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Abstract

Small-scale irrigation is among the feasible way in which agricultural production and productivity can be boosted
to meet the ever-growing food demand of least developed countries like Ethiopia. But, unlike the potential, the
level of utilization is very low. This study was conducted to assess the impact of small-scale irrigation on household
food security using the primary data collected from 220 sample households from Walmara district, Finfinnee
surrounding Oromia special zone. Descriptive and econometric data analyses were executed. Logistic regression
was the model used and propensity score matching (PSM) was the method used to measure the impact of irrigation
use on household food security. Using the result of PSM, 118 irrigation non-irrigators were matched with 83
irrigators by discarding 19 observations that are out of the common support. Then, the average treatment effect on
the treated (ATT) was estimated and the result was 529kcal. Finally, the sensitivity analysis was done and the
result showed that the estimated ATT was insensitive to unobserved bias up to 200%. This means family members
of irrigation user households on average consume more calories of 529 kcal than irrigation non-users per day and
this result is statistically significant. Therefore, agricultural policy interventions giving priority to small-scale
irrigation facilities are recommended for their contributions in improving household food security in the study area.
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1. INTRODUCTION

Food insecurity and hunger are alarmingly increasing in the world. The number of people under acute food
insecurity escalated from 80 million during 2015 to 108 million in 2016 and reached 124 million during 2017.
Moreover, the figure of undernourished people in the world has also increased to more than 820 million from 804
million during the same years, indicating one person out of nine is undernourished. These figures are clearly
showing that the achievements of the Sustainable Development Goal, specifically that of goal-2 (Hunger
Eradication) is at risk (FAO et al. 2018; FSIN, 2019).

Conlflicts, climate variabilities, and extremities (severe drought, floods, and storms) are the major driving
factors behind global hunger and severe food crises. These problems are even worse in agrarian countries like
those in Africa, in which the larger proportion of the population depends on agriculture (World Bank, 2018; World
Vision, 2018). In Africa, about 20 percent of the population (257 million) were hungry, out of which 237 million
were from sub-Saharan Africa during 2017. The prevalence of undernourished people in the region was escalated
from 181 million in 2010 to 222 million in 2016 and then raised to more than 236 million during 2017 (FAO et al.
2018; FAO and ECA, 2018

Ethiopia is the second most populated country in Africa following Nigeria, having 105 million people
estimated during 2017 (World Bank, 2019). Displacement induced by intercommunal clashes coupled with
drought worsens the food and nutritional insecurity situation in the country and more than 8.1 million people need
food assistance during 2019 (FAO, 2019). Though poverty reduction and human development efforts have
contributed much to lift out human lives out of poverty, about 22 million people are still below the national poverty
line during 2017. Even though the human development index (HDI) of the country is showing improvements,
Ethiopia is yet among the poorest countries in the world, holding the rank of 173rd out of 189 countries (UNDP,
2018a).

To withstand the problems of recurrent drought and sustain the food security of the ever-growing population
of the country, production and productivity-improving agricultural technologies with the existing resources like
small scale irrigation are promoted for their contributions of increasing income and improving the livelihood of
smallholders (Hirko et al. 2018; Tulu, 2014), creating employment opportunity, improving food security status,
poverty reduction, production improvements, diversification of crops grown, improved household income,
improved health status, source of a balanced diet, and easier access to medications, good sources of feeds for
animals and good sources of asset ownership (Asayehegn, 2012).

Ethiopia has immense water resources from rivers, lakes, and ground which is 124.4, 70, and 30 billion cubic
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meters respectively (Berhanu et al. 2014). Out of these, the irrigation potential of major rivers and rift valley lakes
is estimated to reach around 3,800,733 hectares of land (Ayalew, 2018). But, currently, 97 percent of cereal
production in the country is being produced using rainfed, while irrigation is serving only 3 percent (FAO and IFC,
2015). The country also endowed 362,590 square kilometers of agricultural land and 15,119,000 hectares of arable
land (CIA World Fact Book, 2019). The total irrigated land area in the country is recently increasing and reached
2.4 million ha in 2015 from 885,000 hectares during 2011 and the plan is to increase it to 4 million hectares by
2020 (ATA, 2016).

In the Oromia region, the trends of crop production are not rising with the pace by which the population
growth is rising mainly due to recurrent drought. Therefore, using small-scale irrigation is the most feasible remedy
to alleviate such problems and improving the production and productivity of small-holders, and also for improving
their food security status. According to OIDA (2014), the Oromia region is endowed with an ample amount of
irrigation water and irrigable land resources. But the level utilization is by far below the potential. Out of the total
of 1.7 million hectares of irrigable land, only 800,000 hectares (47.05 percent) were irrigated yet both in traditional
and modern schemes.

Similarly, according to the information obtained from the Walmara district agriculture and rural development
bureau (2020), the district has a high potential for irrigation water and irrigable land. The estimated irrigation
potential of the district is more than 9,055 hectares. Therefore, this study was conducted to assess the impact of
small-scale irrigation on household food security in the study area.

2. RESEARCH METHODOLOGY

2.1. Description of the study area

The study was conducted in Walmara district, Finfinnee surrounding Oromia Special zone, Ethiopia. The district
is located at 34 km to the west of Addis Ababa and lies between 8°50'-9°15' N and 38°25'-38°45' E. The area of
the district is 65,605 hectares, in which the majority part of the district (61 percent) is classified as highland and
the rest (39 percent) is classified as mid-highland. The mean altitude of the district is 2400 meters above sea level,
which is ranging from 2060 to 3380masl. The average annual rainfall of the district is 1,144 millimeters, ranging
from 795 to 1300 millimeters. The annual temperature of the district also ranges from 6 °c to 24°c, and the average
annual temperature is 14 °c. According to the population projection report of CSA (2019), the population of
Walmara district was 112,498, out of which 56,200 were male and 56,298 were female.

According to the information from the district office of agriculture and rural development, the farming system
of the district is characterized as mixed, both crop and livestock production similar to other central highlands of
the country. The major crops grown in the district during the main season are wheat, barley, tef, pulses, oilseeds,
and potatoes respectively. These crops are the major staple food crops according to their orders in the study area.
Similarly, the major vegetable crops grown during the off-season in the district using irrigation are potatoes,
cabbages, tomatoes, carrots, and onions respectively.

2.2. Description of irrigation schemes in the district

Walmara district has different streams and rivers that are suitable for irrigation activities, out of which Holeta river
is the main. The district has a long history in both traditional and modern irrigation schemes. The total irrigable
land potential in the district is more than 9,055 hectares, out of which 7,580 hectares were cultivated yet under
different types of irrigation. Out of the total irrigated land in the district, 828 hectares were cultivated using modern
irrigation, 4,890 hectares were cultivated using traditional irrigation, 1,788 hectares were cultivated using motor
pump irrigation, and 74 hectares were cultivated using wells. These irrigation types are currently serving more
than 2,163 households living in the district.

Since Walmara district is among the surplus producing districts, and also among the high irrigation potential
districts of the Oromia region, it was selected to be one of the agricultural growths and transformation program
two (AGP II) districts and construction of modern irrigation schemes in different kebeles are being undertaken by
this program. This study addressed three kebeles of having modern small-scale irrigation schemes (Talacho,
Barfata Tokofa, and Bakaka & kore odo) and one kebele with the traditional scheme (Wajitu Harbu).

2.3. Sampling procedure
Sample households were selected using a multi-stage sampling procedure. First, Walmara district was purposively
selected. Second, kebeles in the district were classified into highland and mid-highland based on their ecology.
Third, kebeles in each ecology were stratified into two based on irrigation access. Fourth, two kebeles from each
ecology, a total of four kebeles were randomly selected from those kebeles having irrigation access. In the fifth
stage, the representative sample households were selected using systematic random sampling.

The total sample size was determined by the rule of thumb that stating the minimum sample size should be
ten times the number of included variables plus fifty and also ten percent contingency. Based on this, the total
sample size was 220 households, out of which 121 households were non-irrigators and 99 households were
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irrigators. The sample size from each kebele was selected based on the proportional sampling method which is
determined using the following formula:
. (ND()
n=-—— (6))
XNi
Where ni - the sample to be selected from i kebele
Ni - the total population living in i kebele.
2Ni - the summation of population living in selected four kebeles
n - total sample size for the district
Descriptive and inferential statistics were used to summarize the socio-economic variables included and
econometric data analysis was performed to assess the impact of small-scale irrigation on household food security
using logistic regression model, propensity score matching (PSM) method. Stata version 15.3 was the package
used to perform data analysis.

2.4. Sources of data and method of collection

Both primary and secondary sources of data were used to collect data. Primary data were collected for sample
households using questionnaires. Secondary data were collected from different sources like the district bureau of
agriculture and rural development, published journals, kebele administration, etc.

2.5. Method of data analysis

2.5.1. Descriptive data analysis

Descriptive statistics like mean, percentage, standard deviation, maximum, and minimum were used to summarize
the socio-economic variables. T-test and chi-square tests were performed to report the statistical significance of
the continuous and dummy variables respectively. STATA V15.3 was the software used to analyze the collected
data.

2.5.1. Econometric data analysis

Household food security was measured in both daily calorie intake (DCI) and food consumption score (FCS) and
used as a dummy dependent variable to measure the impact of participation in small-scale irrigation on household
food security. Logistic regression was the model used to estimate the propensity score (PS), which is the probability
of participation in irrigation given observed covariates, that was used to match irrigation users and non-users in
terms of daily calorie intake (DCI) and food consumption score (FCS). The functional form of the Logit model is

expressed as:
1

Pi= E(D:1|Xl) = W 2)
For simplicity, it can be expressed as:
. 1
P= ez (3

The probability of participation in irrigation is expressed by equation 3 and also the probability of non-

participation in irrigation can be expressed as:
. 1
I-Pi=—= “
Similarly, the odds ratio in favor of participation in irrigation can be expressed as the ratio of the probability that

the household participate in small scale irrigation to the probability that the household do not participate in small
scale irrigation. This also can be expressed as:

Pi _ 1+eZi _ . 7i
1-Pi  1+e~Zi )
Taking the natural Logarithm of equation 4, we get:
i
Li=1In [1_—;,] = BotBrX i HBXo B Xt .. + PuXa +Us (6)
Where: Pi - is probability of participation in irrigation
Li - is logarithm of odds ratio
BiB2Bs-...... Bn are the coefficients to be estimated

X; - are the vectors of explanatory variables
Ui - is disturbance term

3. RESULT AND DISCUSSIONS

3.1. Descriptive results

3.1.1. Descriptive Results of dummy variables

Sex of the household head positively and significantly related to both household food security and participation in
irrigation. As presented in Table 1, out of 99 irrigation user households, 11.11 percent were female headed and
88.89 percent were male headed households. This is to mean that male headed households are more irrigation users
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compared to female headed households. Similarly, out of 195 food secure sample households, 12.3 percent were
female headed and 87.7 percent were male headed households, showing that male households are more food secure
compared to female headed.

Credit access also positively and significantly related to both participation in irrigation and household food
security. The result in Table 1 revealed that 95.9 percent of irrigation users have access to credit services, while
91.8 percent of irrigators are food secure. This is to mean that households having access to credit services are more
likely to participate in small scale irrigation and to be food secure compared to households not having access to
credit services.

Occurrences of crop pests negatively and significantly related to household food security and positively
related to participation in small scale irrigation. As presented in Table 1, 46.6 percent of households whose crop
fields were affected by crop pests were food secure and 57.6 percent of households whose crop fields affected by
crop pests were irrigation users. From these results, households whose fields affected by crop pests are less likely
to be food secure, but more likely to participate in irrigation. According to the responses from the sample
households, households whose crop fields affected by pests during the main season tends to participate in small-
scale irrigation during the off-season to compensate the yield loss during the main season.

Finally, access to extension contact positively and significantly related to household food security. From the
result, 88.2 percent of households having access to extension contact were food secure.

Table 1. Descriptive results of dummy variables

Dummy variables
Dependent Sex of the head Credit access Crop pests Extension contacts
Fem Male Total | No Yes Total | No Yes Total |[No Yes Total

No | 24 97 121 17 104 121 68 53 121 17 104 121
Irrigation | Yes | 11 88 99 4 95 99 42 57 99 13 86 99
use chi? 3.097 6.32 4.132 0.039

Pr. 0.078* 0.01** 0.042%* 0.843
Food No 11 14 25 5 20 25 6 19 25 7 18 25
security Ygs 24 171 195 16 179 195 | 104 91 195 23 172 195
status chi? 16.636 3.57 7.626 4.941

Pr. 0.000%** 0.059%* - 0.006*** 0.026**

Note: *, ** and *** shows the significance levels at 10% 5% and 1%

3.1.2. Descriptive Results of continuous variables

Age of the household head negatively and significantly related to both household food security and participation
in irrigation. The mean age of food secure household was about 43 years while that of food insecure was about 49
year. Similarly, the mean age of irrigator households was 42 while that of non-irrigators was 45 years. From these
results, aged households are less irrigators and less food secure compared to the younger household heads. This is
as the result of aged households are less likely to adopt new technologies.

The educational status of the household head positively and significantly related to household food security.
From the result in Table 2, the mean educational level of food secure households was 4, while that of food-insecure
was 2 years of schooling. From this result, more educated household heads are more food secure compared to non-
educated or less educated household heads.

The dependency ratio showed a strong negative relationship with household food security status. The mean
dependency ratio for food secure households was 0.8, while that of food-insecure households was 1.5. The
households having more dependent family member are less food secure. This is because of dependency ratio will
reduce the number of an active family member and also increase the burden of active family members to feed the
dependent family members.

Livestock holding significantly related to household food security positively, and negatively to participation
in irrigation. Food secure households own more than 7 livestock on average, while that food insecure own less
than 6. Irrigator households own about 6 while non-irrigators own about 8 livestock measured in tropical livestock
unit (TLU).

Family size negatively and significantly related to household food security, and positively and significantly
related to participation in irrigation. The average family size for food secure households was about 5 persons,
while that of food-insecure was about 6. Irrigator households own 5 families on average, while non-irrigators own
about 4. Large family households are less food secure, but more irrigation users.

Market distance negatively and significantly related to household food security. The mean market distance to
food secure and insecure households were 5.3 and 6.3 respectively. This variable is not significantly different for
irrigators and non-irrigators.

Irrigation distance negatively and significantly related to both household food security and participation in
irrigation. The mean irrigation distance to food secure and insecure households was 2.1 and 2.6 kilometres
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respectively, while that of irrigators and non-irrigators were 1.9 and 2.3 kilometres respectively.

Land ownership showed positive relation to both household food security and participation in irrigation.
Average land ownership for food secure and non-secure households were 1.5 and 0.6 hectares respectively, while
it was 1.7 and 1.4 hectares for irrigators and non-irrigators respectively. Households having more land were more
irrigators and also more food secure.

Table 2. Descriptive results of continuous variables by participation in irrigation and food security

Variables Food secure  Food insecure Irrigators Non irrigator

mean St.dev mean St.dev t-value mnean St.devn mean St.dev t-value
Age of head (years) 433 975 489 97 -2.7%* | 423 104 454 92  -2.5%*
Education of head (years) 43 3.9 236 29 237** |45 4.0 3.7 3.7  1.38
Dependency 0.82 .68 1.5 0.7 F4.6*** 0.9 .62 0.9 0.8 -0.31
Livestock (TLU) 7.2 4.1 5.5 2.1  2.04** | 6.3 37 7.5 4.1 -2.2%*
Family size (AE) 4.5 1.8 5.9 2.5 -3.7**%% |49 2.0 4.4 1.8  2.7%*
Off-farm income 1000 Bir | 7.5 10.2 8.9 93 -0.67 7.2 9.7 8.1 10.2  0.67
Market distance (KM) 53 2.2 6.3 22 -2.16%F |52 23 5.5 2.1 -1.30
Irrigation distance (KM) 2.1 0.8 2.6 .8 -2.61** | 1.9 0.8 23 0.7  -3.3%%*
Land owned (hectares) 1.5 1.2 0.6 0.6 3.9%* |17 1.2 1.4 1.2 2.3%*

Note: ** and *** shows the significance levels at 5% and 1%

3.2. Econometric results

Logistic regression was used to estimate propensity score (PS). Participation in irrigation used as dummy
dependent variable and as independent, 13 variables were included. As stated in Bernard et al (2007), conditional
on the ability of propensity score to overcome potential sources of bias, program participant and non-participant
become comparable.

Table 3. Logistic regression result of estimation of propensity scores

Participation in irrigation Coef. St. Err. zZ
Sex of the household head 1.286 0.497 2.580
Age of the head (years) -0.069 0.021 -3.240
Education of the head (years) 0.052 0.044 1.190
Family size (AE) 0.425 0.112 3.800
Dependence ratio -0.041 0.252 -0.160
Livestock holding (TLU) -0.150 0.047 -3.230
Land owned (hectares.) 0.466 0.153 3.050
Distance of irrigation site (KM) -0.493 0.222 -2.220
Off-farm income (Birr) -0.000 0.000 -0.120
Occurrence of crop diseases 0.979 0.365 2.680
Access to extension contact 0.666 0.507 1.320
Market distance (KM) -0.056 0.074 -0.750
Access to credit services 1.315 0.647 2.030
Constant -1.025 1.541 -0.670
Logistic regression Number of obs. =220

Log likelihood = -118.2 Prob. > chi®? = 0.0000

LR chi2 (13) =66.35 Pseudo R?=  0.21

Following the estimation of the propensity score, the common support region was set, and 19 observations
were rejected (16 from irrigators and 3 from non-irrigators) based on restricting common support. The radius
matching with a band with 0.1 was the appropriate matching algorithm used. A covariate balancing test was also
done and all the covariates balanced after matching with the mean bias of 4.7 and the pseudo R2 of 0.006. Then,
the average treatment effect on the treated (ATT) was estimated using both methods of measuring household food
security (daily calorie intake and food consumption score) as in Table 4.

Table 4. ATT estimated using both daily calorie intake and food consumption score

Outcome Variable Parameter Treated Controls  Difference  S. E (B.st) T-stat
Daily calorie intake (AE) ATT 5199.61 4670.56 529.05 252.81 2.09%*
Food cons. Score (FCS) ATT 49.12 45.43 3.69 1.83 2.02%*

Note: ** shows that the variable is significant at Spercent probability level

Finally, the sensitivity analysis was done and the result revealed that the estimated average treatment effect
on the treated was not sensitive to unobserved bias up to 200%. Therefore, as presented in Table 4, the calorie
amounting 529kcal was the pure effect of participation in small scale irrigation and this means, household members
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of irrigation users on average consumed more energy of 529 kilocalories than the family members of irrigation
non-users and this difference was significant at 5 percent. This result is similar to the results reported by Beneberu
and Biazin, 2020 and Abdisa et al. 2017

Similarly, household members of irrigation users have a better food consumption score profile than irrigation
non-users, and the difference is 3.69 on average, and this difference was significant at 5 percent probability level.
Therefore, controlling for pre-intervention differences using propensity score matching, participation in small scale
irrigation improved household food security measured in both daily calorie intake and household food
consumption score.

4. CONCLUSION

The study was conducted with the main objective of assessing the impact of small-scale irrigation on household
food security in Walmara district, central highlands of Ethiopia. A multi-stage sampling technique was employed
to select 220 sample households from four randomly selected kebeles. Logistic regression and propensity score
matching were used for econometric data analysis.

The descriptive result showed that the sex of the household head, access to credit services, occurrence pf crop
pests and diseases, age of the household head, livestock holding, family size, irrigation distance and land ownership
were the variables that showed a significant relation with irrigation participation. Similarly, sex, credit access, crop
disease, extension contact, age, education, dependency, livestock holding, family size, market distance, irrigation
distance and land ownership were the variables that significantly related to household food security.

To assess the impact of small-scale irrigation on household food security, the propensity score was estimated
and the common support region was restricted. Based on this common support, 118 irrigation non-users were
matched with 83 irrigation users by discarding 19 observations that are out of the common support. The matching
qualities were checked using pseudo R2 which is 0.006, matched sample size which is 201 and the number of
balanced covariates which was 13. Finally, the ATT was estimated.

The estimated ATT revealed that both methods of measuring household food security (individual’s daily
calorie intake and food consumption score) showed a significant mean difference for irrigation users and non-
users. On average, a family member of irrigation user households consumes more calorie of 529 kcal than the
family member of irrigation non-users, which is a statistically significant difference. Similarly, irrigation user
households have a better food consumption score profile than irrigation non-users, and on average, irrigation user
households got 3.69 more value of food consumption score, which also a statistically significant difference.

Therefore, government policies and strategies (agricultural policies and strategies) focusing on promoting
small scale irrigation should be implemented to take out the lives of millions of small-holder farmers from the
state of food insecurity and poverty, especially in erratic rainfall and drought-prone areas of the country.
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