers; 
reduce large quantities of raw data into manageable form; and make readymade for analysis. The 
study employed descriptive analysis and the propensity score matching model for the analysis of 
the data. Two-sample t-test was applied for comparing the present expenditure, income and other 
rural assets between the respondents who and who don’t participate in the small-scale irrigation 
schemes. The study used the propensity score matching model to identify the factors that affect 
for irrigation decision and also to investigate the impact of irrigation on household food security.  
 
3. 6. The P-Score Matching Model  
The objective of the study is to investigate the impact of small-scale irrigation on household food 
security. Accordingly, the study assessed whether or not the small scale irrigation schemes bring 
situational change in terms of income, expenditure and asset for the irrigation farmers. In order 
to do this, the study developed the stochastic model as follows. 
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Where, iY  (household food security) is the dependent variable and iX  is a vector of observed 
explanatory variables of the study. In this case, there is an endogeneity problem since irrigation 
is one of the observed characteristics. The question is to estimate the treatment effect of this 
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observational (non-experimental) study by comparing the average treatment effect between the 
irrigation farmers and dryfarm farmers of the study. This can be expressed as follows.  

)}(,1/{ 01 iiii XPDYYEATT                                                                     (2) 

Where, iATT  is an estimation of Average Treatment Effect between the treated and control using 

predetermined variables (Xi). iY1  and iY0  are the potential outcomes using the pre-defined factors 
if the farmer respectively is and is not treated. Because of self-selection bias problem, the study 
used a propensity score matching wherein it selects a control group that don’t participate in 
irrigation to resemble them with the treated group on the basis of similarity in the observed data. 
This reduces the effect of other external factors to the comparison because the matched pair of 
samples can be considered as a counterfactual to each other (Caliendo and Kopeinig 2008). Since 
the ATT might not be observed for some respondents, propensity matching method sets a 
conditional independence assumption in which all relevant differences between the two groups 
are captured by their observable variables (Xi). The mean of the potential outcome is the same 
after adjusting for observable differences. Both FPSSI and NFPSSI are matched on the basis of 
the propensity scores.  
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The propensity match can use different models to estimate the propensity score. The study uses 
the probit/logit model because participation in irrigation agriculture is not random rather affected 
by observed, unobserved or both factors (Huang et al. 2006); purposive placement and self-
selection into the program (Pufahl and Weiss 2009); and the data was cross-sectional and probit 
model is recommended for it (Caliendo and Kopeinig 2008). The irrigation participation model 
estimates the level of participation in the irrigation program and can be given as follows.    
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Where,  denotes the normal cumulative distribution function and )( iXf  represents a 
specification of the respondent practicing irrigation farming (Di=1 for those who participate in 
irrigation farming) determinants iX of which includes all the observed covariates as linear terms 
without interactions or higher orders terms that have an effect on the tendency to participate 
irrigation farming and household food security. This participation model is used to estimate the 
probability of participation or propensity score. The study derives the predicted values from the 
estimated participation equation, which represents the score of irrigation participation probability 
or propensity score (Khandker et al 2009). Every sampled participants and nonparticipant have 
an estimated propensity score, which is a continuous variable and can be expressed as follows.  
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The difference between the average outcomes of the two groups is the estimated effect of the 
access to irrigation if the resemblance is satisfactory (Caliendo and Kopeinig 2008). For the 
matching of participants to nonparticipants on the basis of the propensity score, there are four 
alternatives: nearest-neighbor, calliper (radius), stratification (interval) and kernel matching- that 
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are used to calculate a weight for each matched participant-nonparticipant set. For example, the 
stratification matching divides the data into five strata because five subclasses often sufficient to 
remove 95% of the bias associated with one single covariate (Stern et al. 2012). Accordingly, the 
impact of the irrigation is the mean difference in the outcomes between the treated and untreated 
group of each stratum. In each stratum or block, the average difference between outcomes of 
treated observations and control observations is estimated as follows.  
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Where, S
qAD is the average difference block q ; I(q) is the set of units in a block q ; T

qN and C
qN

are the number of treated and control units in the block q . Consequently, the estimator of ATT 
is computed as an average of each block AD (UNDP 2009) and is given by the below equation, 
where, Q is the total number of blocks. 
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The Kernel matching method uses weighted averages of all individual in the comparison group 
to make the counterfactual effect. The weights are calculated based on the distance between each 
individual from the comparison group and the treated observation of which the counterfactual is 
estimated (Caliendo and Kopeinig 2008). The Kernel matching ATT estimator is given by  
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Where, (.)G is a Kernel function and nh is a bandwidth parameter. The choice of bandwidth 
parameter is more important because it defines the fitness and the variance between the estimated 
and true underlying the density function. The researcher needs to consider the variance and the 
bias of the estimation at the same time while choosing the bandwidth parameter (Caliendo and 
Kopeinig 2008). After the matching process and producing significant propensity scores, the 
study compares the average outcomes of the matched respondent groups (treated vs. control) 
based on some comparison variables (e.g. farm chemical expenditure, food expenditure, health 
expenditure, education expenditure, household assets, and household incomes) to estimate 
whether there is a statistically significant effect of the treatment on the outcome.  
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Chapter Four Results 
The conceptual framework and research design of the study were already covered in the 
preceding chapters. This chapter, accordingly, presents the descriptive and econometric findings 
of the study and gives a brief overview of the constraints of small-scale irrigated agriculture.  
 
4. 1. Socioeconomic Characteristics  
Socioeconomic profiles of the respondents include sex, headship, occupation, religion, family 
size, education level, family sizes and special skills of the respondents. Table 3 shows that male-
headed household account about 58%. The proportion of female headed households is relatively 
higher for NFPSS (44%) than for the FPSSI (38%). The average age within the sample in 2012 
was 43 years. Of the sample respondents, 80% are Christian and 60% are married. About 16% of 
the respondents are actively involved in administrative positions in different governmental 
offices and rural associations. 
   .  

Table 3: Demographic characteristics of the sample respondents in 2012 (Mean) 
Household variables  FPSSI 

(n=37) 
NFPSSI 
(n=63) 

Samples 
(n=100) 

Chi-square/ 
T-value test 

Male-headed household 62% 56% 58% 0.518 
Christian religion  76% 83% 80% 0.407 
Married proportion  54% 63% 60% 0.648 
Leadership position   19% 14% 16% 0.542 
Age  (in years) 43 43 43 0.4432 
Agriculture-primary occupation 38% 43% 41% 0.622 
Head special skills 62% 52% 58% 0.341 
Literacy  rate of head 62% 43% 50% 0.050**3 
Family sizes 6.0 5.0 5.5 0.0367** 
Dependency ratio4 2.1 1.5 1.7 0.2077 
Adult equivalence5 5.3 4.2 4.6 0.0224** 

 
The agricultural sector is the backbone of the economy of low-income countries. Around 41% of 
the respondents primarily depends their livelihood on the agricultural sector and the remaining 
depends on different activities like petty trade, non-farm works and civil service. About 58% of 
the respondents do have special skills like carpenter, mason, pot-making, weaving, hairdressing 
and traditional healer. About 50% of the respondents are literate in different educational levels 
like religious school, literacy campaigns, formal school and vocational and technical institutions. 
The chi-square (for discrete) or t-value (for continuous) shows that there is no statistically 
significant difference (except education level) in the variables between the FPSSI and NFPSSI. 
                                                             
3. *** refers to level of significance at 1%; ** level of significance at 5%; and * level of significance at 10% 
4.  It is the proportion of members of the households whose age below 15 years and above 60 years per family members whose age between 18-60 years 
 

5. Adult equivalence scale captures the age and sex-based difference in earning and consuming capacities of the household members, and computed as an adult male 
and female (15-60 years) is assigned 1; male above 60 years is 0.67; female above 60 years 0.60; child (10-14 years) is 0.50; child (4-9 years) is 0.30 and children 
below 3 years is economically insignificant (Randela et al. 2000). 
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The family size has a strong relation with household resource endowment such as landholding 
size and income of the family. Family labor is also the major vital factor of production for both 
the farm and non-farm sector. Table 3 shows that the average family size of the study area is 
about 5.5, which is slightly higher than the regional average family sizes, 5 (BoARD 2012) and 
the average family dependency ratio is 1.7. However, not all members of the family are 
economically productive in terms of production and consumption. There are physically 
unproductive members due to differences in age and sex among the family members (Randela et 
al. 2000). The adult-equivalent in the study area is about 4.6. The table also explains that there is 
a statistically significant variation in the family size and labor availability between the irrigation 
and non-irrigation farmers in the study area at 5% level.  
 
4. 2. Access to Natural and Infrastructure Resources  
Farmland and animal resources are important in rural areas. They are basis for technology 
adoption, household resource endowment and developmental program intervention (Asayehegn 
et al. 2011, Kuwornu and Owusu 2012, Nugusse 2013). In Tigray region for example, animals 
and farmland have social, economic and financial implications. Households with large land sizes 
and more animal herds are considered as rich and are highly respected. Table 4 indicates that the 
animal and farmland resources ownership per household in the study area are about 3 TLU6 and 
2 tsimad7 respectively. The landholding in the area is slightly lower than the regional mean that 
is 2.3 tsimad (BoARD 2012).  19% of the samples are landless. 38% of the treatments have their 
own irrigated land while the remaining 62% have sharecropped or rented-in irrigated land from 
others. 33% of the non-treatment groups have irrigated farmland but they have sharecropped or 
rented-it-out to others. There are no statistically significant differences in accessing to animal 
resources and cultivated farmland between the treatment and non-treatment respondents. 
 
The availability and also accessibility to private and community resources have profound effects 
on ensuring food security and reducing rural poverty (Asayehegn et al. 2011, Ostrom and 
Basurto 2011). Grazing lands, woodlots and enclosure areas are essential resources in rural areas 
because they are community-based assets that positively and significantly determine the 
livelihood development. The study found that more than 40% of the respondents have an easy 
access to the communal resources. There are no significant differences in accessing to land 
grazing, woodlots and enclosure areas between the treated and control groups because they are 
owned and managed collectively. The group discussion participants explained that the resources 
are overexploited and under the risk of depletion due to the free access among the group 
members. Physical resources are also sources of information, awareness, change, development 
and new technologies (Asayehegn et al. 2011). The study found that there are no significant 
differences in accessing to primary schools, health centers, veterinary clinics and major markets 
between the treatment and non-treatment of the respondents. However, there are statistically 

                                                             
6. TLU (Tropical Livestock Unit) is international animal resources measurement unit wherein 1 TLU equals 1 camel, 0.7 cows, 0.8 oxen, 0.1 sheep/goat, 0.5 donkeys, 
0.45 heifer/bull, 0.7 mule/ horse, 0.2 bee colonies or 0.01 chickens (Randela et al. 2000). 
7. Farmland is measured using tsimad, in customary, four tsimad equals to one hectare, but not standard conversion factor. 
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significant differences in accessing to major roads, development offices and farmers’ training 
centers between the treatment and non-treatment respondents in the study area at the 5% level. 
 

Table 4: Resources availability and accessibility in the study area (2012) 
Type of resources  FPSSI 

(n=37) 
NFPSSI 
(n=63) 

Samples 
(n=100) 

Chi-square/ 
T-value test 

Livestock resources (TLU) 3.0 2.9 2.9 0.699 
Proportion of landless heads 19% 19% 19% 0.987 
Farmland sizes per head (tsimad) 2.15 1.86 1.97 0.369 
Access to communal grazing land 38% 45% 42% 0.107 
Access to communal woodlots and 
enclosures   

32% 46% 41% 0.182 

Owned rain-fed farmland (%) 78% 79% 79% 0.3255 
Owned irrigated farmland (%) 38% 33% 37% 0.8532 
Distance to primary schools (Min) 30 30 30 0.9939 
Distance to health centres (Min) 77 68 72 0.4042 
Distance to veterinary clinics (Min) 56 57 57 0.9267 
Distance to development agent 
offices and farmers’ training 
centres (Min) 

44 67 58 0.0381** 

Distance to all-weather rural roads 
(Min) 

20 39 31 0.0420** 

Distance to Woreda markets (Min) 139 154 146 0.3134 
 
4. 3. Food Availability and Requirement  
The study aimed at exploring the food production (cereals, pulses, fruits, vegetables, spice and so 
forth) and food requirement of the Tigray region and Atsbi-Wemberta woreda in order to test and 
check the first hypothesis of the study. Accordingly, the study assembled 10-years (2003-2012) 
data for population and food production of the region and the study woreda from the regional 
Bureau of Agriculture and Rural Development. Table 5 shows both rain-fed and irrigated based 
food availability and food requirement along with food security level in the region and woreda. 
 
The mean cumulative growth rate (CGR) of the regional and the woreda food grain production 
was about 15% and 32% respectively. The mean annual growth rate of the regional and the 
woreda population in the last decade was 2.3% and 2% respectively. The mean per-capita food 
production (food production per population) of the region and the woreda was respectively 4.45 
and 1.7 quintals per year. The recommended global cereal production was about 4 quintals per 
person (Li and Shangguan 2012). Households who have a food supply above this are considered 
as food secure while those who have less than this are considered as food insecure. Hence, the 
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woreda per-capita food grain is lower than that of the region. The region has been self-sufficient 
while the woreda has been self-insufficient in food production since 2008. 
 

Table 5: Population, food production and food requirement of the sample woreda 

Year 
Tigray region Atsbi-wenberta woreda 

Population 
Size 

Food crops 
(quintals) 

Per-capita 
food crops 

Population 
Size 

Food crops 
(quintals) 

Per-capita 
food crops 

2003 4113000 10964823 2.67 108700 109789 1.01 
2004 4223000 11703846 2.77 111323 112136 1.01 
2005 4335000 13956228 3.22 113966 116222 1.02 
2006 4449000 15607748 3.51 116632 148380 1.27 
2007 4565000 16386451 3.59 119357 195492 1.64 
2008 4688153 17982611 3.84 120097 80584 0.67 
2009 4664071 19609798 4.20 121329 280820 2.31 
2010 4802998 34063499 7.09 123684 305040 2.47 
2011 4929999 32961453 6.69 126618 377230 2.98 
2012 5062998 35232125 6.96 129525 390975 3.02 
CGR 2.34%** 15.44%*** 4.45 1.97%** 32.32%*** 1.74 

         Source (BoARD 2012)  
 
In 2012 the region had sufficient food production to meet the food demand (6.96 quintals per 
person) while the woreda per capita food production was 3.02. Food accessibility problem 
couldn’t occur in the region unless there was a distribution system problem. Based on the 2007 
census survey projection, the population in the region and woreda will continue to grow until 
2050 with an average growth rate of 1.9% (CSA 2012). If this is the case and supposing that the 
mean per-capita food production will remain constant, then, the estimated population and annual 
crop production of the woreda in 2014 will be 132077 and 397778 quintals respectively.  
 
Consequently, the per-capita food grain consumption in 2014 in the woreda will be 3.01 quintals.  
The woreda would require about 130530 quintals of additional food grain in 2014 to meet and 
sustain the food requirement. About 25% of the population (32632) will face food shortage 
problem unless the woreda produce addition food grain. Since the woreda has unreliable, erratic 
and untimely rainfall associated with limited farmland (BoARD 2012), the possible alternative to 
supply the additional food grain is through an expansion of small scale irrigation schemes.  
According to FAO (2011), an expansion of small scale irrigation schemes is the best option to 
meet the food demand of the population because it doesn’t require a huge investment, has the 
capacity to improve input productivity and enables farmers to produce two or three times.  
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4. 4. Irrigation Participation Model   
The number of farmers in the study area who are involved in irrigation has increased because of 
the diverse incentives from the government. However, there are still several farmers who don’t 
use irrigation. For example, some farmers who have irrigated land don’t use irrigation. Some 
farmers with no irrigated land also participate in irrigation. Irrigation decision is not an easy and 
is made within a wider context. This study identifies the potential factors that motivate farmers to 
practice irrigation farming using the participation probit model. The dependent variable of this 
model is the participation of the respondents in irrigation. Respondents who have used irrigation 
are considered as treated farmers (FPSSI) and assigned one while respondents who haven’t used 
irrigation until 2012 are considered as control farmers (NFPSSI) and assigned zero. This 
irrigation participation model also includes several explanatory variables including demographic, 
socioeconomic, village, institutional, welfare and other variables.  
 
The model estimates the factors that affect rural farmers to use irrigated agriculture. Since 
hetroscedasticity and multicollinearity are expected in cross-sectional data, the study addressed 
these problems via robust standard errors and VIF8 tests (less than 10).  The Wald chi-squares for 
an irrigation decision is 76.59 (P<0.0000) that indicates at least one of the independent variables 
of the model is different from zero. The Pseudo R2 indicates that around 65% of the variation in 
the irrigation decision model can be explained through the included parameters. Table 6 indicates 
that membership in rural associations, education level of the head, household sizes, distance to 
water point, distance to farmers training centers/development agent offices, distance to woreda 
markets, access to information sources, and distance to rural roads are variables that have 
statistically significant effect in explaining the probability to access irrigation. Alternatively, sex, 
marital status and age of the head, financial resources in terms of livestock resources and access 
to credit, farmland sizes, and land ownership have statistically insignificant effect in the model. 
 
The study also shows membership in rural association and education are important factors in the 
irrigation participation model. The probability to use irrigated agriculture is 5% higher for 
respondents who are members of rural associations compared to non-member respondents. The 
education level of the head is positively and significantly inspired the respondents to start 
irrigation farming. The probability to engage irrigated agriculture is 17% higher for literate than 
illiterate respondents.  When the household head has more than the average family sizes of the 
region, the probability to start irrigation is 4% higher than that of the family sizes lower than the 
regional average (Table 6). Thus, the rural associations, educational level and household sizes in 
the study area are important tools in the participation of irrigation decision. 
 
Distance from the farmland to the water point is an important factor that significantly influences 
rural farmer’s participation in irrigation. The probability to use irrigation farming is 25% higher 
for respondents who have access to irrigation water sources (river, spring, dam, groundwater 
                                                             
8 . It is Variance Inflation Factor that measures whether or not exact linear relationship exists between two variables. It is the reciprocal of the tolerance level 
(VIF=1/Tolerance, where Tolerance=1-R2). VIF above 10 indicates a multicollinearity problem so the variable needs readjustment (Becker and Ichino 2002). 
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well, etc.) within less than the mean distance (20 minutes) compared to those who don’t have 
access to irrigation water or who have access but above the mean distance. The shorter the 
distance between the water source and the farmland, the higher is the probability of the farmers 
to access irrigation agriculture, and the longer the distance between the irrigated farmland and 
the irrigation water point, the lower is the probability of the farmers to access and use irrigation. 
 
Table 6: Factors influence access to irrigation: coefficients and marginal effects of the model 
Variable Description Coef. dF/dx P>|Z| 
Malehead Headship of the family (1 if male headed and 

0 for female headed household) 
0.063877 0.0235608 0.843 

marital Marital status of the household head (1 for  
married household, 0 otherwise) 

0.4572428 0.1705716 0.174 

rurasso Member of any rural association (1 if 
member of an association, 0 otherwise) 

0.1847503 0.047105 0.051** 

hhage   Natural logarithm of age of the head (years) -0.0876904 -0.032414 0.839 
hhedu  Education level of the household head (1 if 

literate, 0 otherwise) 
0.4661722 0.1710033 0.048** 

tlu Livestock resources of the family (TLU) 0.0209951 0.0077607 0.790 
laborsup  Family sizes of the household head (number) 0.1013495 0.037463 0.096* 
credit Access to rural financial institutions (1 when 

the head has an easy access, 0 otherwise) 
0.1193612 0.0441209 0. 205 

irrwater Distance from farmland to available nearby 
irrigation water points like river, spring, dam, 
well and so forth (Min)  

-0.7317396 -0.2490842 0.027** 

infaccess  Access to information tools (training, kebelle 
position, mass media, public meeting, radio, 
mobile, TV etc (1 if has access and 0 if not) 

0.5910559 0.2101232 0.013** 

FTC-DA Distance from home to the tabia’s Farmer 
Training Center & Development Agent (min) 

-0.32528 -0.12024 0.039** 

d-market  Distance from home to woreda market (Min) -0.098593 -0.036444 0.101 
landhold Ownership of farmland (1 if the household 

head owns farmland, 0 otherwise) 
-0.3139973 -0.1195455 0.483 

d-road Distance to all-weather gravel or non-asphalt 
rural roads (Min) 

-0.054078 -0.019989 0.080* 

farm size Farm sizes of the family (Tsimad) 0.3657527 0.1351974 0.230 
Total number of obs. =100; )0000.0(59.76)15(. 2 XWald ; % correctly predicted (Pseudo R2) =0.649    
 
Information has a profound effect on the likelihood of access to irrigation. Moll (2004) argued 
that information is a source of knowledge, awareness and change. The necessary information can 
be accessed from training, demonstration or workshop, and through mobile, TV and radio. The 
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farmer training center is a source of information for the tabia resident. There are development 
expertises in the tabias who teach the local communities about the application of the new 
technologies. The probability to use and start irrigation for the respondents with information 
access is 21% higher than the respondents who have no easy access to information (Table 6).  
  
The longer the distance from home to the farmer training centers and/or development agent 
offices, the lower is the probability to start and use irrigation. The mean distance to get the 
services in the area is one hour. Respondents who live within a radius of one hour distance have 
12% higher probability to use irrigated agriculture than those who live outside the radius. Moll 
(2004) explained that the distance to rural roads is an important for development of agricultural 
sector. The probability to practice irrigation declines with higher distance to rural roads. The 
mean distance to the road is 30 minutes. The likelihood to participate in irrigation declines by 
2% as the distance from home to the rural roads increases by one minute. Thus, access to roads 
and farmer training centers are important parameters in the irrigation participation model. 
 
The study also identified the irrigation decision factors through opinion survey. Seven main 
factors were initially identified through the pilot survey and preliminary discussion with the 
woreda officials and experts. These reasons were included in the farmer survey and group 
discussion, and requested the participants to rank them. According to the NFPSSI, the main 
reasons that impede them to use irrigation agriculture are lack of know-how, insufficient water 
for irrigation, and lack of enough family labor to carry out the labor intensive irrigation 
activities. Lack of market for irrigation-based products, high time demanding of irrigation 
activities, and shortage of farmland are also mentioned as the next factors for irrigation decision. 
  

Table 7: Major factors that hinder rural farmers to use irrigated agriculture 
Why rural farmers not use and practice 
irrigated agriculture 

NFPSSI Survey FGD 
Obs. % Rank % Rank 

No/shortage of farmland for irrigation  6 10 6 9 6 
No/shortage of water for irrigation  12 19 2 23 1 
High investment for irrigation activities 4 6 7 7 7 
Lack of market for irrigated-products  8 13 4 14 4 
Lack of know-how and information  15 24 1 18 2 
High time demanding of irrigation  7 11 5 12 5 
No enough labor in the family   11 17 3 17 3 

 
The FGD participants were given 50 stone counters and ranked the main reasons accordingly. 
The main factors that constrain farmers to involve in irrigation farming are insufficient or 
unavailability of water for irrigation, lack of information access, small family sizes, limited 
market for irrigated products and high time demanding of irrigation activities. Oruonye 
explained the reasons for rejecting irrigation utilization are lack of farmland, information gap, 
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and lack of awareness (2011). Generally, the opinion survey and the probit model demonstrate 
that information access, water availability, labor supply and market size are the basic 
determining variables to participate in irrigated agriculture in the study areas.  
 
4. 5. Small-scale Irrigation and Input Adoption  
Farmers in Felegewoini produce wheat, barley, teff, pea, maize and bean using rainfall, and 
maize, chickpea, fruit and vegetable using irrigation water. Farmers in Haikmeshal produce 
millet, chickpea, sorghum, lentil and maize during the rainy season, and sorghum, maize, fruit 
and vegetable using irrigation water. This was concurrent to Hagos et al. 2009 report. The 
dominant crops in irrigated areas of Ethiopia are cereals (55%), vegetables and fruits (22%), 
pulses (10%), and others (e.g. spice, oil seeds, and etc.) (13%) and in the rain-fed areas are 
cereals (78%), pulses (16%), vegetable and fruit (3%) and others (3%).   
 
The group discussants explained that some decades ago, the farmers in the woreda used to 
produce the food grain in both the main and short rainy seasons. They didn’t use irrigation to 
produce food grain, rather, some spice. Recently, they have produced food grain only in the main 
rainy season because of no rainfall during the short rain (spring/autumn) season. However, the 
production in the main rain is not enough to meet the food demand of the family. For this reason, 
the farmers have used irrigation water as an alternative to produce mainly fruits, vegetables and 
some crops. In consequence, farmers produce crops using both main rainfall and irrigation water. 
Exploring the effect of irrigation on new technology adoption was an objective.  
 
The study asked the respondents whether they adopt new farm technologies, see Table 8. 79% of 
the control and 16% of the treated farmers have produced only staple crops while 21% of the 
NFPSSI and 84% of the FPSSI farmers have produced staple crops, fruits and vegetables. The 
chi-square test (p<0.000) of the production type shows that there is statistically significant 
difference between the treated and control farmers in the tabias in producing crops, fruits and 
vegetables. Thus, an expansion of small scale irrigation in the study areas has encouraged the 
rural farmers to shift from only staple crop production to diversified-based production system. 
 
Rural farmers vary in application of modern seed varieties. 84% of the control farmers have not 
used improved seeds in crops, fruits and vegetables production while only 16% have applied 
improved seeds. 76% of the treated farmers have used improved crop, fruit and vegetable seed 
while the remaining 24% have used traditional seeds. Overall, 38% of the samples have used 
improved seeds while the remaining 62% have applied conventional seeds. The chi-square 
independence test illustrates that there is a statistically significant difference in application of 
improved seeds between the irrigation-farmers (76%) and the dryfarm farmers (16%). Hence, 
irrigation farmers have given more focus to high value staple crops, fruits and vegetables.  
 

Table 8: Cross tabulation for agricultural inputs adoption by chi-square independence test 
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Respondents  
 Improved seeds Fertilizer inputs Diversified products  

Nonusers  Users  Nonusers  Users  Only  
Crops  

Crop, fruit, spice, 
vegetables  

Control 
(NFPSSI) 

Frequency  53 10 44 19 50 13 
Row % 84 16 70 30 79 21 
Column % 85 26 80 42 89 30 
Cell % 53 10 44 19 50 13 

Treated 
(FPSSI) 

Frequency  9 28 11 26 6 31 
Row % 24 76 30 70 16 84 
Column % 15 74 20 58 11 71 
Cell % 9 28 11 26 6 31 

Total 

Frequency  62 38 55 45 56 44 
Row % 62 38 55 45 56 44 
Column % 100 100 100 100 100 100 
Cell % 62 38 55 45 56 44 

Chi-square test  35.38 (0.000)*** 15.15 (0.000)*** 37.73 (0.000)*** 
 
The application of commercial fertilizers, pesticide, insecticide and herbicide in the production 
process of crops, fruits and vegetables was also explored. 45% of the sample respondents have 
used while 55% haven’t applied chemical inputs. Specifically, 70% of the NFPSSI haven’t used 
while 30% of them have used fertilizers, pesticides and insecticides. 70% of the FPSSI have 
utilized chemical agricultural inputs while 30% of them haven’t used. The independence of chi-
square test shows the statistically significance difference between the treated and control farmers 
in the application of chemical agricultural inputs at 1% level. Therefore, an irrigation practice 
has inspired farmers to use more of chemical fertilizers and other pesticides.  
 
In general, the result of the farmer survey and focus group discussion indicate that though both 
the control and treated respondents have used traditional inputs like manure, crop residual, 
compost and so forth, the treated respondents have applied higher amounts of improved seed 
varieties (76%) and chemical fertilizers (70%) than the rain-fed farmers, 16% and 30%, 
respectively. The proportion of respondents who are involved in production of diversified 
products (fruits, staple crops and vegetables) is higher for FPSSI (84%) than for that of the 
NFPSSI (21%) respondents. Thus, an expansion of small scale irrigation in the study area is an 
important tool to diversify farm produces and use more of modern agricultural inputs.   
 
 
 
4. 6. Small-scale Irrigation and Employment  
Unemployment problem- the proportion of the working population who is actively looking for a 
paying job and ready to work at the prevailing wage but couldn’t find a job- is a formidable 
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challenge in the Tigray region. The problem of unemployment is higher in rural areas than urban 
areas and sometimes reaches 25%, though the trend has been recently changing because of rural-
urban migration and expansion of non-farm businesses in rural areas (BoARD 2012).  
 
Expansion of irrigated agriculture is one of the government strategies to solve unemployment 
problem. For example, with erratic and seasonal rainfall, farmers are often remained idle during 
the dry-season. After construction and involvement in irrigation, the irrigation water can supply 
year-round production so that the rural farmers can enable to operate year round accordingly. 
Thus, irrigation schemes can generate employment to some members and nonmembers.   
 

Table 9: Employment opportunities generated through irrigation agriculture (perception) 

Employment questions 
FPSSI (n=37) NFPSSI (n=63) 
Obs.  % Obs. % 

Have irrigation schemes in the tabia generated 
employment opportunities for non-irrigation 
individuals in the tabia  

35 95 41 65% 

Has your irrigated farmland generated employment 
opportunities either to your family or other individuals 
from the tabia? 

37 100 - - 

 
The farmer survey and focus group discussion specify that irrigated agriculture has generated 
employment opportunities mainly to the family members of the FPSSI. All the sample treated 
respondents retorted that the irrigation scheme in the tabia has generated jobs to family members, 
mainly women and children. About 95% of irrigation farmers replied that irrigation has created 
job opportunity to poor non-irrigation farmers in the local communities during the preparation 
and harvesting periods while the figure for the control farmers is about 65% (Table 9). 
 
 
 
 
 
 
 
 
 
 
 
4. 7. Small-scale Irrigation and Income   
Groundwater and surface water are the major sources of water for irrigated agriculture, for 
example groundwater in Indian (Singh et al. 2009), river diversion in Kenya (Mati 2008) and 

Case Study1: G/Silassie G/Haweriat is 47 years old. He has five children. He has one tsimad groundwater-
based irrigated farmland. Before 2004, he had only a heifer and donkey. He couldn’t send his first-two 
children to school. He was mainly relied upon food aid and food-for-work activities. He had only one common 
room for persons and animals. In 2004, the local government and World Vision initiated him to produce high 
value crops, fruits and vegetables on his irrigated farmland. He has three and a half tsimad irrigated 
farmland through sharecropping-in (two tsimads) and renting-in (half tsimad) arrangements since 2008. His 
family members always work at the farm. Besides to his family, the farm has generated permanent jobs for two 
youth from the tabia and some occasional works during peak irrigation activities. By 2012, G/Silassie has a 
pair of oxen, motor pump, mule, three modern cows and more than 50 chickens. He has about birr 37000 in 
the Commercial Bank of Ethiopia. His house is iron corrugated and well furnished. He has separate room for 
animals and human. The last three children have access to education. His family can now cover their medical 
expense.  More than 70% of his annual income have earned from irrigation since 2010. He is one of the model 
and food secure farmers. He is now happy and satisfied being participated in irrigated agriculture.  
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spring water in Oromia region in Ethiopia (G/egziabher 2008). Some farmers in the woreda use 
river water, some also use groundwater and others use spring water. Table 10 explains that 30% 
of the FPSSI farmers have used local river-water for irrigation. 24% of the FPSSI have used 
spring water-based irrigation. Communal dam (22%), groundwater (14%), and private pond 
(11%) are the next main sources of water for irrigated agriculture in the study area. 
 

Table 10: Major sources of irrigation water and average irrigation income of FPSSI (2012) 
Irrigation sources Obs. Irrigation 

incomes (Birr) 
Total incomes 
(Birr) 

Irrigation income 
proportion9 

River diversion  11 (30%) 2240 6164 36.3% 
Spring water 9 (24%) 3295 6911 47.7% 
Groundwater well 5 (14%) 2443 5941 41.1% 
Private pond 4 (11%) 3922 7766 50.5% 
Communal dam 8 (22%) 2060 5084 41.5% 

  
Studies indicate that farmers have used different types of technologies (e.g. drip, canal, bucket, 
thread and motor pump) to uplift and/or distribute the water from the water point to the irrigated 
farmland (Asayehegn et al. 2011). The participants in the group discussion show that majority of 
the respondents have used simple irrigation technologies like canal, diversion structure and 
bucket systems while some have also used thread and motor pump. The local communities don’t 
prefer the communal dam and private pond because of huge financial requirement for 
construction and maintenance though these have recently propagated by several governmental 
and non-governmental organizations to enhance household food security in the region.  
 
The study compared the mean incomes that the FPSSI have earned from different irrigation 
systems through selling of irrigated crops, vegetables, fruits and straw residuals.  The mean 
annual income from a private pond in 2012 was about birr 3922 while from river-diversion 
irrigation was birr 2240. The irrigation farmers earned an average income of birr 3295 from 
spring irrigation and birr 2060 from communal dams. Table 12 shows that of the total incomes 
(birr 6900), irrigation income (birr 3295) from spring water accounted for about 48%. Farmer 
with river water-based irrigation earned an average annual income of more than 6000 where the 
irrigation income accounted for about 36%. Incomes from the groundwater, private pond and 
communal dam accounted for 41%, 50% and 41%, respectively, of the total annual incomes of 
the households. Higher income earned from private pond irrigation (51%).  Income from the 
irrigation agriculture accounted for more than 35% of the annual incomes of the rural farmers.  
 
 
 
 
                                                             
9 . The proportion of income of the respondent from irrigation activities divides to the total income of the respondent earned in a particular year. 

Case Study 2: Alem Legesse had an average annual income of birr 800 in 2006, which came from 
rain-fed crop production and safety net programs. Immediately after the promotion by Relief Society 
of Tigray (local NGO) and World Vision about the importance of small scale irrigation in the 
woreda, he has started irrigation in 2006 by sharecropping 2.5 tsimads irrigated farmland. He has 
more than 100 permanent fruits like apple, orange, papaya and coffee, and different types of animal 
forage like elephant grass.  Recently in May 2013, he has about birr 42000 in Awash Bank, and 
more than Birr 20000 durable assets. More than 80% of his annual income is from irrigated 
agriculture. He is now a model farmer in the tabia and has awarded a regional Madelia in 2011 for 
his commitment to escape from food insecurity problem. Thus, Alem is now exemplary about the 
small scale irrigation intervention to increase income and smash food insecurity problem.  
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4. 8. Irrigation and Food Security Analysis 
This study used consumption, income and asset to express food security. The study identified the 
different sources of income for the respondents and classified into (1) rain-fed crop production 
(2) animal and its by-products (3) irrigation-based crops, and fruits and vegetables (4) food-for-
works and safety-net programs (5) remittance from relatives (6) Non-farm activities (wood 
splitting, selling of scrap, petty trade, butchering and sale of firewood) (7) Special skill-based 
self-employment (masonry, carpentry, basketry, hairdressing, spinning, weaving and etc.). 
 
Table 11 describes different sources of incomes in 2012. The most important share or 40% of the 
total income of the FPSSI was earned from irrigation by selling crops, fruits, vegetables and 
residuals and then from rain-fed crop production agriculture (22%) while the counterparts earned 
from rainfall-based crop production (25%) and then animal husbandry (22%). The NFPSSI 
earned about birr 336 (10%) incomes from irrigation via sharecropping or renting irrigated land. 
Thus, irrigated land enables farm households to diversify their incomes (Asayehegn et al. 2011). 
 

Table 11: Average annual incomes of the respondents from different sources 2012 (Birr) 
Income sources FPSSI (n=37) NFPSSI (n=63) 

Mean % Mean % 
Rain-fed-crop production  1285 22 749 25 
Animal and by-products  1024 17 575 22 
Irrigation crops, fruits and vegetables  2667 41 336 10 
Non-farm activities 617 9 635 16 
Food-for-Works and safety-net works  215 4 649 20 
Remittance from relatives 125 2 54 2 
Special skill-based Self-employment  323 5 181 5 

 
The study also estimated the impact of small-scale irrigation on food security using the 
propensity score matching technique.  The study identified 15 variables for matching the treated 
(FPSSI) with the untreated (NFPSSI) farmers because, Becker and Ichino (2002) explained that, 
the coefficients in the results of the propensity score matching when the variables are less than 
10 might be biased and incorrect. Six variables including total income, food consumption, asset 
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building, school and healthcare expenditure, commercial farm-input expenditure and total 
household expenditure were used to measure the impact of the small-scale irrigation program. 
 
The study used logistic regression analysis to find how the stated exogenous variables influence 
the irrigation participation probability (FPSSI=1 or NFPSSI=0). The mean value of the estimated 
propensity score is 0.37, the average probability to participate in the irrigation program for all the 
respondents is 37%. The study checked the success of the matching for each explanatory variable 
using two- sample t-test (pstest command in stata) so as to calculate the bias before and after the 
matching for each independent variable, and test the hypothesis that there is no a statistically 
significant difference in mean value of the variables between the treated and untreated 
respondents after the matching process. The difference in the mean value for the majority of the 
independent variables between the FPSSI and NFPSSI was relatively higher before the matching 
though it reduced and become statistically insignificant after the matching process (see annex 1). 
Thus, the study rejected the alternative hypothesis for many of exogenous variables.  
 
The conditional independence and common support assumptions of propensity score matching 
were checked and fulfilled. The optimal number of blocks is five that ensures the mean 
propensity score is not different for the treated and control farmers in each blocks. Testing the 
balancing property of the propensity score is satisfied. The propensity score output generates 
very small probability of chi-square (prob>chi2=0.0261 and pseudo R2=0.764), which justifies at 
least one exogenous variable in the food security model is different from zero; and the 
explanatory variables explained 76% of the variation of the propensity score probit model.    
 
As a consequence, the output generated for the treatment farmers is similar enough to the control 
farmers. The values of the propensity score generated by the model is significant and the 
propensity score matching is appropriate in which the propensity score can be used in further 
steps as inputs in the estimation of the average treatment effect of the small scale irrigation on 
the food security (consumption, income and wealth accumulation). Four matching estimators are 
employed as robustness checks to estimate the ATT difference between the FPSSI and NFPSSI.     
 
Table 12 indicates the estimated average treatment effect (ATT) of the small-scale irrigation 
program on the basis of the propensity score matching.  The value in bracket is t-statistic 
bootstrapped. Only 49 different control respondents, for example using a radius matching 
method, have been matched to the 32 treated respondents. The study searches for matches of the 
treated respondents within radius of 0.005 (r=0.005). Khandker et al. (2009) explained that when 
the radius is chosen to be very small, many treated units may not be matched though the result is 
highly representative for the treated population.  
 

Table 12: Average treatment effects difference (ATT) of food security in 2012 (Birr) 
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PSM techniques    NN 
(FPSSI=30; 
NFPSSI=43) 

Radius 
(FPSSI= 32;  
NFPSSI=49) 

Kernel 
(FPSSI= 37;  
NFPSSI=53) 

Stratification 
(FPSSI= 37; 
NFPSSI=60) 

Total Income  3059,94 
(4.457)*** 

3161.49 
(2.154) ** 

3276.49 
(5.532) *** 

3461.251 
(6.838) *** 

Total  nonfood and 
food expenditure   

3544.96 
 (5.920) *** 

4306.85 
(3.502) *** 

3559.65 
(6.157) *** 

3266.987 
(5.500) *** 

Food consumption     2713.89 
 (5.791) *** 

3339.49 
(2.881) ** 

2821.75 
(6.641) *** 

2692.74 
(5.210) *** 

School and health 
expenditure   

130.78 
(0.706) 

159.16 
(0.672) 

123.93 
(0.840) 

74.46 
(0.748) 

Agricultural input 
expenditure   

306.27 
(4.456) *** 

419.67 
(2.739) *** 

297.19 
(5.070) *** 

282.92 
(4.642) *** 

Assets accumulation  2364.19 
(2.716) ** 

2762.52 
(2.652)** 

2252.84 
(2.476) ** 

2644.60 
(2.852) ** 

 
According to the result in Table 12, small-scale irrigation has positive and statistically significant 
effect on annual income, total food and non-food expenditure , food consumption, agricultural 
inputs expenditure and asset building of the respondents (P<0.05) but there is no statistically 
significant effect on health care and school expenditure. Both treated and untreated respondents 
have invested the same amount of incomes on health care and schools. Investment in irrigation 
scheme has no significant impact on education and health issue of the respondents.   
 
The average treatment effect of total income of the irrigation farmers in 2012 was birr 3162 and 
3461 using radius and stratification methods, respectively. This means that the average annual 
incomes for the FPSSI was Birr 3162 higher than that of NFPSSI. The ATT for agricultural 
modern inputs expenditure like fertilizers, pesticides, improved seeds and other farm tools for 
FPSSI was respectively birr 306, 420, 297 and 283 higher than NFPSSI using NN, calliper, local 
and interval matching methods. Therefore, the FPSSI have spent more incomes on chemical 
inputs than the NFPSSI and small-scale irrigation has cheered farmers to use more of fertilizer, 
pesticide and improved seeds and other agricultural technologies.  
 
Having the above good finding of the study, some studies explained that the propensity score 
matching sometimes produce bias result with small sample sizes. However, these studies didn’t 
specify how small the sample sizes should be (Becker and Ichino 2002, Heckman and Navarro-
Lozano 2004, UNDP 2009). In view of that, this study tried to crosscheck the correctness of the 
finding of the PSM using two-sample t-test method because this method is also used to calculate 
the average treatment effect of irrigation program on food security level of the study area 
 

Table 13: Average treatment effect on food security using two- sample t-test in 2012 (Birr) 
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Food security indicators   Treated group  
(FPSSI, n=37)  

Control group 
(NFPSSI, n=63) 

Two-sample  
t-statistic 

Total Incomes 6255 3178 0.000*** 
Food consumption 4478 1890 0.000*** 
School and healthcare expenditure  355 242 0.124 
Farm inputs expenditure 388 138 0.000*** 
Total food & nonfood expenditure  5882 2750 0.000*** 
Assets accumulation  4576 2252 0.043** 
Adult equivalent incomes 1696 1020 0.015** 
Adult equivalent consumption 1299 975 0.026** 

 
Table 13 compares the income, expenditure and assets between FPSSI and NFPSSI. The average 
income in 2012 was birr 6255 for FPSSI and birr 3178 for NFPSSI. The adult-equivalent income 
of the FPSSI was about birr 1696 and the corresponding figure for dryfarm farmers was about 
birr 1020. The mean total expenditure was birr 5882 for FPSSI and birr 2750 for NFPSSI. The 
adult-equivalent consumption on food and nonfood items for FPSSI was about birr 1300 and the 
NFPSSI was birr 975. The two sample t-test explains that there are statistically significant 
differences between the treatment and non-treatment respondents on total income, food 
consumption, agricultural input expenditure, total expenditure and household assets, and 
statistically insignificant effect on schooling and healthcare expenditure at the 5% level. 
  
The study explored the food security status of the woreda using the 2011 regional livelihood 
classification and perception survey. The study converted the current assets of the respondents 
(e.g. animals, income and assets) into adult-equivalent incomes and then classified into rich, 
middle and poor classes using the regional livelihood categories. As a result, about 16% of the 
FPSSI were poor in 2012 while the figure for the NFPSSI was 29%. More than 80% of FPSSI in 
2012 were grouped under the rich and middle classes while the figure for NFPSSI was 70%.  
 
The study also crosschecked the figures based on the Greer and Thorbecke (1986) food energy 
intake method. The cut-off value of per-adult-equivalent expenditure in 2010 in Ethiopia was 
estimated birr 870 (MoFED 2012). So, 79% of the FPSSI were food secure in 2012 while the 
figure for the NFPSSI was 36%.  The group discussants were asked to classify the farmers in the 
tabia into poor, middle and rich classes using 50 stone counters, and 25% of FPSSI were grouped 
in poor category and 40% were under the rich group. The figures for the dry-farm farmers were 
31% and 27%, respectively. Thus, the local perception and the regional livelihood surveys show 
that FPSSI farmers were relatively richer than that of NFPSSI using 2012 household data.  
 
 
 

Table 14: Livelihood status of the respondents using 2012 data (Local perception) 
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Livelihood 
status group  

Regional livelihood classification 
FGD Rank 

FPSSI (n=37) NFPSSI (n=63) 
Obs. Percent Obs. Percent FPSSI NFPSSI 

Rich 12 32 9 14 40 27 
Middle 19 51 36 57 35 42 
Poor  6 16 18 29 25 31 

 
The group discussion and the farmer survey illustrated that the irrigated agriculture has brought 
positive changes on income and expenditure, which enable them to send children to schools, 
cover medical expenses, purchase durables and build up assets, buy more food and non-food 
items, purchase farm chemical inputs, invest in hygiene and sanitation and take balance diet. The 
mean value of the total income, food consumption, asset accumulation, total expenditure on food 
and nonfood items, expenditure on chemical inputs are significantly higher for the irrigation 
farmers than the rainfall-based farmers using all the PSM and two-sample-t-test techniques at the 
5 % level. Thus, an expansion of small-scale irrigation has considerable impact on food security. 
 
4. 9. Constraints faced by Irrigation Agriculture  
The importance of irrigated agriculture in the woreda has significantly increased. It has become a 
major catalyst for employment and also food security. However, there are still several problems 
that the irrigation farmers have encountered and also retard the diversification and expansion of 
the irrigation sector.  This study identified several irrigation constraints using the pilot survey 
and preliminary discussion with woreda/tabia officials, and then the participants in the farmer 
survey and focus group discussion were prioritized them using relevance rating index.  
 

Table 15: Main constraints of irrigation agriculture by farmer survey and FDG 
Major problems of irrigation sector  FPSSI Survey FGD 

Obs. % Rank % Rank 
Lack of effective marketing system (low output 
price, lack of information, lack of training, no 
market infrastructure, and etc.) 

9 24 1 16 3 

Financial shortage for farm inputs (credit, high 
interest, high cost of chemical inputs, and etc) 

3 8 6 14 4 

Frequent incidence of pest, diseases, and others  4 11 5 8 6 
Weak and ineffective water users’ committee  7 19 2 11 5 
Land tenure system (government ownership) 2 5 7 5 7 
Lack of irrigation input supply (e.g. storehouse, 
limited varieties, shortage of fertilizer, etc)  

5 14 4 20 2 

Lack of sufficient irrigation water that leads to 
conflict over water uses  

7 19 2 26 1 
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Table 15 shows that major constraints of irrigated agriculture in the study area and the main 
problems include marketing, input supply, financial resources, irrigation-water committee 
leadership, water inadequacy, and pests and diseases. Lack of effective marketing system is a 
major problem for 24% of the treatment respondents while lack of sufficient water, and weak and 
ineffective water committee equally for 19% of the treatment respondents. 14% of FPSSI were 
faced lack of irrigation input supply like storage facilities and transportation. Financial shortage, 
and incidence of pest and diseases were also other constraints of the irrigation sector. 
 
The participants in the focus group discussion (FGD) ranked the constraints using 50 stone 
counters. They prioritized and, accordingly, lack of enough irrigation water and associated with 
water conflict accounted for about 26%, lack of irrigation input supply (20%), the limited output 
market for irrigation produces (16%), financial shortage (14%), weak irrigation-water users’ 
committees (11%) and incidence of diseases and pests (8%) were the respective major problems 
of irrigation sector in the study area. Thus, the main constraints of irrigation sector in the study 
area were mainly related to institution, market, infrastructure and input services.  
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Chapter Five Discussion 
This chapter discusses the main findings of the study that were presented in the prior chapter, 
and that were found through observation, interview, group discussion and literature survey. 
 
5. 1. Socioeconomic Profile and Access to Natural Resources  
Socioeconomic characteristics are important for technology adoption and sustainable 
development (Norton et al. 2010). The average literacy rate, dependence rate and family sizes in 
the study area in 2012 were about 50%, 160% and 6 members respectively. The literacy rate was 
lower than the regional figure (60%), might be due to remoteness, whereas the household sizes 
and dependence rate were higher than the regional ones- 5 and 135% respectively (BoARD 
2012). There are no statistically significant differences in household sizes and educational level 
of the heads between the irrigation and dryland farmers at the 10% level. The woreda has higher 
household sizes. The children help the rural family through looking after animals and working in 
on/non-farm activities. They are considered as a future asset during the old age owing to poor 
economic status and the absence of social institutions. However, the higher number of children 
has led to higher dependency burdens in the family. They have an adverse effect on economic 
growth and infrastructure services.  A young population also creates the so called hidden 
momentum of population growth. Thus, the government and other organizations should give 
proper attention to control the high family sizes and population growth in the study area.  
 
The occupational distribution shows that about 48% of the respondents have engaged in 
agricultural activities while the remaining respondents are involved in non-agriculture activities. 
Around 75% of the regional population relied upon agricultural activities (BoARD 2012). This 
justifies that more people of the study woreda have engaged in non-agricultural activities 
compared to the regional population. The limited amount of farmland and the frequent droughts 
have pushed the population of the woreda not to take agriculture as their only way of living and 
then to diversify into non-agricultural activities. Thus, non-farm activities are among the best 
options in areas with frequent droughts and limited cultivated farmland.  
 
Farmland is another socioeconomic variable that is vital for agricultural practice and livelihood. 
The average farm sizes and irrigated landholding in the study area are about 1.97 and 0.34 
tsimads, which are lower than the regional figures of 2.3 and 0.54 tsimads, respectively. 38% of 
the FPSSI have own-irrigated farmland while 62% of them don’t but obtain irrigated farmland 
through sharecropping/renting-in schemes. A similar study in the Tigray region shows that both 
irrigation users and non-users have an average land size of 1.1 and 0.627 ha, respectively. 5% of 
the irrigation users and 8% of the nonusers don’t own any parcel of land, accordingly, always use 
sharecropping or renting arrangement. 25% of the nonusers shared out their own irrigated 
farmland while 59% of the user households shared-in others’ irrigated farmland (Oruonye 2011). 
Thus, this study concluded that irrigated farmland is not a necessary condition to use and practice 
irrigation because some have little interest in irrigation though they have irrigated farmland. 
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Community-and private-based resources such as pasture, woodlots, enclosure and others are vital 
for the economic and social development of the rural economy as well as for sustainable natural 
resources management. More than half of the peoples in the study area have access to woodlots, 
grazing land, enclosures and so forth. There is no statistically significant difference in accessing 
to woodlots, grazing land, enclosures and farmland between the irrigation farmers and dryland 
farmers. Access to the community-based resources has enabled the respondents to rear animals 
and engage in activities like collection of firewood, construction woods and charcoal.  The off-
farm activities have intensified the farm production and enhanced the food production. However, 
since the land policy of Ethiopia doesn’t permit land ownership right, the participants in FGD 
and farmer survey explained that they are discouraged to undertake long-term irrigation 
investment (canal construction, deep ground well, etc.) and better management of the community 
owned resources because they don’t trust and feel secure on it. Insecure tenure limits farmers’ 
incentive in making long term development investment on their farmland (Norton et al. 2010). 
 
 5. 2. Determinants for Irrigation Farming  
Though irrigated agriculture provides greater opportunities and reduces risks, there are still some 
respondents in the study area who are not engaged in irrigated farming albeit they have irrigated 
land. This study asked why some of the respondents are involved in irrigation and others not, and 
identified the major factors that induce respondents to participate in irrigation using a probit 
model and focus group discussion. The results explains that membership in rural associations, 
educational level of the head, labor availability in the family, the availability of irrigation water, 
access to different information tools, distance to farmers’ training centers/development agent 
offices, and distance to all-weather rural roads are the most influential parameters that motivate 
respondents to use irrigation. However, gender, marital status and age of the head, livestock 
resources (TLU), credit access from rural financial institutions, distance to woreda market, 
landholding sizes, and land ownership are the determinant factors that don’t have statistically 
significant effect in explaining the irrigation decision model.  
 
Previously, different studies have conducted to explore the factors that affect participation in 
irrigated agriculture. Like this study, the studies (Dillon 2008, Swamikannu and Berger 2009, 
Dillon 2011, Kuwornu and Owusu 2012, Bacha et al. 2011, Asayehegn et al. 2011) found that 
education level of the head, distance to the roads, distance to markets, distance to rivers, 
household sizes, access to market information, type of peasant associations, and training are 
statistically important factors to participate and engage in irrigation farming. Unlike this study, 
these studies also found that livestock units, gender of the head, age of household head, 
landholding, access to credit from financial institutions and farmland sizes are variables that 
statistically and significantly explaining the participation in irrigated agriculture. The deviation 
on some of the factors that explaining the participation in irrigated agriculture might be due to 
socioeconomic, location, institution, demographic and other factors.  
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Rural associations 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). The finding of this study shows that rural associations have a 
statistically significant influence in explaining the irrigation participation decision. Respondents 
who are members of rural associations have higher (5%) probability to access and use irrigation 
than respondents who are not members of the associations. Similar finding was found by 
Asayehegn et al. (2011) in which the ratio of small scale irrigation user to nonuser farmers who 
are members of the formal and informal institutions (water user association, peasant associations 
and local leadership) exceeds by 47.7%. Bacha et al. (2011) found the type of peasant 
associations has positive and statistically significant effect in explaining the farmers’ likelihood 
of access to irrigation. Thus, rural associations are one of the main factors that importantly 
prompt rural people to access and use irrigation in the study area.    
 
This study shows that initial investment doesn’t matter to use irrigation because the participants 
in the group discussion explained that the government has provided financial, technical and 
material support to farmers who have initiated to start irrigation. For this reason, livestock 
resources (TLU) and access to credits don’t have statistically significant effect on the decision to 
use irrigation. Unlike this study, in a study by Mati (2008) the investment cost is the most 
determinant factor for irrigated farming decision. Similar to this study, Bacha et al. (2011) 
however found statistically insignificant difference in access to credits between irrigators and 
non-irrigators - 37% of the irrigators and 33% of the non-irrigators had access to credits. Thus, 
financial resource may or may not be important in explaining the farm households’ participation 
in irrigation depending upon other parameters, for example, government support.  
 
Information access motivates households to adopt new technologies (Nugusse 2013).  Education 
plays a key role in household decision for technology adoption (Asayehegn et al. 2011) and can 
bring positive attitudinal changes (Hanjra 2009). This study explains that respondents who have 
access to information, and education have higher likelihood to participate in irrigation compared 
to their counterparts. For example, literate respondents have 17% higher probability to use and 
access to irrigation than the illiterate respondents. Respondents with information access have 
21% higher likelihood to participate in irrigation than that of counterpart respondents. Hanjra 
(2009) found that one grade increase in educational level increases the probability of adopting 
new technologies by 2.7% but, unlike this study, the value of mass media and communication 
facilities in irrigation participation was insignificant and weak. Educational standard in south 
eastern and northern part of Nigeria was lower for dryland farmers than irrigation farmers 
(Dauda et al. 2009). 75% and 29% of the irrigation users and nonusers have respectively access 
to fixed telephone, mobile and person-to-person sharing (Asayehegn et al. 2011). So, information 
and education are the basis for awareness, and adopting new agricultural technologies.   
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Irrigation in low-income countries is naturally labor and time intensive. This study indicates that 
households with larger family (above the regional mean family sizes) have a higher (4%) 
probability of participation in irrigation than households with small household sizes. Bacha et al. 
(2011) reports a similar finding -a unit increase in household size increases the likelihood of 
participation in the irrigation scheme by 32.4%, but only up to a certain point, keeping other 
factors at their mean levels. Asayehegn et al. (2011) explained that since significant difference 
exists in household size between users (6.43) and nonusers (5.15), labor availability in the family 
is an important factor that influences households’ decision to participate in small-scale irrigation. 
Thus, a bigger family size has higher probability to use irrigation than a small family size. 
 
The presence of wide markets for produces is an important factor for inspiring respondents to 
participate in irrigation. Narrow markets always discourage farmers to produce more.  
Nevertheless this study found that the distance to the main woreda market has a statistically 
insignificant effect for both respondents (FPSSI and NFPSSI) to participate and use irrigation at 
5% of level. Unlike this study, Bacha et al. (2011) found that the probability of participation in 
irrigation for a household with a reasonably good access to market information and wide markets 
was nearly twice that of household with no access to market information and only local markets. 
Presence of wider market for agricultural products notably determines participating in irrigation 
farming. Thus, the longer the distance from home to woreda market, the limited is the market 
information that the rural people have, and the lower is the probability to participate in irrigation.  
 
Proximity to irrigation services and facilities, for example, the distance to farmers’ training 
centers, development agent offices, rural roads and so forth, significantly matter for participation 
in and access to irrigation by farmers. This study shows that the probability to access and use 
irrigation is inversely related to the distance to the infrastructure services. Bacha et al. (2011) 
found the same result -91% of the irrigators had access to rural roads while the corresponding 
figure for non-irrigators was 42%. They also found statistically significant difference between 
irrigators and non-irrigators in access to extension workers in the areas.  Another study also 
found statistically significant differences between irrigators and non-irrigators in access to roads 
at 10% level (Dillon 2011). Thus, irrigators have more contact with extension officers than non-
irrigators. The shorter the distance between the farmland and the area where the services are 
found (rural roads, extension offices, farmers’ training centers and so forth), the higher is the 
probability for the farmers to access and use irrigated agriculture. 
 
Sufficient availability of water sources is important for the development of irrigation. It is very 
difficult for irrigated agriculture unless there is an adequate water source. The finding of this 
study indicates that the distance between the water point and the irrigated farmland has a 
significant and an inverse relationship with the probability of the farmers’ participation in 
irrigated agriculture. The longer the distance between the water sources and the residence, the 
lower is the likelihood of the respondents participating in irrigation schemes. This might be due 
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to the opportunity cost of time travelling. Dauda et al. (2009) found the same relationship 
between the farmers’ participation and the distance from water source to residence. Keeping 
other variables constant at their respective mean level, the probability to participate in irrigation 
increased by 19.7% as the distance from water source to residence reduces by one kilometer. 
Thus, the differences between the treatment and non-treatment respondents in the study area are 
mainly on information, knowledge, labor supply and proximity to different rural services.    
 
5. 3. Irrigation, Input adoption and Production  
Irrigated agriculture is basic for input adoption, food security and economic growth (Hagos et al. 
2009). Since the woreda has limited farmland, and unreliable, erratic and untimely rainfall, 
expansion of irrigation schemes is a feasible option rather than the horizontal expansion of 
cultivated farmland.  In view of this, the government has made an investment in irrigation 
schemes. This study explored whether or not the expansion of irrigation farming has enabled 
farmers in the woreda to produce market-oriented and use of more of modern farm technologies.  
 
The study found that about 84% of the FPSSI have produced high value staple crops, fruits and 
vegetables while the figure for the NFPSSI is about 20%.  Similar results were found in other 
studies, for example, Oruonye (2011) explained that 60% of the irrigation farmers have produced 
vegetables and fruits in the irrigated farms while the remaining produced a combination of crops, 
vegetables and fruits. The world production of cash crops, fruits and vegetables has increased 
approximately by 40% in the last two decades because of the expansion of irrigation schemes 
(FAO 2011). More than 70% of the irrigation farmers in rural China prioritized to (produce) cash 
crops than the subsistence crops (Fanadzo 2012). Therefore, introduction and expansion of 
irrigation sector is a vital tool to produce diversified and multiple products. 
 
Irrigation encourages the use of improved seed varieties (Hagos et al. 2009). The finding of this 
study shows that more than 70% of the treated group has used improved seed varieties while the 
figure for the control group is about 16%. The usage of improved seed varieties is significantly 
higher in irrigated farms than that of the rain-fed farms. The same result was reported in India 
where per-acre input requirement (fertilizers, improved seeds, pesticides or labor) was 3.7% 
higher in the canal irrigation areas than in non-irrigating areas. The synergy or complementary 
between the use of irrigation and other innovations (improved seed and fertilizer technology) 
was strong and statistically significant at the 5% level (Oruonye 2011). Thus, irrigated farm have 
used more of improved seed varieties than that of rain-fed farms.  
 
Irrigation initiates more and better use of chemical inputs (Haddad et al. 2011). This study found 
that FPSSI have used higher (70%) amounts of chemical inputs (fertilizers, pesticides and 
insecticides) compared to NFPSSI (30%). The woreda also reports the same result. The 
proportion of farmers that used fertilizers in rain-fed farm in 2011 was 28% while in the irrigated 
farmland it was 71%. The annual amount of fertilizers used was about 500 quintals, from which 
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70% was used utilized on irrigated land (BoARD 2012). Irrigation in India has improved the use 
of improved seeds and chemical fertilizers. Statistically significant difference was found in the 
use of improved seeds and chemical fertilizers between irrigation users and nonusers at 5% level 
(Oruonye 2011). The global use of fertilizers between 1974 and 1998 was tripled, and crop 
yields were 50% higher in irrigated farms than that of non-irrigated farms (Bhattarai et al. 2007).  
 
The results of the group discussion and farmer survey show that farmers have obtained higher 
yields in irrigated farmland than that of non-irrigated farms due to the use of improved seed 
varieties and chemical farm inputs with diversified products. Other empirical studies also report 
similar findings.  Wheat grain yield in Syria under low, medium and high rainfall with 
supplementary irrigation of 180, 125 and 75mm was respectively increased by 400%, 150% and 
30%. The wheat yields in Arab countries were statistically higher in supplemental irrigation (3 
tons/ha) than in purely rain-fed condition (1.25 tons/ha) (Haddad et al. 2011).  Irrigation in China 
increased the yields of wheat by 18%, coarse grains by 32%, maize by 29% and cotton by 28% 
(Hussain et al. 2006). The production for irrigation farmers in Northern Mali has increased more 
than threefold over eight years compared with farmers without irrigation (Dillon 2008).  
 
Generally, diversification of production and marketable products along with the use of improved 
seed varieties, chemical fertilizers and other inputs have been promoted with the expansion of 
irrigated farming in the study area. This is because fruits and vegetables require more of 
fertilizers and other chemical farm inputs. Rainfall-based crops use less of chemical inputs than 
irrigated-based crops. The incomes from irrigation can also enable the farmers to afford the high 
price of the commercial farm inputs and improved seed varieties. Therefore, FPSSI have 
produced diversified produces (84%), and used a higher proportion of improved seeds (76%) and 
chemical fertilizers (70) while the figures for NFPSSI are 21%, 16% and 30%, respectively.  
 
5. 4. Irrigation and Food Security   
The regional government of Tigray with other organizations has made a huge investment in 
small-scale irrigation schemes in order to solve the unemployment and food insecurity problems. 
Technical, financial and material supports have been provided for those persons who have an 
interest to start irrigation. Accordingly, study explored whether or not expansion of irrigation 
schemes in the study area has generated employment opportunities, and found that irrigation 
schemes have created a significant level of jobs to the members and non-members. Previous 
studies found equivalent results; irrigation in Nigeria has provided significant level of full time 
(55%) and part time (45%) employment (Oruonye 2011). Though there was no significant effect 
on the hours children spent on farming, the hours they spent on schooling was decreased by 10.7 
to 12.4 hours per week to households with access to irrigation compared to counterparts (Dillon 
2008). Thus, irrigation requires more labor to execute the activities.  
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A study in Ambo (Ethiopia) shows that there was an increase in the workforce within an irrigated 
households than non-irrigated households and concluded that irrigation has positive impact on 
employment (Bacha et al. 2011). Labor demand was 21% higher in the irrigating areas than in 
non-irrigating areas (Norton et al. 2010). Irrigation in Nigeria is a source of employment during 
the slack period of rain-fed agriculture. Labor consumption ratio of irrigated farming was also 
three times higher than rain-fed farming. Irrigation farmers also acquire additional labor besides 
the family members through hiring and labor exchange mechanism (Asayehegn et al. 2011). 
Thus, irrigation is a labor-and time-intensive in nature compared to rain-fed farming so irrigated 
farming generates significant level of employments than that of rain-fed farming.   
 
The study also explored the effect of small scale irrigation on household incomes. The finding of 
this study illustrates that irrigation scheme is one of the sources of household income. The FPSSI 
earned nine times higher incomes from selling of irrigation produces than the NFPSSI. The 
irrigation incomes have covered more than 35% of the annual incomes of the irrigation farmers. 
Other studies reported similar findings, for example, the income earned from irrigation farming 
in Taraba State (Nigeria) ranged from USD1000-1330 per annum that accounted for about 30-
40% of the total income (Oruonye 2011), the mean income of irrigated farm households in Ambo 
(Ethiopia) has increased by 67% and by 22% for the rain-fed farmers between 2007 and 2010 
(Asayehegn el al. 2011), irrigated income in Ghana accounted for about 30-50% of the 
household incomes (Kuwornu and Owusu 2012), and incomes from irrigated plots in Oromia 
region (Ethiopia) shared 10-300% of the total incomes of the households (Eshetu 2010).  
 
Because of the introduction of irrigation schemes in Nigeria, the income of farmers increased up 
to 65% for vegetables, 334% for wheat and 497% for rice. The average net irrigation income was 
USD915 (Dauda et al. 2009). In China that irrigation income accounted for about 12% of total 
income for dryfarm farmers whereas the figure for irrigated farmers was about 43%. The annual 
per capita income of irrigation farmers was 40% higher than non-irrigation farmers. The revenue 
from irrigated plots in China is 79% higher than that of non-irrigated plots (Hussain et al. 2006). 
World Bank (2010) study shows that the income of irrigators in Nigeria has increased by more 
than 50% in wetland and by more than 80% in the dry Savannah zone in between 2004 and 2006 
(Cited Chazovachii 2012). The annual per-hectare income of the irrigation farmers (USD323) in 
Ethiopia is about 120% higher than the rain-fed farmers (USD147) (Hagos et al. 2009). 
 
When the study probed the consumption expenditure and income budgeting, the consumption of 
food and nonfood items in 2012 for FPSSI was more than 100% higher than that of NFPSSI. The 
annual consumption expenditure per adult equivalent was birr 324 (33%) higher than that of the 
NFPSSI. The income allocated to agricultural chemical inputs (e.g. pesticides, improved seeds 
and others) were 180% higher for FPSSI than the NFPSSI. The annual income of irrigation 
farmers in 2012 was 97% higher than that of non-irrigation farmers. The per-adult equivalent 
annual income of FPSSI was birr 676 (66%) higher than the NFPSSI. This finding goes side to 
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side with Dillon (2011) study in Northern Mali; the annual consumption per capita for irrigation 
farmers (USD450) in 2010 was 18% higher than the farmers without irrigation (USD380). The 
annual household expenditure per capita in irrigating farmers in Ghana was 11% higher than that 
of non-irrigating farmers. Irrigator farmers have also allocated 20% higher incomes to modern 
farm inputs than non-irrigator farmers (Kuwornu and Owusu 2012). 
 
Bacha et al. (2011) found that irrigation significantly increased the level of total household 
consumption per adult equivalent (P<0.01) using Heckman model. A hectare increase in irrigated 
area would increase the total consumption expenditure of irrigation households by birr 1450. The 
mean income and consumption expenditure of Tigray region in 2010 was birr 3738 and 3192 
respectively. The mean adult-equivalent family size of the region in 2010 was 4.2 (BoARD 
2012). The mean per adult equivalent income and consumption expenditure of the study area in 
2010 were birr 890 and 760 respectively. This study found that the mean annual income and 
consumption expenditure per adult equivalence for FPSSI in 2012 were birr 1696 and 1299, and 
the figures for NFPSSI were birr 1020 and 975 respectively. Thus, the mean expenditure and 
income for irrigation farmers in the study area was significantly higher than the dryfarm farmers.  
 
Irrigation farmers are in a better position to earn more income and invest in capital items. This 
study found that the asset accumulation in the study areas in 2012 was 100% higher for FPSSI 
than NFPSSI. Similar to Dillon 2011 finding, the non-irrigators in Ghana have lower level of 
farm capital (25346 FCFA) and durables (115636 FCFA) than irrigators, 65763 and 257224 
FCFA, respectively. The total value of asset owned by irrigators in Ethiopia is significantly 
higher than that of non-irrigators. A significant difference in poverty incidence between 
irrigators and non-irrigators was also found. 63% and 35% of non-irrigators and irrigators, 
respectively, were estimated to be below the poverty line. The poverty gap index was 10% for 
irrigators and 21% for non-irrigators (Bacha et al. 2011). Since the income earned from 
Nyanyadzi small-scale irrigation scheme in Zimbabwe was 80% higher than the dryland farming, 
the irrigation farmers have invested more on telephones, schools, clinics and other rural 
infrastructure than to the non-irrigation farmers (Moll 2004).  
 
Investment in irrigation, human capital, roads and communication, and other complementary 
services are important factors for poverty reduction and sustainable development (Hanjra 2009). 
The incomes that farmers earned from irrigation in China have afforded to meet some basic 
requirements like sending children to schools, buying groceries for the family, visit relatives in 
distant areas, and afford cellular phones. The income also enables the farmers to acquire assets 
like scotch carts, wheelbarrows and livestock (Chazovachii 2012). The participants in the Hama 
Mavhaire irrigation in Zimbabwe in 1992 have increased their income from US$280 to US$2800 
per hectare per year, which enabled them to buy between one and four heads of cattle, and built a 
brick or corrugated iron sheet house (Chazovachii 2012). Thus, irrigation is basic to diversify 
and improve asset holdings of the rural communities. 
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The income budgeted for education and healthcare in 2012 in the study area was the same for 
both FPSSI and NFPSSI. Unlike this study, that found investment in irrigation schemes has no 
significant and positive impact on the human resources development such as education and 
health social services, Todaro and Smith argued that people with higher income can necessarily 
invest more on education and health than people with lower income (2011). Irrigator farmers in 
Kenya allocated 31% higher income to schooling and health care services than the non-irrigator 
farmers (Mati 2008).  This insignificant effect might be due to the reason that investment in 
health and education has a long term effect but its short effect is not easily visible. Thus, the 
investment on irrigation schemes can have a dynamic effect on the households’ budget allocating 
for education and health services, and can be easily and boldly seen in the long term.  
 
In general, the study estimates the impact of irrigation on household food security using the 
propensity score procedure and two-sample t-test and found that there are statistically significant 
differences in annual income, asset holding, food consumption, and chemical farm input 
expenditure between the treatment and non-treatment respondents. Though the total income and 
total expenditure of the irrigation farmers in the study area have significantly increased, 
allocating more income to education and healthcare is not among the household strategy so that 
both irrigation and dryfarm farmers have allocated the same amount of income to education and 
health services. The expansion of irrigation schemes in the study area have encouraged rural 
people to use more of modern agricultural technologies, diversify their income sources, built up 
asset holding, and ensured food security.  
 
5. 5. Constraints of Small-scale Irrigation Sector  
Farmers have faced some challenges to expand and diversify the irrigation schemes. The farmer 
survey and FGD indicated that the constraints of the irrigated agriculture in the study area are 
lack of sufficient water and conflict over water uses, lack of effective marketing system, lack of 
input supply and irrigation facilities, weak and ineffective water users’ association, lack of 
money for operation and maintenance, presence of pests and diseases, and unclear land tenure 
system. Similar to this study, irrigation sector in China encountered several constraints, for 
example, water insufficiency, unclear land property right, lack of technologies, fragmented 
farmland, lack of capital for inputs, lack of access to fertilizers and seeds, inadequate extension 
services, lack of knowledge, low level of education, limited market and poor institutional 
arrangement (Kuwornu and Owusu 2012, Dauda et al. 2009, Hanjra 2009, Fanadzo 2012). 
 
Like the problems in northern Ethiopia, this study found, the main problems of irrigation sector 
in Zimbabwe were lack of capital for input acquisition, narrow markets, high water pricing, labor 
and transport. The irrigation farmers had problem in securing capital to buy inputs like improved 
seeds, fertilizers and farm tools. Lack of reliable market to sell irrigation produces was another 
challenge. Some farmers also couldn’t afford the high irrigation water tariff charge in the 
country. Furthermore some farmers were complained about the bad nature of the rural roads and 
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the shortage of public vehicles (Chazovachii 2012). Water shortage, instability, limited market 
and unpredictability were the main problems of irrigation in Kenya (Mati 2008). Thus, the 
irrigation sector in different countries faced different problems depending upon the existing 
economic, political and social factors.  
 
This study illustrates that insufficient irrigation water is the main challenge. First, the distance 
between two adjacent irrigation water sources (e.g. ground well) is shorter than the 
recommended mean distance of the woreda (350m), BoARD 2012.  Second, there is an 
increasing of density in the number of wells because of increasing of the farm population. Third, 
there is an erratic and insufficient rainfall in the areas. Fourth, there are no perennial sources of 
water (e.g. rivers) for irrigation purpose. Accordingly, there is an intensive use of water in the 
specific water point. The water recharge of the ground water is also very low. These have 
resulted in depletion of ground water table overtime. Some of the water sources (e.g. wells) have 
dried. As a result, farmers are forced to dig in depth or construct new wells. Thus, this 
insufficiency of irrigation water is the main problem of irrigation farmers in the study areas.  
 
Local institutions are also important for the success of irrigation sector. Ostrom and Basurto 
argued that institutions (rules, laws, norms, conventions) and institutional linkage (structure and 
social interaction) are important and greatly influence the successful adoption of technologies 
(2011). Accordingly, the irrigation communities have organized water users’ committees with 
five members. The committee prepares bylaws of the irrigation schemes with main functions to 
distribute water to members based on commonly agreed schedule; clear and maintain of earth 
canals; guard the structures against damage and thefts; settle any sort of disputes among 
members; refer some complicated cases to the tabia court; penalize non-conforming members 
based on the group bylaws; and assist extension workers in coordination and input distribution 
(fertilizers, improved seeds, chemicals, storage facilities and so forth).  
 
The farmer survey and FGD of the study show that the members of the water committees are 
reluctant to take actions on those who don’t abide by the group bylaws.  They don’t want to 
quarrel with their neighbors. When the canals from the watercourse to the command areas 
destroyed during the rainy season, the committee is inefficient to coordinate the people and 
motivate them to clear the watercourse and maintain the destroyed structures. Consequently, the 
committee is weak to enforce the group bylaws and inefficient to coordinate members in 
maintaining the watercourse canals. Ostrom and Basurto (2011) argued strong institutions like 
farmer organizations are helpful to overcome barriers and reap the learning curve of technologies 
(e.g. irrigation) otherwise can lead to the failure of adopting the technologies. 
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Lack of effective marketing system is another constraint for irrigation sector. According to the 
FGD, irrigation farmers have produced market crops, fruits and vegetables, which are price 
inelastic and perishable (Oruonye 2011). They have no appropriate irrigation infrastructures (e.g. 
cold storage services, transport, post-harvest handling and so forth). There are also no agro-
processing industries in the region. As a result, farmers have suffered during excess production. 
For example, prices immediately go down with high supply so the farmers couldn’t store to sell 
latter due to lack of storage facilities. They couldn’t sell their produces elsewhere because of lack 
of transport services. They couldn’t contact wholesalers/retailers on account of weak bargaining 
and lack of market information.  The farmer survey also shows that the products don’t meet the 
requirements of product range, quality, and continuity due to lack of market infrastructure and 
lack of market knowledge.  
 
The FGD and farmer survey confirm that the supply of improved seeds and chemical inputs is 
limited, on the one hand, and beyond the affordability of the local farmers, on the other hand. 
This is the same result as Oruonye 2011 that lack of adequate startup capital and insufficient 
supply of irrigation inputs are the main problem. The limited supply of modern farm inputs for 
irrigation of agricultural inputs and financial resources to afford the expensive price of farm 
inputs are among the major constraints for the growth of irrigation sector in the woreda. Because 
of the unavailability of chemical inputs, often occurrence of pests and diseases is also against the 
irrigation farming. Government ownership for land, that gives the right to use but not the right to 
completely own, discourages farmers to undertake long term investment in irrigation schemes 
(e.g. planting permanent fruits, construction of canals, etc.). Thus, shortage of input supply, lack 
of money for inputs and land ownership are among the constraints for irrigation sector.    
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Chapter Six Conclusion and Recommendation  
In this chapter, the major findings of the study will be summarized. Subsequently, some policy 
implications that shall require an attention from the government, local communities and non-
government organizations would be drawn. At the end, some points related to irrigation farming 
in the woreda that require further investigation will be suggested.  
 
6. 1. Conclusion  
The government of Tigray region (Ethiopia) has given attention to small scale irrigation so as to 
reduce the frequent drought and food insecurity problem in the region. The government has 
technically and financially supported the rural people to participate in irrigation activities. This 
study randomly selected Atsbi-Wemberta woreda (from the region) in which two tabias 
(Felegewoini from temperate agro-climatic zone and Haikmeshal from warm temperate zone) 
were randomly selected to investigate the impact of small scale irrigation farming on household 
income, employment and food security. The necessary cross sectional data were collected from 
100 sample respondents (37% of the respondents are irrigation farmers while 63% are rain-fed 
farmers) using farmer survey and focus group discussion. The fieldwork data were analyzed 
using mean comparison of two sample t-test and the propensity score matching method.  
 
The study reviewed 10 years (2003-2012) secondary data on population and food production of 
the region and the study woreda. The data explains that the average domestic food production per 
person for the region and the woreda was respectively 4.45 and 1.7 quintals per year. Given the 
four quintals globally recommended per-capita food production, the study woreda was not self-
sufficient in food production while the region had sufficient amount of food production to meet 
the food demand in the region. From the food availability perspective, the study woreda had, on 
average lower per-capita food grain than that of the region, which justifies that the woreda had 
more food insecure people. From the perspective of food accessibility principle, the study 
woreda never had more food insecure people than the region unless there was not good food 
distribution system. In general, the woreda has, however, still a serious of food deficit problem.  
 
This study investigates the main factors that explain rural people to participate and access to 
irrigation using participation probit model and focus group discussion. The finding of the study 
describes that education level of the household head, household family sizes, membership in 
rural associations (social networking), distance from the water-point to the farmland, distance 
from home to farmers’ training centers (or development agent offices), distance from home to 
all-weather rural roads, and access to information media are the major factors that statistically 
significant in explicating rural people to practice irrigation at the 5% level. For example, the 
probability to participate in and access to irrigation is 17% higher for literate respondents than 
the counterpart respondents.  However, sex, marital status and age of the household head, 
financial resources (e.g. livestock resources and access to credit), farmland sizes, and land 
ownership are not important variables in explaining the irrigation participation model. 
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Small scale irrigation motivates rural people to use improved seed varieties and modern chemical 
inputs in the farm production process. The study explored the roles of the small scale irrigation 
on the adoption of new agricultural technologies through cross tabulation and focus group 
discussion. The result of the study indicates that farmers mainly produce staple crops using 
rainfall, and fruits, vegetables and some high-value crops using irrigation water. Of the total 
sample respondents, about 38% and 45% have used improved seeds and chemical fertilizers, 
respectively, in both irrigated and rain-fed farms while the remaining figures don’t yet. About 
44% of the samples have produced fruits, vegetables and some cash crops while the remaining 
56% have produced only staple crops. The proportions of the samples that have applied 
improved seeds, chemical inputs, and produced diversified products in 2012 were respectively 
76%, 70% and 84% for irrigation respondents while the respective figures for dryfarm 
respondents were 16%, 30% and 21%. The chi-square test (P<0.005) explains that there is a 
statistically significant difference in the application modern farm technologies and production of 
diversified (multiple) products between the treated and non-treated respondents in the study area.  
 
The study estimated the impact of the small scale irrigation on household income, employment 
and food security. The irrigation schemes in the study area have generated significant level of 
employment to the local communities.  The income earned from the irrigated agriculture has 
varied depending up on the type of irrigation system used. Example, the irrigation income (in 
2012) from spring channel, river diversion, wells, communal dams and private ponds 
respectively covered about 48%, 36%, 41%, 41% and 51% of the annual  income of the 
irrigation farmers. The study also shows that the annual income, food consumption expenditure, 
schooling and health care expenditure, farm inputs expenditure, total expenditure and asset 
accumulation of the treated respondents in 2012 were respectively 97%, 137%, 47%, 180%, 
114% and 103%  higher than that of the control respondents. The irrigation respondents are more 
food secure than the dryfarm respondents. According to the propensity score matching and two-
sample t-test, there are statistically significant differences in income, food consumption, farm 
input expenditure, total expenditure and asset holding between the treated and non-treated 
respondents at 5% the level. However, despite the higher income and asset, both treated and 
control groups have allocated the same amount of income to education and health care. Thus, 
education and health services may not be a prime agenda in the household strategy.   
 
The finding of the study explains that the irrigation farmers (also irrigation sector) in the study 
area have faced several problems despite the significant contribution in employment generation 
and asset building in the woreda. According to the result of the focus group discussion and the 
farmer survey, narrow output market especially for perishable and price inelastic products (e.g. 
fruits, vegetables),   shortage of money for improved farm inputs, frequent incidence of pests and 
diseases, weak and ineffective local water users’ associations, lack of irrigation infrastructure 
facilities, lack of sufficient irrigation water and government owned land policy are the major 
constraints for the irrigation farmers and the sector as well. For instance, the members of the 
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local water users’ associations that are elected by the local communities are weak and ineffective 
to take actions to respect the group bylaws, coordinate the local people to clear the destroyed 
canals and motivate the people to work efficiently and effectively. The negotiation power of the 
rural people is weak and poor due to lack of market information and lack of knowledge. The 
limited output markets and lack of infrastructure services impeded the rural people to produce 
more, sale elsewhere and store for future sell. The land policy doesn’t encourage the farmers to 
undertake long term irrigation investment. The absence of permanent rivers and erratic rainfall 
for recharging the water points are another problems that can lead to insufficiency of water, 
depletion of water table and conflicts on irrigation water uses. 
 
6. 2. Recommendation  
In the study area there are still many rural people who are not participating in irrigation although 
they have irrigated farms. This is because of lack of access to information, education and other 
awareness enhancing systems. Thus, government associated with other organizations should give 
priority to strength the local rural associations and different social and physical infrastructure 
services (e.g. schools, training centers, etc.) wherein the communities can easily get knowledge 
and skills about the significance of small scale irrigation through formal education, exposure 
visits, public meeting, panel discussion, demonstration and other means.    
 
Historical experiences explained that effective and strong local institutions (formal and informal) 
are important for the success of small scale irrigation schemes. Hence, the establishment and 
empowerment of the local institutions (e.g. water associations) should be given priority in the 
community-based developmental programs to properly and effectively manage the irrigation 
water; provide timely and relevant input and output market information; follow up the 
maintenance and operation of the irrigation schemes; guide and teach (with the extension 
workers) the rural people about the application of chemical inputs, importance of irrigation, and 
appropriate planting dates of crops and seedling; and prohibit conflict on water uses. 
 
The result shows that the Tigray region has surplus domestic food supply while the study woreda 
has serious food deficits, which justifies that surplus production exists in some areas and food 
shortfall in other areas. Market information, irrigation infrastructure and transport services are 
the major problems of irrigation sector in the study area. Thus, the government associated with 
the local communities should improve the food distribution system in the region through 
providing irrigation facilities, regular maintaining and clearing the public roads, establishing 
marketing information centers, expanding telephone services and so forth.  
 
The finding of the study illustrates that the distance between the adjacent wells (for majority) is 
shorter than the recommended distance. There is also low and insignificant recharge effect of the 
ground water table due to insufficient rainfall. The intensity use of water point (water sources per 
users) is high and increasing because of high farm population. Thus, proper attention should be 



54  
 

given for the sustainability of the water sources. The distance among the water points should be 
based on the recommended standard. The water canals should also be erected using cements to 
reduce water loss in the earth canals. Physical and biological conservation activities should be 
implemented intensively to increase the recharge capacity of the water table.  Many neighboring 
farmers should be encouraged to construct large-scale irrigation water points to prevent intensive 
competition among wells and water table depletion. 
 
6. 3. Further Study   
The study only covered some segment from the broad and complex issue of irrigation farming 
and food security. The study suggests some of the following points in which this study was 
unable to capture but require further exploration in the future.   
 Environmental and social effect: this study only considered the ‘good’ of small scale 

irrigation. However, there are also some ‘bad’ effects on the environment and the local 
communities: depletion of water table, waterborne diseases, death, water logging, people 
displacement, salinity and so forth. Consequently, the ‘bad’ effect of the small scale 
irrigation in the study woreda should be investigated.  

 Cost estimation: The developmental and operational costs of small-scale irrigation were 
not part of this study though they are highly important to estimate the real contribution of 
small scale irrigation on household income and food security. Thus, the economic 
feasibility of the smallholder irrigation scheme should be investigated in order to value 
the net effect of the small scale irrigation scheme on the household food security.  

 Managerial skills: Management and experience of the households are important for the 
success and failure of the small-scale irrigation schemes. For example, some small scale 
irrigation can be infeasible only because of poor management. This has, in sequence, 
direct effect on income and food security. Thus, managerial experience on irrigation and 
farming in general should be included in the irrigation and food security analysis.  

 Comparison among irrigation schemes: The study emphasized on small scale irrigation 
schemes only because they are the dominant in the study woreda. To introduce large and 
medium scale irrigation schemes intensively in the study woreda, comparative study (in 
income, productivity and food security) should be conducted.  

 Dynamic effect of irrigation investment: The cross-sectional data indicates statistically 
insignificant effect of investment in irrigation sector on education and healthcare issues 
of the respondents. However, this can have dynamic effect on schooling and healthcare. 
Therefore, further investigation is necessary whether investment in small scale irrigation 
schemes have dynamic effect on healthcare and education issues of the rural people.  

 
 
 
 
 



55  
 

Reference  
 Abadie, A., Drukker, D., Herr Lebel, J. and Imbens, G. (2004). Implementing Matching 

Estimators for Average Treatment Effects in Stata. The Stata Journal, Vol. 4 ( 3), PP. 290–
311 

 Asayehegn, K., Yirga, C. and Rajan, S. (2011). Effect of Small-Scale Irrigation on the 
Income of Rural Farm Households: The Case of Laelay Maichew District, Central Tigray, 
Ethiopia. Journal of Stored Products and Postharvest Research, Vol. 2(10), PP. 208-215.  

 Awulachew, S., Yilma, A., Loulseged, M., Loiskandl, W., Ayana, M. and Alamirew, T. 
(2007). Water Resources and Irrigation Development in Ethiopia. International Water 
Management Institute, Working Paper 123, Ethiopia.  

 Bacha, D., Namara, R., Bogale, A. and Tesfaye, A. (2011). Impact of Small-Scale Irrigation 
on Household Poverty: Empirical Evidence from the Ambo District in Ethiopia, Journal of 
Irrigation and Drainage, Vol. 60, PP. 1-10 

 Becker, S. and Ichino, A. (2002). Estimation of Average Treatment Effects Based on 
Propensity Scores. The Stata Journal, Vol. 2(4), PP. 358–377 

 Bhattarai, M., Barker, R. and Narayanamoorthy, N. (2007). Who Benefits from Irrigation 
Development in India? Implication of Irrigation Multipliers for Irrigation Financing. 
Irrigation and Drainage, Vol. 56, PP. 207-225. 

 BoARD (Bureau of Agriculture and Rural Development) (2012). The Performance of 
Regional Growth and Transformation Plan: Annual Report, Tigray State Bureau of 
Agriculture and Rural Development, Mekelle, Ethiopia. http://www.tigraybopf.gov.et 

 Caliendo M. and Kopeinig S. (2008). Some Practical Guidance for the Implementation of 
Propensity Score Matching. Journal of Economic Surveys, Vol. 22 (1), PP.31–72 

 Chazovachii, B. (2012). The Impact of Small Scale Irrigation Schemes on Rural 
Livelihoods: The Case of Panganai Irrigation Scheme Bikita District Zimbabwe. Journal of 
Sustainable Development in Africa, Vol. 14 (4), PP. 217-231 

 CSA (Central Statistical Authority) (2012). Agricultural Sample Survey for Strategic 
Planning: Annual Report Federal Democratic Republic of Ethiopia Central Statistical 
Authority of Ethiopia: Annual Report, Addis Ababa, Ethiopia. http://www.csa.gov.et 

 Dauda, T., Asiribo O., Akinbode, S., Saka, J. and Salahu, B. (2009). An Assessment of the 
Roles of Irrigation Farming in the Millennium Development Goals. African Journal of 
Agricultural Research, Vol. 4 (5), PP. 445-450 

 Desta, L. (2004). Concepts of Rainwater Harvesting and Its Role in Food Security-The 
Ethiopian Experience. Paper Presented on National Water Forum, Ministry of Water 
Resources, October 25-26, Addis Ababa. 

 Dillon, A. (2008). Access to Irrigation and the Escape from Poverty Evidence from 
Northern Mali, IFPRI Discussion Paper 00782, United States of America.  

 Dillon, A. (2011). Do Differences in the Scale of Irrigation Projects Generate Different 
Impacts on Poverty and Production? Journal of Agricultural Economics, Vol. 62(2), PP. 
474–492 



56  
 

 Dillon, A. (2011). The Effect of Irrigation on Poverty Reduction, Asset Accumulation, and 
Informal Insurance: Evidence from Northern Mali. World Development, Vol. 39 (12), PP. 
2165–2175.  

 Eshetu, S., Belete, B., Goshu, D., Kassa, B., Tamiru, D., Worku, E., Lema, Z., Delelegn,A., 
Tucker, J. and Abebe, Z. (2010). Income Diversification through Improved Irrigation in 
Ethiopia: Impacts, Constraints and Prospects for Poverty Reduction. Evidence from East 
Harerghe Zone, Oromia Region, Ethiopia. Overseas Development Institute, Research-
Inspired Policy and Practice Learning In Ethiopia and the Nile Region (Ripple), Working 
Paper 14, Ethiopia.   

 Fanadzo, M. (2012). Revitalisation of Smallholder Irrigation Schemes for Poverty 
Alleviation and Household Food Security in South Africa: A Review. African Journal of 
Agricultural Research, Vol. 7(13), PP. 1956-1969.  

 FAO (Food and Agriculture Organization of the United Nations) (2011). The State of Food 
Insecurity in the World: How Does International Price Volatility Affect Domestic 
Economies a Food Security? ISBN 978-92-5-106927-1, FAO, Rome. http://www.fao.org 

 G/Egziabher, G. (2008). Risk and Irrigation Management in a Semi-Arid Economy. PhD 
Thesis, Department of Economics and Resource Management –Norwegian University of 
Life Sciences, Norway. 

 Haddad, N., Duwayri, M., Oweis T., Bishaw Z., Rischkowsky, B., Hassan, A. and Grando, 
S. (2011). The Potential of Small-Scale Rainfed Agriculture to Strengthen Food Security in 
Arab Countries. Food Security, Vol. 3(1), PP.163-173 

 Hagos, F., Makombe, G., Namara, R. and Awulachew, S. (2009). Importance of Irrigated 
Agriculture to the Ethiopian Economy: Capturing the Direct Net Benefits of Irrigation, 
IWMI, Working Paper 128, ISSN 1026-0862, Addis, Ethiopia.  

 Hanjra, M., Ferede, T., and Gemechu, D. (2009). Reducing Poverty in Sub-Saharan Africa 
through Investments in Water and Other Priorities. Agricultural Water Management, Vol. 
96, PP. 1062–1070 

 Heckman, J. and Navarro-Lozano, S. (2004). Using Matching, Instrumental Variables, and 
Control Functions to Estimate Economic Choice Models. The Review of Economics and 
Statistics, Vol. 86, PP. 30–57. 

 Huang, Q., Rozelle, S., Lohmar, B., Huang, J. and Wang, J. (2006). Irrigation, Agricultural 
Performance and Poverty Reduction in China. Food Policy, Vol.  31, PP.  30–52 

 Hussain, M., Hussain, Z. and Ashfag, M. (2006). Impact of Small Scale Irrigation Schemes 
on Poverty Alleviation in Marginal Areas of Punjab, Pakistan. International Research 
Journal of Finance and Economics, ISSN 1450-2887 Issue 6, PP. 193-200. 

 Khandker, S. Koolwal, G. and Samad, H. (2009).  Handbook on Impact Evaluation: 
Quantitative Methods and Practices. The International Bank for Reconstruction and 
Development, Washington DC. http:// www.worldbank.org 



57  
 

 Kuwornu, J. and Owusu, E. (2012). Irrigation Access and Per Capita Consumption 
Expenditure in Farm Households: Evidence from Ghana. Journal of Development and 
Agricultural Economics, Vol. 4(3), PP. 78-92 

 Lakew, A. (2004). Irrigation and Water Harvesting for Food Security and Poverty 
Reduction. Proceedings of the First Forum, IWMI and MOARD, January 20-22, Addis 
Ababa, Ethiopia.  

 Li, J. And Shangguan, Z. (2012).  Food Consumption Patterns and Per-Capita Calorie Intake 
of China in the Past Three Decades. Journal of Food, Agriculture and Environment Vol.10 
(2), PP. 201-206.  

 Mati, B. (2008). Capacity Development for Smallholder Irrigation in Kenya. Irrigation and 
Drainage, Vol. 57, PP. 332–340 

 MoFED (Ministry of Finance and Economic Development) (2012). Performance and 
Challenges on the Five Year Strategic Plan of Growth and Transformation: Annual Report 
of MoFED, Addis Ababa, Ethiopia. http://www.mofed.gov.et 

 Moll, H. A. J. (2004). Smallholders and Relationship Clusters with Rural Institutions: 
Chapter in Scientific Book, Wageningen UR publication, Weaver Press, Harare, Zimbabwe.  

 MoWE (Ministry of Water and Energy) (2012).  Water Resources Management and 
Irrigation Policy: Annual Report of MOWE, Addis, Ethiopia. http://www.mowr.gov.et 

 Norton, G., Alwang, J. and Masters, W. (2010). Economics of Agricultural Development 
World Food Systems and Resource Use, 2nd Edition, ISBN 0-203-85275-3, 270 Madison 
Avenue, New York, NY 10016 Master E-Book ISBN 

 Nugusse, W., Huylenbroeck, G., and Buysse, J. (2013). Household Food Security through 
Cooperatives in Northern Ethiopia. International Journal of Cooperative Studies, Vol. 2(1), 
PP. 34-44  

 Oruonye, E. (2011). An Assessment of Fadama Dry-Season Farming through Small Scale 
Irrigation System in Jalingo LGA, Taraba State. International Research Journal of 
Agricultural Science Vol. 1(1), PP.  014-019 

 Ostrom, E. and Basurto, X. (2011). Crafting Analytical Tools to Study Institutional Change. 
Journal of Institutional Economics, Vol. 7(3), PP. 317-43. 

 Pufahl, A. and Weiss, C. (2009). Evaluating the Effects of Farm Programmes: Results from 
Propensity Score Matching. European Review of Agricultural Economics, Vol. 36 (1): PP 
79–101 

 Randela, R., Liebenberg, G., Kirsten, J. and Townsend, R. (2000). Demand for Livestock 
Tick Control Service in the Venda Region, Northern Province. Journal of Agrekon, Vol. 39 
(4), PP. 644-655 

 Ravallion, M. (2009). Evaluation in the Practice of Development. World Bank Research 
Observer, Vol. 24 (1), PP. 29–53. 

 Singh, A., Rahman, A., Sharma, S., Upadhyaya, U. and Sikka, A. (2009). Small Holders’ 
Irrigation—Problems and Options. Water Resource Management, Vol. 23, PP. 289–302 



58  
 

 Stern, E., Stame, N., Mayne, J., Forss, K., Davies, R. and Befani, B. (2012). Broadening the 
Range of Designs and Methods for Impact Evaluations: Report of a Study Commissioned by 
the Department of International Development, DFID Working Paper 38, London, UK.   

 Swamikannu, N. and Berger,T. (2009). Impacts of Small Scale Irrigation on Poverty 
Dynamics in the White-Volta Basin of Ghana: An Integrated Multi-Agent Simulation 
Approach. Presented at the IHDP Open Meeting April 26-30 on Human Dimensions of 
Global Environmental Change, Bonn, Germany. 

 Todaro, M., and Smith, S. (2011). Economic Development 11 (Ed), Addison-Wesley, 
Pearson, ISBN 10: 0-13-801388-8.    

 Torell, G. and Ward, F. (2010). Improved Water Institutions for Food Security and Rural 
Livelihoods in Afghanistan’s Balkh River Basin. Water Resources Development, Vol. 26 (4), 
PP. 613–637 

 UNDP (United Nations Development Programme) (2009), Handbook on Planning, 
Monitoring and Evaluating for Development Results, UNDP, New York, US.  

 
 
Annex 1:  Estimation Coefficients of the propensity score (Logistic regression) in PSM  
--------------------------------------------------------------------------------------------------------------------- 
Number of OBS. = 100   LR Chi2 (15) = 69.08    Prob > Chi2 = 0.0261     Pseudo R2 = 0.7640 
--------------------------------------------------------------------------------------------------------------------- 
Variables                       Coefficient      Std. Err.          Z        P>|Z|            95% Conf. Interval] 
--------------------------------------------------------------------------------------------------------------------- 
Climate Zone                 -0.9958286    0.6081756    -1.64     0.102       -2.187831      0.1961737 
Male Headship                0.0367971    0.5402111     0.07     0.946       -1.021997      1.095591 
Age of heads                  -0.0080065    0.0167414    -0.48     0.632      -0.0408192     0.0248061 
Married heads                -0.8338277    0.5874183    -1.42     0.156      -1.985146       0.3174909 
Head Education               0.6986016   0.4976283     4.40      0.010        0.276732      0.673935 
Head skills                       0.0036847   0.1645193     0.02      0.982      -0.3187672     0.3261366 
Family sizes                     0.2592595   0.1137141     2.28      0.023       0.0363841     0.482135 
Livestock (TLU)              0.1387652   0.1342015     1.03      0.301     -0.1242649     0.4017953 
Farm sizes                        0.049017     0.159581       0.31      0.759     -0.2637559     0.36179 
 Rural associations           0.303092     0.6050354     4.50      0.016      0.48894         0.882755 
Distance to markets          0.0153842   0.0112974     1.36     0.103     -0.0007582     0.0275267 
Distance FTC & DA       -0.0071995   0.0068169    -3.06     0.020      0.0961612     0.1205603 
Distance to banks             0.4669239   0.5784289     0.81     0.420     -0.666776       1.600624 
Distance to rural roads   -0.0051609   0.0106384    -2.49     0.031      0.0260119      0.07569 
Distance schools              0.0037834   0.0106719     0.35     0.723     -0.0171331     0.0246999 
-------------------------------------------------------------------------------------------------------------------- 
 


