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Abstract

Background: Adamitulu Jido Komoblcha is one of the districts located in lowland areas of the Oromia region with
irrigation potentials of 14,000 hectares out of which only 2568 hectares are under small-scale irrigation practices.
Though there are a lot of households using irrigation in the study area, the impact that it has brought on the food
security of the household is not yet well studied in the area. Several related studies reviewed lack appropriate impact
evaluation methods in studying the impact of small-scale irrigation on food security that may result in overestimation
or underestimation of the impact. To this end, the main motivation behind this study was to examine whether small-
scale irrigation in the study area is creating positive change on household food security or not using the propensity
score matching approach.

Methodology: Both primary and secondary data were collected and used in the study. The primary data were
collected from randomly selected 94 irrigation users and 100 non-user households from February to March 2018.
Secondary data were collected from a review of different works of literature. Both descriptive statistics and econo-
metric models were applied to analyze the data using Stata software version 13. The study applied the propensity
score matching (PSM) model to analyze the impact of small-scale irrigation on food security. In analyzing the impact
of small scale irrigation on food security, we have used calorie intake, crop harvest and consumption both from own
production and bought from the sale of the crop harvest produced through irrigation as an indicator of food security.

Result: The study has found that participation in irrigation is positively determined by age, education, land size,
access to extension service, and participation in off or non-farm activities. In contrast to this, participation in irrigation
is negatively determined by distance from farm plot to water source and distance from the main market. The results
of the nearest neighbor and caliper matching estimators show that participation in small-scale irrigation increased the
daily calorie intake of the small-scale irrigation users by 643.76 kcal over non-user households. Similarly, it increased
their daily calorie intake to 596.43 kcal and 591.74 kcal, respectively, with radius and kernel matching estimators. The
result further indicted that irrigation had positive impact on crop production, consumption and revenue generation
which all together indicated improvement in food security. The sensitivity analysis test shows that impact results esti-
mated by this study were insensitive to unobserved selection bias which shows it is a real impact of the irrigation.

Conclusion: It was concluded that irrigation has a positive and significant impact on household food security. Con-
cerned bodies that working on small-scale irrigation development therefore should continue investment in irrigation
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activities for poverty reduction strategies and scale-up irrigation interventions to the other areas where there is

potentially irrigable land.

Keywords: Small-scale irrigation, Impact, Food security, Propensity score matching

Background

Around the world, over 307 million hectares were pre-
pared for the water system, of which 304 million hec-
tares were for the full control water system and 261
million hectares were equipped for full control and irri-
gated [1]. Irrigation-based agriculture plays an essen-
tial role for global food security and for the welfare of a
large share of the world’s population, as it provides about
40% of the global crop production [2]. Moreover, it has
a substantial impact on global water resources, and cur-
rently about 70% of humanity’s demand for fresh water
originate from irrigation [3]. At the World Food Summit
in 1996, the Food and Agriculture Organization (FAO)
estimated that 60 percent of the extra food required must
in the future come from irrigated agriculture. The Inter-
national Commission on Irrigation and Drainage (ICID)
also estimated that current food production would have
to double within the next 25 years. To meet the food
demand and reduce poverty, over time, the area irrigated
by groundwater has increased in importance around the
world. Groundwater development has been growing at
an exceptional rate in recent decades. More reliable water
delivery and declining extraction costs due to advances in
technology and, in many instances, government subsidies
for power and pump installation have encourages pri-
vate investment in tube wells. For example, in India and
Northern China, the area irrigated by groundwater rose
from about 25 percent in the 1960s to well over 50 per-
cent in the 1990s. The Source of irrigation water varies
widely between countries depending on the hydrogeolog-
ical and climatic conditions and historical development
of irrigation. Responses to a recent ICID questionnaire
of irrigation practices show that, among the major coun-
tries, India has over 50 percent of its area irrigated from
groundwater, followed by the USA (43 percent), China
(27 percent), and Pakistan (25 percent). That percentage
can reach as much as 80 percent in developed countries
[4].

As an agricultural intensification method, irrigation
could play a dominant role in increasing agricultural
production and productivity. Because of this, it has been
continued to be a special concern and one of the focus
areas of policymakers and planners. In Sub-Saharan
Africa, there are varied water endowments where 40
million hectares of its land are suitable for irrigation [5]
and irrigation development represents the most impor-
tant interface between water and land resources [6]. In

the last three decades, sub-Saharan Africa has witnessed
increased public and scholar’s interest in the use of small-
scale irrigation in general and small dams in particular
[7].

Ethiopia is gifted with various water resources with 12
rivers, 22 natural and artificial lakes and groundwater.
Water potential of the country varies from 2.6 to 13.5
billion m? per year, which makes an average of 1575 m>
of physically available water per person per year [8]. Fur-
thermore, Ethiopia has at least 5.3 million hectares of
irrigation potential in which 3.7 million hectares from
gravity-fed surface water, 1.1 million hectares from
groundwater and 0.5 million hectares from rainwater
harvesting [9]. Though there is a huge irrigation potential
in the country, majority of its population are still directly
or indirectly engaged in irregular rainfall-dependent
agriculture [10]. To use this irrigation potential effec-
tively, the development policy of the country, regional
states and non-governmental organizations are promot-
ing small-scale irrigation scheme development so as to
increase and stabilize food production in the country
[11].

In Ethiopia, the central role of irrigated agriculture
within the context of poverty reduction efforts is well
understood as it increases the production of agricultural
raw materials, exploit land and reduce dependence on
rain-based agriculture [12]. Use of small-scale irrigation
has a great importance to produce more during rainfall
shortage periods. It can contribute to overall livelihood
improvement of the rural population through increased
income, food security, social needs fulfillment and pov-
erty reduction [13, 14]. As a result, irrigated agriculture
currently is a priority in the agricultural transformation
and food security strategy of the Ethiopia government
[11].

Adamitulu Jido Komoblcha is one of the districts
located in lowland areas of Oromia region with irrigation
potentials of 14,000 hectares. The district is endowed
with four major rivers that include Bulbula, Jido, Hora
Kalio and Gogessa as well as Lake Ziway for small-scale
irrigation schemes that cover a total of 612 ha of land
[15].

There are different studies that show a positive impact
of small-scale irrigation on food security. A study con-
ducted by [16] in Malawi shows that more than 70% of
all the adopters were food insecure before adoption of
the irrigation but their food security has significantly
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improved because of irrigation practice. A study con-
ducted by [17] in Swaziland concluded that irrigation
has positive impact on food security. Moreover, [18-23]
and [13] have found that irrigation has a positive impact
on household food security. However, the main gap of
these studies is the lack of appropriate impact evaluation
methods that may deal with the selection bias issue since
irrigation participation is not random. Ignoring this may
result in underestimate or overestimate of impacts of
irrigation on food security of the households. It is obvi-
ous that food security is a cumulative effect of socio-eco-
nomic, demographic and institutional factors, not merely
irrigation. Studying impact without controlling the pos-
sible effect of these factors may lead to biased result and
conclusion. Therefore, in this study we applied propen-
sity matching method to control the effect of these fac-
tors to examine relatively the true impact of small-scale
irrigation on food security of households.

Research methodology

Description of the study area

This study was conducted in Adamitulu Jido Komobl-
cha, district located about 167 km to the south of Addis
Ababa, capital of Ethiopia. Geographically, it is located
between 7004“N to 7037 “North latitude and 38032
“E to 39004“E longitude. The district covers an area of
1403.3 km?. Altitude of the district varies between 1500
and 2328 m above sea level with annual average rainfall
759.7 mm and average temperature of 24 °C [15]. Accord-
ing to the district Finance and Economic Development
Office [24], the district has total population of 179,840;
out of which 51.76% is male and 48.24% is female. The
total households of the district are 26,982 in which 20,137
are headed by male and 6845 are headed by female. Like
other parts of Ethiopia, the main economic activity of the
district is agriculture where 94% of its populations earn
their livelihood from it, while the rest depend on off-
farm activities such as petty trade, formal employment
and casual wage works. The district is suitable for crop
production, livestock rearing and fishery development.
In the district, maize, haricot bean, teff, wheat, barley and
sorghum are grown under rain-fed condition while veg-
etables such as tomato, onion, green beans and cabbage
are grown using irrigation. Cattle, sheep, goat, horse,
donkey, mule and poultry are the main livestock reared in
the district [15]. A map indicating the study area location
is presented in Fig. 1.

Sampling technique

Multi-stage sampling procedures were used to select
sample respondents. First, Adami Tulu Jido Kombolcha
district was selected purposively because of its potential
for irrigation. Secondly, two kebeles namely Bochesa and
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Dodicha were selected randomly from the seven irriga-
tion potential kebeles. Following this, households were
stratified into irrigation user and non-user categories.
Cochran formula [25] was used to determine the sam-
ple size considering 95% confidence level (z=1.96), 45%
estimated proportion of an attribute in the population (p)
and 7% level of precision (E) from 1084 total households.
Thirdly, 94 irrigation users and 100 non-user households
were selected randomly based on probability proportion
to sample size:

., (Za/2)*pg  (1.96)%(0.45)(0.55)
0: = =

194,
E2 (0.07)2

where ng is the sample size, z is the selected critical value
of desired confidence level, p is degree of variability in the
population, g=1—p and E is the desired level of preci-
sion. In social science survey, a commonly used margin of
error is 10% of the expected average value [26]. Accord-
ing to [27], in determining sample size 3%, 5%, 7% and
10% of margin of error are accepted. Bartlett [28] argue
that 5% of margin of error is acceptable in determining
sample size. Others further argue that an acceptable mar-
gin of error used by survey researchers falls between 4
and 8% at the 95% confidence level [29]. However, for this
study, considering available resource to manage the study
we used 7% precision level to determine the sample size.

Data source and methods of collection

In this study, we collected both primary and secondary
data from different sources. Sample respondents were
primary data source for this study. To collect primary
data from the respondents, we developed question-
naires focusing on socio-economy, demographic, insti-
tutional characteristics and food consumption condition
of the respondents. The questionnaire was prepared in a
way they measure objective of the study. Following, we
selected four enumerators and provided training on the
questionnaire and general data collection mechanisms
for 2 days. After the training, actual data collection was
undertaken by those enumerators with the supervi-
sion of authors to solve any problems that arise during
the process of data collection. Secondary data were col-
lected from review of different documents which include
research works, books, office reports, journal articles
written by different scholars.

Methods of data analysis

In this study, we employed both descriptive statis-
tics and econometric models. Descriptive analysis was
undertaken using t-test and x2. T-test was employed
to compare mean differences between irrigation users
and non-users across continuous variables and x2 test
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Fig. 1 Map of the study area [15]

was employed to test the difference between the groups
across categorical variables. Propensity score matching
model (PSM) analysis was applied to analyze impact of
small-scale irrigation on food security.

Propensity score matching (PSM)

PSM is conditional probability that farmers adopt a new
technology, given pre-adoption characteristics [30].
The method of matching has achieved popularity more
recently as a tool of impact evaluation. In the imple-
mentation process, matching is done by constructing a
comparison group of individuals with observable char-
acteristics similar to those of the treated [31]. There
are five steps involved in implementing the PSM that
includes estimation of the propensity scores, matching
treatment and control groups, checking common sup-
port condition, testing the matching quality and sen-
sitivity analysis [32]. However, for the simplicity and
clear presentation, we have merged the steps and pre-
sented them as follows.

Estimating the propensity score

Propensity score is the probability of participation in a
given intervention determined based on pre-interven-
tion characteristics. When estimating the propensity
score, two choices have to be made. The first one con-
cerns the model to be used for the estimation, and the
second one the variables to be included in this model
[32]. Regarding the model choice several studies aimed
at assessing impact analysis apply a probit/logit model
to determine propensity score [33]. According to [34],
employing probit or logit model leads to similar results
when estimating propensity score of an individual’s
being adopter or non-adopter. However, due to its sim-
plicity, this study applied logit model to estimate the
propensity score of the sampled households. The model
takes a value 1 for irrigation users and O for non-users.
The mathematical formulation of logit model is speci-
fied as follows:

Pi=(yi=1/x) = 1/(1 + e(5°+ﬁle)). (1)
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This equation can be written as:

1

Pi= ——-,
1+e %

()
where Pi is the probability of using irrigation and e repre-
sents the base of natural logarithm and Zi is the function
of explanatory variables (x)

Pi=1/ (1+ e zi) is the probability of not using irrigation

Then, the odds ratio in favor of using irrigation is given
by 1 L L'Pi b y taking the natural log of the equation we get
the following:

Li=In[ 11_) iPi]: Z with the error term incorporated, the
logit model will have the following form:

Z = Bo + Bix1 + Baxa + B3xs + ... Buxn + U,  (3)

where x 1, X 2, x 3 ...xn are the explanatory variables of
the model, B0 is the intercept p1, 2, B3...... Bn are the
coefficients to be estimated in the model and U is the
error term. Regarding variable choice, we selected 13
independent variables used to determine the propensity
score of the households (Table 1).
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Matching irrigation users with non-users and checking
common support region

In this study, we applied the most commonly used near-
est neighbor, kernel, radius and caliper matching algo-
risms to match irrigation users with non-users [35]. After
that common support region was identified to delete all
observations which lie outside this region [32].

Testing the matching quality and identifying the impact

A suitable indicator to assess the distance in marginal
distributions of the X variables is the standardized bias
(SB) suggested by [36]. It is used to quantify the bias
between treated and control groups. Mathematically esti-
mation of the impact of small-scale irrigation to a given
outcome (Y) is specified as:

tATT =Yi(Di=1) — (Di= 0), (4)

where t1i is treatment effect (effect due to participa-
tion in irrigation), Yi is the outcome on household i, Di
is whether household i has got the treatment or not (i.e.,
whether a household participated in irrigation or not).

Two treatment effects are most frequently estimated
in empirical studies [32]. The first one is the (population)
average treatment effect (ATE) which is simply the differ-
ence of the expected outcomes:

AYATE = E(AY) = E(Y1) — E(Y0). (5)

Table 1 Description of variables used in the logit model and their descriptive statistics

Variable code Variable description Irrigation users  Irrigation Total household t-test (Chi?)
(n=94) non-users (n=194)
(n=100)
Mean SD Mean SD Mean SD

SEXHHD Sex of the household head (1 if household head is male, 0 85.11 1489 90 10 8763 1237 107

otherwise)
EDULEV Education of the household head in schooling years 4.26 236 356 217 39 229  2.16**
AGEHHD Age of the household head in year 3854 821 3598 756 372 796  226%*
HHFEX Farming experience of the household head in years 15.18 752 1292 763 14.01 765  207*
FAMSIZE Number of people resending in the household 538 275 427 183 4.8 238  333%
DEPNDRTO Dependency ratio in number 207 12 214 143 2.1 132 033
TOCLAND Total land owned by respondents in hectares 2.1 088 156 0.7 1.82 083  4.77%**
LIVSTO Total livestock owned by respondents in Tropical Livestock Unit 6.48 409 458 262 5.5 354  3.85%**
NEAWAT Distance from water point to the farming plot in km 1.09 053 146 45 1.28 0.84  3.05%**
DIMAR Distance to the main market in km 6.02 223 648 27 6.26 249 128
ACCEXT Access to extension service (1 if household head received train- 78.72 21.28 49 51 634 366  184%**

ing regularly during the last 1 year prior to the survey time, 0

otherwise)
ACCRED Access to credit (1 if household head received credit from 53.19 4681 28 72 40.21 59.79 12.79%**

formal lending institutions during the last 1 year prior to the

survey time, O otherwise)
NONFRMA Total amount of annual non/off-farm income of the household  1673.72 232185 713.7 16338 117886 2049.01  334***

in Ethiopian birr

™ p<0.05;** p<0.01
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This measure answers the question what would be the
effect if households in the population were randomly
assigned to treatment. But this estimate might not be
of importance to policy makers because it includes the
effect for which the intervention was never intended.
Therefore, the most important evaluation parameter
is the so-called average treatment effect on the treated
(ATT), which concentrates solely on the effects on
those for whom the program/interventions are actually
introduced.

In the sense that this parameter focuses directly on
those households who participated, it determines the
realized impact of small-scale irrigation usage and help-
ing to decide whether participation on irrigation is suc-
cessful or not.

It is given by the following formula:

tATT = E(t/D = 1) = E(Y1/D = 1) — E(YO/D = 1).
(6)
This answers the question, how much did households
participating in irrigation benefit compared to what they
would have experienced without participating. Data on E
(Y1/D=1) are available from irrigation users. An evalu-
ator’s classic problem is to find E (YO/D=1). So the dif-
ference between E (Y1/D=1)—E (YO/D=1) cannot be
observed for the same household. The possible solution is
to use the mean outcome of the comparison individuals,
E (YO/D=0), as a substitute to the counterfactual mean
for those being treated, E (YO/D =1) after correcting the
difference between user and non-user households arising
from selection effect. Thus, by rearranging, and subtract-
ing E (YO/D =0) from both sides of equation, one can get
the following specification for ATT:

E(Y1/D = 1) — E(YO/D = 0)
— tATT + E(YO/D = 1) E(YO/D = 0). %

Sensitivity analysis

This section presents the last implementation step of the
PSM conducted to check how the finding of this study is
free from hidden bias. The basic question to be answered
here is whether inference about treatment effects may
be altered by unobserved factors [37]. The estimation
of treatment effects with matching estimators is based
on the unconfoundedness or selection on observables
assumption. However, if there are unobserved variables
which affect assignment into treatment and the out-
come variable simultaneously, a ‘hidden bias’ might arise
[38]. Since it is not possible to estimate the magnitude of
selection bias with non-experimental data, the problem
can be addressed by sensitivity analysis [37]. In order to
check for unobservable biases, using Rosenbaum Bound-
ing approach sensitivity analysis was performed on the
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computed outcome variables with respect to deviation
from the conditional independence assumption [32].

Literature review on food security and its measurements
According to Maxwell [40], the concept of food security
revolves around three major paradigms. The first para-
digm conceptualizes food security from the global and
the national to the household and the individual level,
the second paradigm shift was from a food first perspec-
tive to a livelihood perspective, and the third one is from
objective indicators to subjective perception. The con-
cept of food security has been changing from period to
period. During 1950s to 1970s, the focus was on national-
level, supply-side availability of sufficient food to feed a
growing population [41]. In the early 1980s, focus turned
increasingly to the demand side of food security, to indi-
viduals’ capacities to access food in order to feed them-
selves. More recently, further emphasize is given to the
utilization of foods through proper nutrition, prepara-
tion, and feeding practices, and the stability of these
conditions over time [42]. Among growing concepts of
food security, the prevailing definition agreed upon at
the 1996 World Food Summit, is that food security exists
when all people, at all times, have physical and economic
access to sufficient safe and nutritious food to meet their
dietary needs and food preferences for a healthy and
active life [43]. This can further be explained as achiev-
ing food security requires that the aggregate availability
of physical supplies of food is sufficient, that households
have adequate access to these food supplies through their
own production, through the market or through other
sources, and that the utilization of these food supplies is
appropriate to meet the specific dietary needs of individ-
uals [44]. Hence, availability, access, utilization, and sta-
bility are now widely accepted as the four pillars of food
security [45].

Given these multidimensional nature of food security,
the two notable issues in food security studies needing
attention are measurement of food security and econo-
metric model used for analysis [46]. The issue related
with econometric model was explained in the methodol-
ogy part as a result here we will focus only on the meas-
urement approach. Indicators to measure food security
have been proposed over decades: from narrow meas-
urement on specific variables to complex indexes aimed
at synthesizing the multiple dimensions that character-
ize food security [45-48]. Several classifications have
been adopted to organize the indicators. First, indicators
of food security may synthesize information at differ-
ent levels (global, national, household, and/or individ-
ual); second, indicators may be oriented to one or more
dimensions of the food security (availability, access, uti-
lization, and stability); third, they can be distinguished
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in static and dynamic indicators; fourth, they may privi-
lege a particular type of information [47]. To date, no
food security measure satisfies four pillars of food secu-
rity. As a result, global community has relied heavily on
proxy measures that attend to one, two or perhaps three
of these axioms [45]. However, a combination of meas-
ures and indicators is needed to fully reflect the complex
reality of food security in any given context [49]. Accord-
ing to Awoke [50] food security can be measured in dif-
ferent ways depending on the purpose and scope of the
study. For instance, the food security can be measured by
household survey food consumption data, caloric intake,
dietary diversity, household food insecurity access scale,
food adequacy question and the like. When we come to
our case, our focus is on the impact of small irrigation
on food security at households. Considering the scope of
the study, we measure food security using calorie intake.
Furthermore, we also addressed availability component
of food security in surveying food produced through
irrigation, access component through additional food
items bought from the sale of surplus production. As to
stability, irrigation is believed to guarantee food security
through multiple production regardless of shortage of
rainfall throughout year. In the study area, farmers able
to produce enough food during dry seasons in sustain-
able basis for their consumption and sale for additional
income.

As indicated above, we used calorie intake as a proxy
of food security which has been widely used by differ-
ent authors as a measure of food security. It is one of
the most direct indicators related to food security of
the household [51, 52]. This method has two principal
advantages. It produces the most accurate measures of
individual caloric intake and therefore the most accurate
measure of food security status of an individual. Second,
because the data are collected on an individual basis, it
is possible to determine whether food security status dif-
fers within the household [53]. There are several stud-
ies that have used calorie intake as a measure of food
security. A study conducted by [54] considered amount
of calorie intake to categorize households as either food
secure or insecure in examining the main determinants
of food security of the households. Gebremichael [55] in
his study considered calorie intake as a measure of food
security in examining the impact of Mai Nugus irriga-
tion scheme on household food security. Similarly, [11]
also measured food security in terms of calorie intake
in impact analysis of small-scale irrigation schemes on
household food security in Ethiopia. Another study con-
ducted in Nigeria [56] employed daily calorie intake as a
measure of food security in examining determinants of
food security among households. In assessing the food
security status of households, Weldearegay and Tedla
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[57] grouped households into three categories based on
their calorie availability/adult equivalent/day: food secure
(>2100 kcal/adult equivalent/day), moderately food inse-
cure (>1050 to<2100 kcal/adult equivalent/day) and
severely food insecure (< 1050 kcal/adult equivalent/day).

Following the suggestion of FAO, WHO and UN ([58],
in this study, food security was measured based on calo-
rie requirement, according to age and sex of household
members. Accordingly, household calorie availability was
computed from each food item consumed over the last 7
days before the survey time. Ethiopian Health and Nutri-
tion Research Institute (EHNRI) conversion factor for
kilocalories per kilogram of different food types was con-
sidered to calculate the calorie intake of households [59].
The net weekly calorie availability was divided by seven
to obtain the household daily calorie intake. Then the
family size of each household was converted into adult
equivalent considering age and sex of each family mem-
ber in the household. The daily net calorie consumption
of the household was divided by the adult equivalent to
obtain the daily calorie availability per adult equivalent of
the household.

Results and discussion

Descriptive characteristics of the respondents

The result of descriptive statistics presented in Table 1
shows that there was significant difference between
irrigation users and non-users in their education, age,
farming experience, family size, land holding, livestock
holding, distance from water point to the farming plot,
access to extension service, access to credit and non/
off-farm income. However, no significant difference was
observed between two groups in their sex, distance to the
main market and dependency ratio. The mean age of the
total respondents was 37.2 years. The mean age of irri-
gation users was 38.54 years and the mean age of irriga-
tion non-users was 35.98 years implying relatively older
households participate in the small-scale irrigation prac-
tices than the younger ones. The result of t-test shows
that there was statistically significant mean difference
between irrigation user and non-user household in their
age at 5% significance level. The mean schooling year
of the entire sample was 3.9 years. The average school-
ing year of irrigation users and non-users was 4.26 and
3.56 years, respectively. A significant difference between
two groups indicates that irrigation users are better off
in terms of educational attainment than non-user house-
holds. Average farming experience of irrigation users was
15.18 years with standard deviation of 7.52 years as com-
pared with the average farming experience of non-users
(12.92 years). The difference was statistically significant
at 5% significance level. This shows that irrigation users
have relatively more experience in farming activities than
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their counterparts which may result from their age dif-
ference. The average family size of sample household was
4.8. On average, about 5.38 individuals live in households
who practice small-scale irrigation against 4.27 individu-
als in non-user households which implies family labor
demand of irrigation activities is higher than rain-fed
agriculture. The mean family size comparison between
the two groups revealed that there was statistically sig-
nificant difference between two groups at 1% significant
level. The mean land holding size of irrigation user and
non-user household was 2.1 and 1.56 ha with standard
deviation of 0.8 and 0.7 ha, respectively. The difference
was statistically significant at 1% significance level. This
shows that irrigation users have relatively large land than
non-user groups. The mean livestock holding of irriga-
tion user and non-user household was 6.48 and 4.58 in
TLU, respectively. The difference was statistically signifi-
cant at 1% significant level which implies irrigation users
owned relatively more number of livestock than non-
user households. The study revealed that the mean dis-
tance from irrigation user respondents’ residence to the
main market was 6.02 km and it was 6.48 km for non-
user households showing no statistically significant dif-
ference between the two groups. The mean dependency
ratio of irrigation user and non-user sample household
was 2.07 and 2.14 which also shows insignificant differ-
ence between the two groups. The mean distance from
water point to the farming plot was relatively lower for
irrigation user households (1.09 km) than non-user
households (1.46 km) which is significant at 1% signifi-
cance level. This shows that distance is affecting non-user
households not to participate in small-scale irrigation
activities. The average annual off/non-farm income was
larger for irrigation user household (1673.72 ETB) than
for non-user households (713.7 ETB) with statistically
significant difference at 1% significance level. This may
indicate from the income obtained from irrigation activi-
ties respondents able to diversify their source of income
to off/ non-farm earning also.

The result of descriptive statistics presented on Table 1
shows that 85.11% of irrigation user households were
male headed implying irrigation activities are mainly
dominated by male headed households. The Chi-square
test result shows that, there was no statistically signifi-
cant difference in sex distribution between irrigation user
and non-user households. The result of the study also
indicates that about 53.19% of irrigation users obtained
credit in the past one year as compared with 28% of irri-
gation user. The Chi-square test shows that there was sig-
nificant difference between irrigation user and non-user
in accessing credit services at less than 1% significance
level. This indicates that irrigation activities need finance
to carry out irrigation farming like purchasing farm
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inputs, and hiring labor, transportation and others. In the
study area it was found that majority (78.72%) of irriga-
tion users attended extension-based training regularly
while only 49% of non-users attend the training in regular
base. The result of Chi-square analysis shows that there is
statistically significant difference between the two groups
in attending extension focused training at 1% significance
level. This difference may show that irrigation needs con-
tinuous training because there is continuous production
by using irrigation, which needs regular training than
rain-fed agriculture.

Econometric model analysis result

This section presents econometric model analysis result
followed to analyze the impact of small-scale irrigation
on household food security. The procedures of the PSM
model with its result are presented as follows: -

Determining the propensity score of households
Here binary logistic regression model was applied to
determine the propensity score of the sampled house-
holds using all the hypothesized variables that were
assumed to determine household’s decision to use small-
scale irrigation. The result presented in Table 2 shows
that age, education, land, distance from water point to
the farming plot, market distance, access to extension
service, and non/off-farm income were the major vari-
ables determining households’ participation in irrigation
use.

The survey result output presented in Table 2 shows
that education positively determines participation in

Table 2 Logit model output of household’s probability
of participation in irrigation use

Variables Coefficient Std. Err V4 p-value
SEXHHD —0.52 0.49 —0.94 0.345
EDULEV 0.15 0.08 1.87 0.062*
AGEHHD 0.04 0.03 1.76 0.078*
HHFEX 0.02 003 0.86 0.391
FAMSIZE 0.06 0.09 0.74 0461
DEPNDRTO —0.03 0.19 —0.21 0.832
TOCLAND 057 0.27 223 0.026**
LIVSTO 0.02 0.07 038 0.703
NEAWAT —042 034 —1.96 0.050**
DIMAR —0.14 (AN —1.82 0.068*
ACCEXT 1.24 0.52 2.96 0.003%**
ACCRED 052 0.50 133 0.184
NONFRMA 0.00 0.00 2.37 0.018**

LR Chi? (13) =65.76, Prob > Chi?=0.000, pseudo-R? = 0.2447, log likelihood
—101.49855

* p<0.1;*p<0.05; **p<0.01



Jambo et al. Agric & Food Secur (2021) 10:21

irrigation use at 10% significance level. This is because
education increases adoption rate of irrigation related
technologies and application of these technologies effec-
tively at farm plot level. A previous research finding of
several studies shows a positive influence of education
on irrigation adoption. Woldemariam and Gecho [60]
found that better educated farmers have better chance to
use irrigation because education equips individuals with
the necessary knowledge of how to make living. Literate
individuals are very ambitious to get information and use
it. As agriculture is a dynamic occupation, the conserva-
tion practices and agricultural production technologies
are always coming up with better knowledge. So, if the
household head is literate, he/she will be very prone to
accept extension services and irrigation use. Similarly,
[61, 62] and [63] are in agreement with this finding.

It was found that age positively and significantly deter-
mine decision to participate in small-scale irrigation
practices at 10% significance level. This indicate that as
the age of the farmers increase their farming experience
increase and they will be capable to manage their farm
effectively including irrigation activities. This finding is
consistence with [64] that shows positive relationship
between age and participation in small-scale irrigation
activities. According to this study, older farmers might
possess richer farming experience that could be easily
harnessed for improved irrigation activity.

Land and amount of income earned from non/off-
farm activities are positively determine participation in
irrigation at 5% significant level. A positive relationship
between land and irrigation participation shows that in
the study area most of farmers having small land size
participate in cultivating perennial cash crop and not
participate in irrigation activities as their land is already
occupied with cash crops. There are several studies that
shows the positive association between land size and
irrigation participation [65, 66] and [67]). Furthermore,
a positive relationship between irrigation use and non/
off-farm income is that irrigation by its nature needs a
finance to purchase farm equipment and hire labor. This
is consistence with [68, 69] and [13].

Access to extension services determines irrigation par-
ticipation positively and significantly at 1% significance
level. This shows that farmers who follow agricultural
extension focused training regularly are believed to have
better skill and knowledge on irrigation practices which
encourages them to participate in it. This is in agreement
with [70] and [71]. Moreover, the result of logistic regres-
sion shows that distance from water point to the farm-
ing plot and distance to the main market place negatively
determine participation in irrigation use at 5% and 10%
statistically significance level, respectively. This shows
when market place is too far from respondent’s residence
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it takes their time and needs more cost to transport farm
inputs and sell their produce which discourages them
from participating in irrigation activities. This is consist-
ent with [72]. A negative relationship between participa-
tion in small-scale irrigation activities and distance from
water point to the farming plot shows that when water
point is far from the place where crop cultivation takes
place, it exerts additional cost for farmers to transport
water from far distance for irrigation purpose that may
not be feasible for farmers which consequently discour-
age them not to take part in irrigation activities. A study
conducted by [60] is similar with this result justifying
that when the farm is far from main irrigation canals, it
needs high labor, financial and time costs to construct
sub-canals towards individual farm and minimize the
chances to use irrigation water.

Figure 2 shows propensity score distribution and com-
mon support region for propensity score estimation. The
upper half shows the propensity score distribution of irri-
gation user and the bottom halves of histogram shows
the propensity score distribution of non-user households.
The green colored (treated on support) and pink colored
(untreated on support) indicates the observation in the
irrigation user and non-user that have suitable for com-
parison, respectively, while the yellow colored (treated off
support) and blue colored (untreated off support) indi-
cates the observation in the irrigation user and non-user
that were not suitable for comparison, respectively.

Matching irrigation user with non-user household

and determining common support region

To match irrigation user with non-user households, we
applied four most widely used matching estimators like
nearest neighbor, caliper, radius and kernel estimators.
As shown in Table 3, we try to match irrigation users
with non-users in common support region. Accord-
ingly, 65 households from user group and 84 households
from non-user groups behave similar characteristics and
matched. As a result of this, 45 households (29 from irri-
gation user and 16 households) from non-user were dis-
carded from the study in impact assessment procedure.

Impact of small-scale irrigation on food security

Irrigation can contribute to food security in multi-
ple ways. According to Domenech [73], irrigation can
improve the amount of food available to the household
through two main channels. The amount and diver-
sity of homegrown food can improve as a result of hav-
ing access to irrigation water, and households may be
able to purchase more food as a result of having more
income from the sale of irrigated products. Further, Lip-
tona [74] emphasizes that irrigation boosts farm output
through three main ways. Firstly, irrigation improves
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Fig. 2 Propensity score distribution and common support region

yields through reduced crop loss due to erratic, unreli-
able, or insufficient rainwater supply. Secondly, irriga-
tion allows for the possibility of multiple cropping, and
so an increase in annual output. Thirdly, irrigation allows
a greater area of land to be used for crops in areas where
rain-fed production is impossible or marginal. Hence,
irrigation adoption is a means for smallholder farmers
to participate in multiple production year rounds which
helps to increase yield and improve their food security
regardless of season. It is also a means to produce a vari-
ety of crops for own consumption, sell to generate rev-
enue, and also to buy other food items for consumption
which all together have implications on food security.
Following this argument, to capture the real impact of
irrigation on food security and show a clear impact path-
way, we considered different outcomes including crops
consumed from own production, additional food items
bought and consumed from the revenue generated with
the sale of crops produced. Besides, the calorie intake of
the household was also considered as the other indica-
tor of food security by this study. Therefore, taking the
multidimensional impact of irrigation technology on
food security in to consideration, we tried to survey the
major crops growing with irrigation, annual crop produc-
tion, consumption, sale, revenue generated, and addi-
tional food items bought from the revenue generated. To
draw inference on the impact of small-scale irrigation on
food security, considering these outcomes in addition to
the calorie intake was found to be an important aspect.
In doing this, as we have no baseline data on the status
of the respondents before the adoption of small-scale

irrigation, we applied PSM to match adopters with non-
adopters having similar characteristics in terms of irriga-
tion adoption determinants. Based on the purpose of the
model, non-adopters is assumed to represent the pre-irri-
gation use status of the adopter households with respect
to independent and outcome variables after matching,
the only difference would be irrigation use. That is why
45 households (29 from irrigation user and 16 house-
holds from non-user) were discarded from the study in
impact assessment procedure and analysis was made for
only the matched sample (65 households from user group
and 84 households from non-user group).

Based on this, comparison of adopters and non-adop-
ters was made with respect to annual production, con-
sumption, revenue generation and additional food items
bought and consumed with the revenue generated and
their calorie intake. We have applied the most common
four matching algorisms (nearest neighbor radius, caliper
and kernel) to analyze the impact of irrigation on food
security.

It was found that the type of crops majorly grown and
consumed in the study area includes onion, tomato,
pepper, cabbage, maize, wheat, and bean. The result of
this study shows that irrigation users produced more
crop than non-users across all the matching estimators
(Table 3). The difference was statistically significant at a
1% significance level. The implication of this is that irri-
gation helps adopter households to produce more crop
for consumption as well as sell for additional income
generation.
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Table 3 Impact of irrigation use on crop production
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Matching algorisms Outcome (kg) Irrigation users Irrigation non-users ATT difference t-value p-value
Matched ATT Matched ATT
sample sample

Nearest Neighbor Onion 65 985.26 84 210.66 774.6 15.46 0.00%**
Tomato 65 37433 84 51295 3230.35 126 0.00***
Pepper 65 174041 84 26.15 1714.26 10.74 0.00***
Cabbage 65 3387.36 84 60.6 3326.76 9.50 0.00%**
Maize 65 3468.46 84 37230 3096.15 12.26 0.00***
Wheat 65 114290 84 23049 91241 21.26 0.00%**
Beans 65 1094.12 84 243.24 850.87 21.8 0.00***

Radius Onion 65 985.26 84 230.56 754.7 15.34 0.00%**
Tomato 65 37433 84 556.85 318645 14.22 0.00%**
Pepper 65 174041 84 74.38 1666.03 10.59 0.00%**
Cabbage 65 3387.36 84 151.15 3236.21 941 0.00%**
Maize 65 3468.46 84 426.32 3042.13 12.27 0.00%**
Wheat 65 1142.90 84 241.69 901.21 2147 0.00%**
Beans 65 1094.12 84 254.16 839.95 22.14 0.00%**

Caliper Onion 65 985.26 84 210.66 774.6 15.46 0.00%**
Tomato 65 37433 84 512.95 323035 1260 0.00%**
Pepper 65 1740.41 84 26.15 1714.26 10.74 0.00***
Cabbage 65 338736 84 60.6 3326.76 9.50 0.00%**
Maize 65 346846 84 372.30 3096.15 12.26 0.00***
Wheat 65 1142.90 84 23049 912415 21.26 0.00***
Beans 65 1094.12 84 243.24 850.87 21.80 0.00%**

Kernel Onion 65 985.26 84 2299 755363 1533 0.00***
Tomato 65 374330 84 562.03 3181.27 14.18 0.00%**
pepper 65 174041 84 72.30 1668.11 106 0.00%**
Cabbage 65 3387.36 84 150.10 3237.26 941 0.00%**
Maize 65 346846 84 4243 3044.06 12.28 0.00%**
Wheat 65 1142.90 84 24131 901.59 2147 0.00%**
Beans 65 1094.12 84 254 840.11 2213 0.00%**

™ p<0.01

The result of the nearest neighbor and caliper match-
ing algorism shows that the annual onion consumption
of irrigation users was 498.68 kg more than that of non-
users. Similarly, irrigation brought a positive impact on
tomato consumption of the irrigation user households.
It was found that the use of irrigation increased annual
tomato consumption to 1831.56 kg. On the other hand,
irrigation use significantly increased pepper, cabbage,
maize, wheat, and haricot bean consumption across all
the applied matching algorism (Table 4). This shows that
irrigation increase consumption of these crop harvest
which fills the food gap they had before irrigation use.

Moreover, it was found that respondents also sell sur-
plus crop production to generate revenue for their liveli-
hood including buying additional food items. An increase
in agricultural productivity as a result of irrigation adop-
tion can lead to increased food availability either for

own consumption or for marketing and income genera-
tion purposes. Irrigation can therefore be an important
source of income since smallholder irrigation systems are
frequently used to grow vegetables, fruits, and other cash
crops that are usually marketable and highly profitable
[73]. It was found that the mean annual income gener-
ated by irrigation users was found to be 102213.79 birr
across all matching algorisms. Whereas the maximum
mean annual income generated by the non-users was
found to be 9820.47 birr with radius matching algorism.
The output of the PSM shows that surplus crop produc-
tion helped households to generate more 94553.74 birr
than non-users with nearest neighbor matching algo-
rism (Table 5). It was depicted that surplus production
of crops due to irrigation helps households to generate
revue for their livelihood as well as to buy food items
needed to complement the food requirements in addition



Jambo et al. Agric & Food Secur (2021) 10:21 Page 12 of 16

Table 4 Impact of irrigation use on consumption

Matching algorisms Outcome (kg) Irrigation users Irrigation users ATT difference t-value p-value

Matched ATT Matched ATT
sample sample

Nearest Neighbor Onion 65 67267 84 173.98 498.68 16.05 0.00%**
Tomato 65 2262.13 84 430.56 1831.56 9.67 0.00***
Pepper 65 87.14 84 1.38 85.75 10.77 0.00***
Cabbage 65 508.32 84 9.15 499.17 9.51 0.00%**
Maize 65 867.11 84 93.07 774.03 12.26 0.00***
Wheat 65 735.65 84 119.33 616.32 1045 0.00%**
Beans 65 930 84 206.75 723.25 21.8 0.00***

Radius Onion 65 672.67 84 188.87 483.79 15.27 0.00***
Tomato 65 226213 84 44358 1818.54 11.56 0.00%**
Pepper 65 87.14 84 4.72 8241 1044 0.00%**
Cabbage 65 508.32 84 2332 485 941 0.00%**
Maize 65 867.11 84 106.58 760.53 12.27 0.00%**
Wheat 65 735.65 84 11593 619.72 10.76 0.00%**
Beans 65 930 84 216 713.96 22.14 0.00%**

Caliper Onion 65 672.67 84 173.98 498.68 16.05 0.00%**
Tomato 65 2262.13 84 430.56 1831.56 9.67 0.00%**
Pepper 65 87.14 84 1.38 85.75 10.77 0.00%**
Cabbage 65 508.32 84 9.15 499.17 9.51 0.00%**
Maize 65 867.11 84 93.07 774.03 12.26 0.00%**
Wheat 65 735.65 84 119.33 616.32 1045 0.00%**
Beans 65 930 84 206.75 72325 21.8 0.00%**

Kernel Onion 65 672.67 84 188.38 484.28 15.25 0.00***
Tomato 65 2262.13 84 44846 1813.67 11.51 0.00%**
Pepper 65 87.14 84 4.54 82.59 10.46 0.00***
Cabbage 65 508.32 84 2312 485.19 9.41 0.00***
Maize 65 867.11 84 106.09 761.01 2213 0.00%**
Wheat 65 735.65 84 11543 620.22 10.76 0.00***
Beans 65 930.0 84 215.90 714.09 2213 0.00%**

™ p<0.01

to what they produce. This finding is consistence with
different studies. A study conducted by Mangisoni [16]
in Malawi shows positive impact of irrigation use on
income. This study found that a net farm income earned
by irrigation users was US$770 compared to US$131
earned by non-users. In Gambia, Von Braun [75] also
found that cultivation of rice through irrigation system
increased the real income of farmers by 13%. A study
conducted by Christian [76] on analysis of the impact
of smallholder irrigation schemes on the choice of rural
livelihood strategy and household food security in East-
ern Cape Province used both the nearest neighbor and
kernel matching methods point to identify the impact of
irrigation on income shows the fact that irrigation access
has a positive impact on total farm income. Based on this
study, the nearest neighbor matching method indicated
that irrigator received high farm income R2044.01 and

non-irrigating farmers R622.12. The study concluded that
these positive results indicate that participating on irriga-
tion helps to improve farm incomes of households and is
significant at 5% level. The survey result depicts that with
the revenue generated from sale of surplus crop produc-
tion irrigation users are able to buy foods rich in calorie.
The major food items bought by irrigation users include
meat, barley, chicken, yogurt, and avocado and egg. This
study is consistence with Olney [77] which conclude that
in comparison to the control group, the irrigation use
increased household consumption of micronutrient-rich
foods such as dark green leafy vegetables and yellow or
orange fruits, eggs.

The impact analysis result obtained using nearest
neighbor and caliper matching estimator shows that
irrigation increased the daily per capita caloric intake
of user households by 643.76 kilocalories than non-user
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Table 5 Impact of irrigation use on revenue

Page 13 of 16

Matching estimator Irrigation users Irrigation non-users ATT difference (Birr) t-value p-value
Matched ATT (Birr) Matched ATT (Birr)
sample sample
Nearest Neighbor 65 10221379 84 7660.05 94553.74 13.26 0.00%**
Radius 65 102213.79 84 982047 9239332 13.22 0.00%**
Caliper 65 102213.79 84 7660.05 94553.74 13.26 0.00%**
Kernel 65 102213.79 84 9773.26 9244053 13.23 0.00***
™ p<0.01
Table 6 Impact of irrigation use on calorie intake
Matching estimator Irrigation users Irrigation non-users ATT difference  t-value p-value
(Kcal)
Matched ATT (Kcal) Matched ATT (Kcal)
sample sample
Nearest neighbor 65 2501.54 84 1857.78 643.76 4.08 0.000%**
Radius 65 2501.54 84 1905.1 596.43 434 0.000%**
Caliper 65 2501.54 84 1857.78 643.76 4.08 0.000%**
Kernel 65 2501.54 84 1909.8 591.74 43 0.000%**

™ p<0.01

households. This difference was statistically significant
at 1% significance level. On the other hand, because of
irrigation daily calorie intake of beneficiary households
increased to 596.43 kcal and 591.74 kcal, respectively,
with radius and kernel matching estimators (Table 6). The
difference in calorie intake is because of the large contri-
bution in calories by the meat, barley, chicken, yogurt,
and avocado and egg consumption in addition to the
consumption of onion, tomato, pepper, cabbage, maize,
wheat and haricot bean. From this, it is easy to conclude
that the use of irrigation has a positive impact on food
security through consumption of own crop harvest, buy
more calorie rich food with the revenue generated from
surplus production. As irrigation use enables households
to produce more than two times in a year it helps them to
ensure their food security regardless of the season. Sev-
eral studies are consistent with the finding of this study. A
study conducted by [78] on the impact of irrigation tech-
nology use on crop yield, crop income and household
food security in Nigeria using propensity score match-
ing approach indicated that irrigation technology use is
positively related to household food security. Another
study conducted by [64] in Ghana on irrigation access
and per capita consumption expenditure in farm house-
holds shows that irrigation access has a positive impact
on household consumption expenditure per capita.
Empirical analysis of a study conducted by [31] focusing
on impact of irrigation water scarcity on rural house-
hold food security and income in Pakistan indicated
that farmers with a water scarcity are food insecure.

Table 7 Result of sensitivity analysis using Rosenbaum
bounding approach

Outcomes ey=1 ey=1.5 ey=2 ey=2.5

Calorie intake 0.00001 0.00178 0.020784 0.082618

Dillon [79] found that irrigation significantly and posi-
tively increases caloric intakes for households with access
to irrigation. According to the study because of irrigation,
the daily caloric intake increased by 1836 cal for irriga-
tors. Moreover, [80] in Malawi applied propensity score
matching approach to measure the impact of irrigation
on food security to correct for sample selection bias aris-
ing from the non-random selection of participants into
the irrigation scheme and has found that access to irri-
gation facilities results into increase the daily per capita
caloric intake by 10% for irrigation users compared to
non-users. The empirical analysis of a study conducted
by [81] in Nepal shows food security is more pronounced
for those farmers who irrigation for homestead vegeta-
ble cultivation. Moreover, Desta and Almaz [82], Haile
[83], Alemu [90], Tizita, [84], Abdissa,et,al [11] and Tes-
faw [85], Burney [86], FAO [87], Upadhyay [88], Kabunga
[89], found that irrigation adoption can significantly and
positively contribute food security improvement.

Sensitivity analysis
Sensitivity analysis was conducted to check to what
extent the study was free from bias resulting from
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unobservable variable. The first column of Table 7
shows outcome variable which bear statistical differ-
ence between irrigation user and non-user house-
holds while the rest of the values which corresponds
to each row of the significant outcome variables are
p-critical values (or the upper bound of Wilcoxon sig-
nificance level -Sig+) at different critical value of y ey.
The results show that inference for the impact of irriga-
tion use does not change, even though the participant
and non-participant households were allowed to dif-
fer in their odds of being treated up ey=2.5 in terms
of unobserved covariates. That means for the outcome
variable estimated, at various level of critical value
of ey, the p- critical values are significant which fur-
ther indicate that the study has considered important
covariates that affected both participation and outcome
variables. Thus, it is possible to conclude that impact
estimates (ATT) of this study for the outcome variables
was insensitive to unobserved selection bias.

Conclusion

This study analyzed the impact of small-scale irriga-
tion on household food security in Adami Tulu Jido
Kombolcha district. In this study, we utilized both
primary and secondary data. We followed propensity
score matching model (PSM) approach to analyze the
impact of small-scale irrigation on the food security to
fill the gap studies conducted in this field of study. We
examined the impact of small-scale irrigation on food
security through using the most common matching
algorisms including nearest neighbor, caliper, radius
and kernel matching estimators. The results of near-
est neighbor and caliper matching estimators shows
that participation in small-scale irrigation increased
daily calorie intake of the small-scale irrigation users
by 643.76 kcal over non-user households. Furthermore,
the impact of small-scale irrigation was found to be
positive in radius and kernel matching estimators. It
was further also found that in the study area irrigation
use had positive impact on crop production, consump-
tion and revenue generation which helped households
to buy calorie rich foods for their household. The sensi-
tivity analysis test showed that impact results estimated
by this study were insensitive to unobserved selection
bias and it is a real impact of irrigation. Based on this
result, we concluded that irrigation has positive and
significant impact on household food security across
all the matching estimators. Concerned bodies that
working on small-scale irrigation development there-
fore should continue investment in irrigation activities
for poverty reduction strategies and scale-up irrigation
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interventions to the other areas where there is potential
irrigable land.
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