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WOREDA, BENISHANGUL GUMUZ REGION, ETHIOPIA 
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Msc Thesis at Assosa University, Ethiopia 
 
ABSTRACT 

In the Assosa woreda of Benishangu-Gumuz, Ethiopia, the study's main objective was to investigate the variables that affect 
households' decisions to participate in small-scale irrigation and the impact of such participation on poverty reduction. To do this, 
three small-scale irrigation schemes from five kebeles were specifically chosen. Using a semi-structured questionnaire and field 
observations with a basic random sampling technique, data were gathered from 323 families (160 irrigation users and 163 non-users). 
The logistic model identified major factors of households' participation decisions as being age, family size, education, cultivated land 
size, distance to the nearest market, livestock holding, access to agricultural extension, access to credit service, and use of agricultural 
inputs. Additionally, the possible impact of irrigation on households’ per capita consumption expenditure was examined. According to 
the findings, annual per capita consumption expenditure of irrigation technology users' is higher by 11,165.17 ETB than non-users'. 
Irrigation raised per capita consumption expenditure of user households by 37.3 percent, according to the PSM utilizing the radius 
matching method.  The data was analyzed using the Foster Greer-Thorbeck (FGT) index. The FGT classes of poverty indices were 
found to be 35.9%, 5.5%, and 0.03% for head count, poverty gap, and poverty severity, respectively. In comparison to non-users, users 
of various irrigation systems are in a better position in terms of incidence, depth, and severity of poverty. To alleviate poverty, it is 
consequently vital to create small-scale irrigation technology and to encourage farm households to employ irrigation technologies. 

 
Keywords: Poverty, Poverty Line, Irrigation Scheme, Propensity Score Matching. 
 
1. INTRODUCTION 

Many low-income nations around the world depend heavily on agriculture for economic prosperity. In Sub-Saharan Africa, 
two-thirds of the working population still relies on agriculture for their livelihood (IFAD, 2019). In emerging nations, more than half 
of the population produces their own food. Additionally used as industrial inputs are agricultural products. A lot of LDCs see 
favorable effects from increased agricultural productivity in terms of income growth (UNDP, 2013). 

 
Ethiopia, like other SSA nations, is predominately an agrarian nation, with agriculture directly or indirectly supporting the 

vast majority of the population. Ethiopia's economy is still largely dependent on agriculture, with smallholder farmers contributing 
90–95% of the nation's agricultural production, according to a recent assessment by the International Fund for Agricultural 
Development (IFAD) (IFAD, 2019). Because of this, Ethiopia's economy still depends heavily on agriculture, which generates 80 
percent of employment, 40.2% of the nation's GDP, and 70 percent of export revenues (UNDP, 2015). Among other factors that limit 
agricultural productivity include land degradation, poor water management, a lack of technological adoption, and a weak marketing 
infrastructure (IFAD, 2019). 

 
Ethiopia's domestic economic strategy includes irrigation development as a vital tool for sustained agricultural growth in 

order to overcome the problem. In Ethiopia, small-scale irrigation (SSI) is a governmental goal for rural poverty alleviation and 
growth Abraham and Mesfin, (2015). Small-scale irrigation schemes enable higher agricultural production than rain-fed agriculture, 
assist poor farmers in overcoming rainfall and water scarcity by providing a reliable supply of water for cultivation and livestock, 
strengthen the foundation for sustainable agriculture, increase food security for poor communities through irrigated agriculture, 
contribute to the improvement of poor nutrition, and provide a source of household income. 

 
             Rain-fed agriculture productivity has been highly variable in most parts of Ethiopia, matching to the amount and distribution 
of rainfall (Smith, L 2004). Crop failure is unavoidable when rainfall is insufficient and distributed unevenly. Despite this, agricultural 
expansion continues to contribute to the country's progress in food security and household empowerment. Droughts are occurring far 
too frequently presently, and food security in its entirety cannot be sustained. 
 
            Irrigation would have to be implemented in a large scale at the national level in order to achieve long-term food security and 
rural transformation. Small-scale irrigation is one of the solutions for reducing poverty, ensuring household food security, and 
improving the community's livelihood status. As a result, the factors of small-scale irrigation and its impact on household poverty 
reduction are critical. Small-scale irrigation enables people to achieve food self-sufficiency, earn a decent living, and amass a variety 
of assets (Bekele, 2010). Irrigation's impact on agricultural output and farm income has been related to poverty reduction. It is 
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necessary to increase the capability of the small-scale irrigation plan to support significant welfare and consumption expenditure on 
the households of participants. Irrigation is the most cost-effective choice for maintaining food output and increasing income (Jemal 
Haji et al; 2013). 
 

Despite having access to three key resources for agricultural production land, water, and labor the agricultural sector in the 
Benishangul Gumuz region is primarily small-scale, rain-fed dependent, traditional, and subsistence farming with limited access to 
technology and institutional support services. 

 
The region has established roughly 6 small scale irrigation schemes in the study area, Assosa woreda. The woreda's total 

irrigable land area/ irrigation potential is 45,651 ha, of which 601 ha (1.3 percent) is irrigated land by developed SSI schemes with 
2,439 households as targeted beneficiaries, and 433 ha (72 percent) is irrigated land by small scale irrigation schemes developed so far 
with 1226 (50 percent) households as beneficiaries (Woreda Office of Agriculture and Natural Resource, 2018/19).  However, there is 
no concrete information showing how much better off households in the study area that employ irrigation are than those that rely only 
on rainfall. By examining the determinant elements that affect households' engagement in small-scale irrigation and its impact on 
poverty reduction in the study area, Assosa woreda, this study aimed to close these gaps. 

 
2. MATERIALS AND METHODS 

2.1 Description of the Study Area 
The research was carried out in Ethiopia's Assosa woreda, which is part of the Assosa Zone of the Benishangul Gumuz 
Regional State (BGRS). Assosa woreda is one of BGRS' 22 wordas, bordered on the north by Kurmuk and Homosha woredas, 
on the east by Mengie, on the south by Mao-komo special woreda, and on the west by South Sudan. The woreda's capital is 
Assosa, which is located 667 kilometers west of Addis Ababa. The woreda's elevation ranges from 550 to 1570 meters above 
sea level Woreda Office of Agriculture and Natural Resources (WOANR) (2018/19). According to Assosa and neighboring 
meteorological station data from the previous year, the district's typical annual minimum and maximum temperatures are 20 
and 32°C, respectively, while the annual rainfall ranges between 850-1200 mm. The months of July and August get the 
heaviest rainfall. According to Ethiopia's agro-ecological zone categorization, the area is classified as hot to warm wet lowland.  

2.2 Data Source and Type.  
All households living in the specified kebeles with the selected small-scale irrigation schemes formed the study's population 
frame. The sample households were randomly selected from the beneficiary five kebeles of the three SSI schemes in Assosa 
woreda for primary data, and the secondary data came from local offices, and various publications and policy documents. To 
collect demographic characteristics of household heads such as age, sex, educational level, dependency ratio, household size in 
adult equivalent, cultivated land, off-farm income, access to credit, livestock holding, market access, and use of agricultural 
inputs, a structured questionnaire with closed-ended questions was used. 

2.3 The Sampling Technique and Sample Size Determination 
In comparison to other woredas in Benishangul Gumuz regional state, Assosa woreda was purposefully chosen for this study 
because of its relatively higher irrigation potential, presence of a higher number of small scale irrigation schemes (6 schemes), 
better experience of farmers in irrigation practice, and better market access.  
 
The study employed a three-stage sampling approach to choose sample households after purposively selecting the study area. 

In the first stage, three small scale irrigation schemes, Megele-39, Hoha, and Bulnegero, were purposefully chosen from the district's 
six schemes because they had more experience with irrigation and greater market access than the others. The stratified sampling 
technique was used in the second step. To ensure uniformity of factors other than irrigation, the households are classified into 
irrigation users and non-users. The kebele administration and/or agricultural offices provided a list of SSI irrigation user and non-user 
households (population frame). Finally, sample households from both irrigation users and non-users were chosen using a simple 
random selection procedure with a probability proportionate to the size of the recipient kebeles' population (initially targeted to be 
users of the scheme). 

 
The sample size of irrigation user and non-user respondent households was chosen using a population frame stratified by 

kebeles into irrigation users and non-users households. 
 

Yamane’s (1967) formula was used to determine sample size as: 

                                             n =   
( )
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Where, n is the required sample size; 
 
N is the total number of sample frame of districts/woreda households;   
 
e is the level of precision at 95% degree of confidence. Specifically, in the five selected rural kebeles’ the total number of households 
are 1673 (Megele-39=192, Urra=459, Amba-1=235, Amba-11=417, Amba-10= 370). Therefore, the actual sample size determined is 

( . )
= 323. 

 
Then, to determine each kebeles sample size using probability proportional sampling technique is computed as follows: 
 
Table 1 proportional sample size determination 

Kebeles Household number Computation Sample size 
Megele-39 192 192*323/1673 37 
Urra 459 459*323/1673 89 
Amba-1 235 235*323/1673 45 
Amba-11 417 417*323/1673 80 
Amba-10 374 374*323/1673 72 
Total 1673 192*323/1673+459*323/1673+ 

235*323/1673+ 417*323/1673+ 374*323/1673 
323 

Source: own computation, 2021. 
 
3. Method of Data Analysis 

3.1 Descriptive Statistics 
One of the strategies used to summarize information (data) collected from a sample is descriptive statistics. It's used to describe 
household variables' demographic, socioeconomic, and institutional behavior. It is feasible to compare and contrast different 
types of sample units (in this example farm households) with respect to the desired characters using descriptive statistics such 
as mean, standard deviation, frequency of presence, and so on in order to reach some key conclusions.  

3.1.1 Poverty Line (threshold level) Identification 
Identification and aggregation are the two basic processes in poverty measuring. The identification step establishes the criterion 
for classifying households as poor or not. This can be accomplished by establishing a poverty line in the consumption 
expenditure space of households. The status of households, whether poor or not, was determined by their position on this line. 
As a result, households below the poverty line are referred to as poor, while those above the poverty line are referred to as non-
poor (Sen, 1976). Despite the availability of direct calorie intake and food energy intake methodologies for determining 
poverty, the study relied on the cost of basic necessities method proposed by (Ravallion and Bidani, 1994). This method of 
determining the poverty line is employed because it can accept estimates of the cost of food and other non-food necessities. To 
put it another way, the cost of basic necessities takes into account fundamental non-food requirements when determining the 
poverty line. 

 
As a result, a food poverty line was created by pricing a basket of food products that meet the kilocalorie minimum energy 

need (kcal). To meet the 2,200 kcal/person/day energy requirement, the calorie contribution of the meal items was changed. According 
to a World Health Organization report, this is the minimal daily energy need for a person to maintain regular activities (WHO, 1985). 
The fraction of non-food items was then added to determine the poverty line consumption expenditure per adult per day.  

 
The food poverty line (ZF) was calculated using the following formula after estimating the average household size, the 

minimum 2200 kcal per day requirement, the typical food bundle of relatively poor households, the calories of the food bundle, and 
the cost of the food bundle, which was derived from the estimated psychological needs: 

 

ZF=⁅
    

     

    

 X 
 ⁅cost of the aveage food⁆ 

bundle 
------------- (1) 
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3.1.2 Measuring poverty index  
According to Foster (2006), the poverty measure was a statistical function that translates the comparison of households’ well-
being and the choice poverty line into one number for the population sub-group. The additively decomposable poverty index, 
developed by (Foster et al., 1984) was used to measure the number of households below and above the poverty line. The 
general formula for measuring poverty index P is given by:  

  
                                         --------------- (2) 
  
 
Where α- is a parameter reflecting the weight placed on the very poorest individuals, 
 
gi - is the consumption expenditure (standard of living) for individual i,  
z - is the poverty line,  
n - is the number of sample households, and  
q -is the total number of poor in the sample 
 

From equation (2), the poverty aversion parameter (α) refers to the concern attached to the proportionate shortfall from the 
poverty line.   

 
The incidence of poverty is shown when α = 0, which is also known as the head count ratio or head count index. The most 

often used indicator of poverty at the moment is this, which is defined as the proportion of persons living below the poverty line 
(Deaton, 1997). A household is said to be poor if their spending falls below a set threshold.  

 
When α = 1, which is also known as the poverty gap index, it speaks to the severity of poverty. This measures how far below 

the envisioned poverty line poor people actually are. Information about the price tag or budget necessary to help every impoverished 
person out of poverty is helpful. This measure captures the population of the study group's mean aggregate consumption shortfall as 
compared to the poverty line. Individuals above the poverty line have a zero poverty gap.  

 
When α = 2, the Pα gives a measure called the severity of poverty index (or squared poverty gap). Severity of poverty index 

takes into account the distribution of poverty amongst the poor and places greater weight on those furthest away from the poverty line 
rather than the poverty gap index (Ravallion, 1994). 

 
3.2 Econometric Model Specification 

In this study, two different models were used. Due to the binary nature of the dependent variable, the Logit model was used to 
identify the determinant factors that influence household irrigation participation, and propensity score matching (PSM) was employed 
to evaluate how small-scale irrigation affects the reduction of poverty. 

 
Using a composite of the sampled households pre-intervention characteristics, a logit model was employed to examine the 

propensity scores (Rosenbahm, Rubin, 1983). The functional form of the logit model can be defined as follows, according to Gujrati 
(2003): 

P(X) = E(Y= ) =  
 ( )

 ………….. (1)  

For the case of exposition, we write (1) as  

P(X) = 
  

  …………………………… (2)  

Where Р(x) = is a probability of given household is not participating in small scale irrigation 
Zi = is a function of n-explanatory variables (x) which is also expressed as:  
Zi = Bo+B1X1 + B2X2 + ............... + BnXn  
Bo = is intercept  
B1, B2....... Bn = are slopes of the equation in the model  
The probability that a given household is not participating in small scale irrigation to the probability of that will participate in small 
scale irrigation: 

1-P(X)  = 
 

   ………………………. (3) 

Therefore, we can write  
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( )

( )
=  

 
   = e    ---------------------------- (4) 

Now, 
( )

( )
   is simply the odds ratio, in favor of participation in small scale irrigation. 

 
Finally taking the natural logarithm of the equation (4) we obtain  

       Li = Ln (
( )

( )
) --------------------------------- (5)  

Zi  =  β0 + β1age + β2sex + β3fsae + β4dpr + β5edu + β6ocup+ β7cultls+ β8exts + β9crdt + β10dismkt   
       +β11input +β13tlu +β14offinc 
 
Where, P(X) = probability of that will participating in small scale irrigation; ranges from 0 to 1 Zi = a function of “n” explanatory 
variables (x) which is also expressed as; 
  Zi = β0 + β1X1 + β2X2 … … … . . … + βnXn   ------------------ (6)  
 
Li = is log of the odds ratio, which is not only linear in Xi but also linear in the parameters. 
 
Xi = Vector of relevant explanatory variables 
If the disturbance term (Ui) is introduced, the logit model becomes;  
                  ZI = β0 + β1X1 + β2X2. . . … + βnXn + Ui   -------------------- (7) 

 

 β0 is an intercept, and  
 β1, β2… are slopes of the equation, in this case, the parameters to be estimated. 
Xi are the hypothesized determinants of SSI practice/household characteristics/.  
 
The logit model/equation/ will be used for analysis of the determinants of SSI participation.  
 
Therefore, this equation can be rewritten as: 
Zi  =  β0 + β1age + β2sex + β3fsae + β4dpr + β5edu + β6ocup+ β7cultls+ β8exts + β9crdt + β10dismkt   
       +β11input +β13tlu +β14offinc. 
 

The impact of the small-scale irrigation program on poverty reduction was examined between two groups of households. The 
impact of small-scale irrigation projects on participating households in Assosa woreda was studied using non-participant households 
as a comparison group. In the study, the outcome variable that was employed for comparison was households' annual consumption 
expenditure per adult equivalent. PSM was used to calculate the average change in the outcome variable. Participants were matched 
with non-participants who were considered to have the same probability of joining the small-scale irrigation system. The Average 
Treatment Effect of the i  household (ATE ), the difference in households’ consumption expenditure per year per adult equivalent, 
can be expressed by: Y1 – Y0. Where, Y1 is the consumption expenditure of the - i  participant household and Y0 the consumption 
expenditure per year per adult equivalent of the - i  non-participant household. Assuming D as household participation status in the 
irrigation scheme (D = 1 for participant and D = 0 for non-participant), the ATE in casual effect notion can be expressed by:  
ATE  = E(Y1/D = 1) - E(Y0/D = 0)-------(3) 
 
Where E(Y1/D=1) represents the average annual consumption expenditure per adult equivalent for households that have access to 
irrigation systems, and E(Y0/D = 0) represents the average annual consumption expenditure per adult equivalent for households that 
do not have access to irrigation systems. The Average Effect of Treatment on the Treated (ATT) was calculated for the sample houses 
in the study area as follows: 
ATT = E(Y1 – Y0 /D = 1) = E(Y1/D = 1)- E(Y0/D = 0)--------------(4) 
 

One of the most difficult aspects of the impact evaluation was observing household consumption expenditure each year per 
adult equivalent with and without access to the irrigation scheme at the same time. In other words, participant households may differ 
from non-participant households in ways other than irrigation system access, posing a fundamental challenge of casual inference. It 
was suggested that the unobserved (counter-factual) outcome be constructed in this case. It is important to note that the assumptions of 
common support and conditional independence are necessary for matching estimators to be useful in impact evaluation.         
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According to the common support assumption, only observations with propensity scores that are between the common 
support region of participants and non-participants, or between 0 and 1, are tested for the balancing feature. The irrigation scheme 
assignment condition is independent of the post-irrigation scheme outcome, according to the conditional independence assumption. 
Mathematically this can be expressed by: (Y1- Y0) ⊥ D|Xi (Fafchamps, 2007).  

 
4. RESULTS AND DISCUSSION 
4.1 Descriptive Analysis  

Descriptive results of the major variables, both for irrigation users & non-users are indicated in table 2 below together with their 
units of measurement. According to the results, users of irrigation have higher family size (4.9) as compared to non-users (3.4) and 
about (90.6%) of the user households are headed by male as compared to only (76%) for the non-users. These are mainly related to the 
labor requirements of the technologies. Mean values of the other variables for the users & non-users are also indicated in table 2.  

 
Table 2 description of households by irrigation use 
                                                                                                                        Mean values 
     Variables                              Measurements                ------------------------------------------------- 
                                                                                Users                    Non-users          Total 
Age year                                      45.92                        53.12          49.55 
Sex                             1 for male, 0 otherwise                        0.906                       0.761          0.833 
Education Number                                           5.14                         3.29          4.21 
Family size Number                                           4.8                           3.43          4.15 
Dependency ratio         Number                                               0.58                         0.48          0.53 
Occupation 1 for farming, 0 otherwise     0.837                       0.712          0.774 
Cultivated land size       Number                                              2.18                         1.33          1.75 
Distance to market        kilometer                                        17                                 19           18 
Livestock unit Number                                          3.1                           2.7           2.9 
Extension service 1 for users, 0 non-users     0.963                       0.669          0.814 
Credit use 1 for users, 0 non-users      0.825                       0.632          0.728 
Input service 1 for users, 0 non-users      0.862                       0.632                            0.746 
Off-farm income Number                                            18112                      11955                          15005 
Source: own survey data analysis output, 2022 
   
4.1.2 Poverty Line Estimate for the Households in the Study Area 
             To identify poor households, this study first established a poverty line. The cost of basic needs method is therefore the most 
acceptable method for determining the poverty level. When it comes to evaluating poverty, food represents the most basic needs of the 
household and accounts for three-quarters of their spending (World Bank Institute, 2005). The cost of other non-food basic necessities, 
such as clothing, shelter, transportation, medical services, education, grinding, and social expenses, among others, should be added 
after estimating the cost of obtaining enough food for adequate nutrition, which is typically 2,200 kcal per person per day. 
 

Food items such as maize, sorghum, millet, teff, peas, onions, tomatoes, potatoes, pepper, sugar, oil, milk, and meat were 
mostly consumed by households in the lowest income quartile in the Assosa district. To calculate the non-food poverty line, the food 
share of the bottom 25% of the spending distribution was divided by the food poverty line. The study area's non-food spending items 
include clothing, medical care, education, social obligations, housing, transportation, and other miscellaneous costs. As a result, the 
identified "Food basket," which consists of thirteen food products from their stock and/or purchases. Then, in 2021, these food items 
were valued using the study district's annual average local pricing. These consumed food items were converted to kilocalories and then 
divided into adult equivalent households. As a result, the food poverty level in the study area was established based on the national 
minimum caloric requirement (2,200 kc) for daily activities. 

 
Based on this, the sample households’ yearly mean expenditure on food and non-food was Birr 5418.48 and birr 1217.78, 

respectively (Table 3). So, for the duration of the study, the absolute poverty line was determined to be ETB 6636.26 per adult per 
year. A total of 207 households (64.1%) of the sample's respondents were able to meet their basic food and non-food needs, compared 
to 116 households (35.9%) who were unable to do so. This is the absolute minimal amount of expenditure that an adult in a research 
area needs to spend on their lifestyle to be healthy and active. This indicates that households classified as non-poor had annual 
absolute poverty expenditures per adult greater than or equal to ETB 6636.26.  
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           Additionally, the absolute poverty line of Birr 6636.26 in the research area was lower than the national annual consumption 
expenditure poverty line of birr 7184(NPC, 2017). The research area's annual consumption expenditure is low, as a result of this 
outcome. The likely cause is that rural households in the research area have limited capacity to spend on non-food items due to cash 
shortages in the agriculture industry, and their non-food needs are frequently unmet. It was also found that 35.9% of the total 
respondents in the research area were poor, while 64.1% were not. 
 
Table 3 Food items used to estimate the poverty line. 

Food item Kg/month/
AE 

Kcal/1
00g 

Kcal/month/
AE 

Kcal/day/
AE 

Share 
(%) 

Average  
priceETB/k
g 

Cost per 
month(ETB) 

Value of 
poverty line 
(ETB) 

Maize 7.1 369 26,199 873.3 39.71 12 85.2 1022.4 
Sorghum 4.17 339 14,136.3 471.21 21.41 10 41.7 500.4 
Millet 2.92 328 9,577.6 319.25 14.51 12 35.04 420.48 
Teff 2.17 338 7,334.6 244.49 11.11 40 86.8 1041.6 
Potato 0.83 104 863.2 28.77 1.3 10 8.3 99.6 
Tomato 1.25 37 462.5 15.00 0.70 15 18.75 225 
Pepper 0.75 15 112.5 3.75 0.17 100 75 900 
Oil 0.39 896 3,494.4 116.48 5.29 50 19.5 234 
Sugar 0.42 385 1,617 53.9 2.45 15 6.3 75.6 
Onion 0.54 71 383.4 12.78 0.58 15 8.1 97.2 
Pea 0.21 355 745.5 24.85 1.13 25 5.25 63 
Meat 0.25 115 287.5 9.58 0.44 160 40 480 
Milk 1.08 74 799.2 26.64 1.20 20 21.6 259.2 
    2200 100   5418.48 
Food poverty line                                                                                                       5,418.48 
Non-food poverty line                                                                                                1,217.78 
Absolute  poverty line                                                                                                6,636.26                                                                                            

Source: Own computation (2022), *EHNRI (2000) 
 
4.1.3 Households Poverty Status  

The Foster-Greer-Thorbeke (FGT) methodologies were used to assess three well-known poverty measures: head count ratio 
(poverty incidence), poverty gap (poverty extent), and poverty gap squared (poverty severity). The FGT classes of poverty indices 
were found to be 0.359, 0.055, and 0.003 for head count, poverty gap, and poverty severity, respectively, based on the poverty line 
stated above.  

 
Table 4: Poverty indices for the total sample households in the study area 
Poverty index                                                                                               Value 
Poverty head-count index (p )                                                                          0.359 
Poverty gap index ( p )                                                                                     0.055                                                                                                                        
Poverty severity index (p )                                                                               0.003 
Source: own survey data analysis output (2022)  
 
Poverty head count index (𝐩𝐨): The percentage of the sample population that is counted as being poor is measured by the headcount 
index. Table 4 above showed that the sampled population's absolute head count index indicated that 35.9% of households were 
deemed to be poor or that 35.9% of sampled populations were unable to meet the established minimum consumption level. In other 
words, these percentages of the sampled population's households fell into the category of absolute poverty in the Assosa woreda 
because they were unable to satisfy the minimal annual consumption expenditure of Birr 6636.26 per adult equivalent. 
Poverty gap index(𝐩𝟏): This measures the average proportionate poverty gap of consumption expenditure of the population where 
the non-poor households have zero poverty gaps. It tells us the extent to which an individual is found below the poverty line. 
Accordingly, the mean aggregate consumption shortfall relative to the poverty line across the whole population is found to be 0.055. 
In other words, the poor households require an additional 5.5% of the present consumption expenditure to attain their minimum basic 
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needs. Although the poverty gap index is the mean of the gaps between the welfare of the poor and poverty line, it does not capture the 
consumption inequality among the poor households. 
Poverty severity(𝐩𝟐): This index measures not only the distance separating the poor households from the poverty line but also 
considering the inequality among the poor. Thus higher weight is placed on those households further away from the poverty line. The 
severity index for this particular study was 0.003 implying that there exists 0.3% consumption inequality among sampled poor 
household in the study area. It means that there is inequality among the lowest quartile population.  
 
Table 5: Poverty indices for users and non-user households in the study area 
Poverty index                                                                     Users                       Non-users 
Poverty head-count index (p )                                           11.4%                       24.5% 
Poverty gap index ( p )                                                         2%                         3.2% 
Poverty severity index (p )                                                  0.04%                     0.1% 
Source (Own survey result, 2022) 
 

According to the absolute poverty head count index, only 11.4 percent of irrigation scheme users in the study area and 24.5 
percent of irrigation system non-users were living in absolute poverty. The absolute poverty gap index was 3.2% larger for non-users 
than it was for users. Last but not least, the absolute poverty severity index result revealed a significant difference between users 
(0.04%) and non-users (0.1%). 

 
4.2 Econometric Model Results 

The highest likelihood estimate of the logistic regression model result indicated that participation was influenced by nine 
variables. Age, family size, education, cultivated land, extension, credit, distance to market, input and livestock unit have a significant 
impact on household irrigation participation farming (Table 7). After estimating values of irrigation participation (propensity scores) 
the next step is matching between users and non-user groups by imposing a common support condition. As shown in table 6, the 
estimated propensity scores vary between 4.92e-06 and 0.989 (mean=0.151) for non-treatment households and between 0.037 and 
0.999 (mean=0.845) for treated households. Therefore, throughout the matching process, households with estimated propensity scores 
greater than 0.9891375 and lower than 0.0373519 were excluded. This restriction resulted in the elimination of 129 households from 
the analysis. Observations must be discarded if their participation probabilities are higher than 0.9891375 due to the same common 
support region. As a consequence, 116 observations from participants and 78 households from non-participant groups satisfy the need 
for common support. 
 
Table 6 Propensity score of participants and non-participants 

Irrigation 
participation 

Mean  Minimum Maximum  

Non Participant 
 

0.1515847  4.92e-06   0.9891375  
Participant 0.8455731   0.0373519 0.9999851  
Total 0.495356  4.92e-06   0.9999851  

            Source: Own computation from survey data, 2022 
 
Table 7 Marginal effects of determinants of participation in ssi by logit model 

participation in ssi dy/dx Std. 
Err. 

Z P>|z| 

Age of household -0.0246*** 0.0040 -6.14 0.000 
Sex of household  -0.1172 0.0857 -1.37 0.172 
Family size of household 0.1969*** 0.0315 6.24 0.000 
Dependency ratio  -2.2180 0.4539 -1.94 0.053 
Education of household 0.0501*** 0.0123 4.05 0.000 
Occupation of household 0.1071 0.0971 1.10 0.270 
Cultivated land size  0.4321*** 0.0843 5.12 0.000 
Extension service 0.2783** 0.1116 2.49 0.013 
Credit service 0.02564** 0.1054 2.43 0.015 
Distance to market  -0.0195*** 0.0062 -3.13 0.002 
Input service 0.2401*** 0.0633 3.79 0.000 
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Tropical livestock unit  0.0428** 0.0218 1.96 0.050 
Ln off-farm income 
_cons 
Sample size           323 
Pseudo R2             0.6388 
LR chi2(13)           286.01 
Pro> chi2                      0.0000 

0.0039 0.0148 
0.5626 

0.27 
0.10 

0.791 
0.921 
 

     
Source; own survey data  
***=1%, & **=5% significant level  
 

In the common support region, different matching estimators can be used to match user and non-user households. According 
to Dehejia et al. (2002), a number of factors, such as the equal means test, also called the balancing test, pseudo-R2, and matched 
sample size, ultimately determined the selection of a matching estimator. The balancing test is used to assess whether there is a 
difference in mean values between the two groups of respondents when there is no statistically significant difference after the two 
groups of respondents have been matched. Therefore, matching estimators were evaluated by contrasting irrigation users and non-
users in a common support region. It is therefore preferable to use matching estimators with balanced mean differences across all 
explanatory variables, as well as matching estimators with the lowest mean bias, lowest pseudo-R2 value, insignificant balancing test, 
and a large matched sample size. The radius matching method was considered to be an appropriate matching algorithm for the data 
supplied in this study. 

 
After estimating propensity scores, choosing an appropriate matching algorithm, and achieving balance, the effect of 

participating in small-scale irrigation was estimated by averaging the differences in outcomes between treated groups (participants) 
and its neighbor or neighbors from the untreated (non-participant) group. The difference in averages between the subjects who 
participated in the intervention and those who did not suggests the impact of participation in small-scale irrigation systems. The 
average treatment effect on the treated / ATT, or the average effects of participation in small-scale irrigation development, were 
assessed using radius matching.  

 
Table 8: Impact of participation in irrigation on household consumption expenditure   
        Variable Treated     Controls      Difference        S.E.       T-stat     p-value 

     Expae 29933.87   18768.70     11165.17       2494.02      4.48        0.00 

   ATT- Average Treatment effect on the Treated 
   Source: Own estimation using radius matching from survey data, 2022  
 

According to Table 8, the average treatment effect on the treated is approximately 11,165.17 ETB. This shows that the 
consumption expenditure of irrigation users has increased by 37.3% as a result of irrigation. The consumption expenditure difference 
between users and non-users was 11,165.17 ETB, proving that small-scale irrigation involvement had an impact. This disparity in 
consumption expenditure between irrigation users and the control group reflects the capacity and standard of life of each household. 
As a result, the performance of individuals who use irrigation and those who do not differs significantly. Therefore, the study showed 
that small-scale irrigation had a favorable and significant impact on household consumption spending. This result is in line with 
certain research on the effect of small-scale irrigation farming on reducing household poverty that used propensity score matching 
Jemal and Mahammed (2013). 

 
5. CONCLUSSION 
            In the Assosa woreda of Benishangu-Gumuz, Ethiopia, the study's main objective was to investigate the factors that affect 
households' decisions to participate in small-scale irrigation and the impact of such participation on poverty reduction. Using a three-
stage sampling procedure, 323 rural farm households were included in the sample. Cross-sectional data were gathered through the use 
of well-structured questionnaires and field observations. Descriptive data like mean, standard deviation, percentage, and frequency 
distribution were used, together with a binary logistic regression model, to investigate the determinant factors affecting small-scale 
irrigation. As a result of the binary logistic regression model's findings, nine of the 13 independent variables significantly influence 
small scale irrigation in the research area at various significance levels. 
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According to the poverty analysis, 35.9 percent of households in the study area were poor or unable to meet the specified 
minimum consumption needs. The incidence of poverty is much lower among irrigation users (11.4 percent) than non-irrigation users 
(24.5 percent), according to the results of the poverty decomposition. Irrigation user (2 percent) households had a considerably lower 
poverty gap score than non-irrigation user households (3.2 percent). Furthermore, the results of the estimated poverty severity indexes 
are identical. Users of irrigation are better off in terms of incidence, depth, and severity of poverty than non-users of irrigation. As a 
result of this finding, irrigation development has a significant influence on the poverty levels of households in the studied area. This 
shows that irrigation has a significant influence on the reduction of rural poverty.  

  
Based on the survey results, an attempt was also made to describe if there was a significant mean difference in yearly mean 

consumption expenditure between irrigation participants and non-participants of sample respondents. As a result, the impact of small-
scale irrigation participation on households’ poverty alleviation was assessed using the radius matching algorithm and demonstrated a 
positive significant difference in household consumption expenditures between participants and non-participants. Treatment had an 
average impact of 11,165.17 ETB on those who were treated. As a result, irrigation user households have raised consumption 
expenditures by 37.3% compared to non-irrigation technology users, demonstrating that irrigation decreases poverty. The result of 
Rosenbaum bounding procedure to check the hidden bias due to unobservable selection shows that the estimated ATTs for significant 
outcome variable is insensitive which clearly indicate its robustness. The impact estimates (ATT) are insensitive to unobserved 
selection bias and reflect a pure effect of small scale irrigation on increment of consumption expenditure, according to the sensitivity 
test results. As a result, households’ irrigation farming involvement should be encouraged in all kebeles of the Assosa area.   
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