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Impact of small-scale irrigation schemes on
farmers livelihood, the case of Mekdela Woreda,
North-East Ethiopia

Eliyas Assefa®*, Zemen Ayalew? and Hawlet Mohammed?

Abstract: Small scale irrigation has multi-dimensional effects on the livelihood devel-
opment of the rural people in Ethiopia. Thus, the main objective of this study was to
examine the impact of small-scale irrigation on farmers’ livelihood. A stratified random
sampling technique was applied to select 96 users and 162 non-user sample respon-
dents. The collected data were analyzed using descriptive statistics and an econometric
model. Binary logit and Endogenous switching regressions model were employed to
identify the determinant of small-scale irrigation participation and its impact on farmers’
livelihood respectively. The Binary logit model result indicates that age and age square of
the household, own cultivated land, off-farm job participation, extension contact, dis-
tance from homestead to a nearly local market, distance from home to the scheme, and
having irrigation user neighbor are significant factors affect farmers’ decision to practice
irrigation. To capture the impact of irrigation on farmers’ livelihood, the total income of
the household was used in the endogenous switching regression model. The model result
shows that the positive and significant impact of irrigation schemes had increased users’
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total income by 7829 ETB (8.5%), as compared to non-users. This shows how significant
the role of a small-scale irrigation scheme in improving the livelihood condition of farmers
in the study area. The finding of this study shows that improving access to market and
water for irrigation, provision of extension, and other complementary services would
increase the participation of irrigation and improve livelihood.

Subjects: Agriculture & Environmental Sciences; Sustainable Development; Development
Policy; Rural Development; Economics and Development; Economics; Environmental
Economics

Keywords: endogenous switching regressions; income; impact; livelihood; small scale
irrigation

1. Introduction

Ethiopia is one of the agrarian economies in East Africa with a total area of 1.13 million km?, of
which, 1.12 million km? is covered by land and 0.01 million km? by water bodies. The country has
an arable land area of 10.01% (0.11 million km?) with only 0.65% covered by permanent staple
according to (MoWIE, 2002). Furthermore, the country has many international rivers, high ground-
water potential, natural lakes suitable for irrigation, and believe to have 5.1 million hectares of
land that can be developed through irrigation but the irrigated area of land is only about 10% of
the total cultivated land (MoWE, 2012).

Irrigation farming is under a new emphasis on food security, poverty reduction, and livelihood
development by transforming subsistence agriculture. It is considered a basis to stimulate economic
growth and rural development by maximizing production and productivity, increased farm income,
create employment opportunities, and ensure the livelihood of rural people (Kissawike, 2008).

Small scale irrigation serves as one of the strategies to reduce poverty, to stabilize agricultural
production and mitigate the negative impacts of erratic rainfall, to ensure household food security,
and to improve the livelihood situation of the community. It enables us to meet food self-
sufficiency, obtain reasonable income, and accumulate different assets (Bekele, 2011). However,
irrigation projects have been unsuccessful mainly due to inadequate participation by beneficiaries
and unstable land tenure (Mengistie & Kidane, 2016).

Agricultural production in Ethiopia predominantly depends on rainfall and drought is becoming
frequent many people have been repeatedly exposed to hunger and famine. Additionally, most of the
settlement areas are degraded, per capita land availability is diminished and productivity of land and
labor are reduced and agricultural production is also affected by the variability of rainfall and drought
(Seleshi et al., 2007). Small scale irrigation could provide opportunities to cope with the problem of
rainfall variability enhance productivity per unit of land, and increase the volume of annual produc-
tion, earning higher and more stable incomes for livelihood improvement (Smith, 2004).

Mekdela woreda has endowed with beautiful diverse natural resources and has a great potential of
small-scale irrigation through small dams, underground water, river diversion, surface water harvesting,
and other mechanisms. However, irrigation is not a simple silver bullet (Awulachew, 2005). It brings
positive returns only if it is complemented by other components of the agricultural system.
Unfortunately, the country’s agricultural sector is characterized by traditional technologies and poor
systems.

There are empirical studies about the impact of small-scale irrigation on household’s livelihood
income like Kuwornu and Owusu (2012) in Ghana, Zhou et al. (2009) in China, Gathala et al. (2013)
in India, Sikhulumile and W (2014) in South Africa, (Abdissa et al., 2017; Gebrehiwot et al., 2017;
Tesfaye & Beshir, 2018; Zeweld et al., 2015) in Ethiopia found positive impacts of using small scale
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irrigation on income. Awulachew et al. (2010) also argues that water resource management in
agriculture is a critical contributor to households’ economic and social development of Ethiopia.
Other studies failed to show significant positive results Gebremedhin and Peden (2003) indicated
that in irrigation has less impact on agricultural yields than expected. Conversely, Lipton et al.
(2003) acknowledged the various forms by which the benefits of irrigation can improve the
livelihoods of both irrigation user and non-users that include increased production and income,
reduced risk, and job creation for rural landless people.

Despite several small scale irrigation impact studies elsewhere, there remains a need for
quantitative impact evaluations of Ethiopia’s specific irrigation scheme on their impact on farmer’s
income and asset change for livelihood improvement. This is because irrigation schemes are not
homogenous between (and even within) countries but are case-specific due to factors such
geographic location, natural resource base, technology, plot size, farmer profile, and marketing
opportunities. Providing irrigation structure to farm households is not a guarantee to improve
livelihood as economic and social problems continue to affect farmers’ livelihood in the study area.
Moreover, an enabling socio-economic environment like access to roads, markets, credit, training,
and information must be provided to the poor farmers to make them engage in small scale
irrigation farming and ensure their livelihood (Norton, 2010). Irrigation water use in Ethiopia one
of the most important issues affecting agricultural activities in terms of the level of agricultural
production income, capability of assuring of food security and sustaining livelihood. Expanding
irrigation schemes requires quantifying and examining the real impact of these schemes, identify-
ing socio-economic and institutional problems and putting the possible implications is essential to
improve agricultural production, asset, income and livelihood. Such issues instigate for further
study.

2. Research methods
2.1. Description of the study area

Mekdela district is one of the rural woreda of Amhara National Regional State. Located in the South
Wollo zone, 553 Kilometers North East of Addis Ababa and 152 Kilometers of the West direction of

Figure 1. Location map of the South Wollo
study area.
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Table 1. List of target population of the study

Kebele Target population
User Non-user Total population
Qebtia 507 1393 1900
Tebi 887 966 1853
Total 1394 2359 3753

Source: Own survey data (2018)

Dessie. 1t is bordered by woredas of Dawunt & Delanta to the North, Saint to the South, Tenta to the
East, and South Gonder to the West. The district comprises 31 Kebele Administrations (Figure 1).

The district is inhabited by 165,754 people, out of which 80,452 (48.5%) are males and 85,302
(51.5%) females (CSA, 2013). Only 5% of the population lives in urban areas. The total area of the
woreda is 147,384 hectares with diverse landscape features of which 37,189 hectares cultivable
out which 8,271 hectares irrigable, 37,294 hectares grazing, 36,995 hectares forestry, and grass-
land, 26,417 hectares bare land, 1203 hectares institutional buildings and residential lands, and
15 hectares water body.

The livelihood of people living in the study area is mainly dependent on agriculture. Crop and
livestock production systems are the main livelihood strategy for much of the population in the
district. The crops grown include teff, barley, wheat, bean, malt barley, sorghum, finger millet,
haricot bean, chickpea, and others. Different vegetables and fruits such as tomato, potato, onion,
lettuce, carrot, garlic, banana, mango, and apple are growing using irrigation both at the rainy and
dry seasons. Irrigation in the study area is practiced from different sources such as micro dams
(earth and concrete), river diversion, Arce ware dams, shallow wells, and ponds. The livestock
reared includes cattle, equines, shoats, and poultry, which is the main source of household income
and employment in the study area.

2.2. Data type and methods of data collection

In this study, both primary and secondary data were used. Both formal and informal survey proce-
dure was used to collect primary data. The formal survey was undertaken through interviews with
selected irrigation user and non-user farmers using a pretested semi-structured questionnaire.
Secondary data was collected from published and unpublished documents, and internet sources.

2.3. Sampling techniques and sample size determination

Out of six Kebele’s that small scale irrigation extensively practiced in Mekdela woreda, two kebeles
(Qebtia and Tebi) were randomly selected. The target population of the study consists of all
farmers from the selected kebele communities of each irrigation scheme that are irrigation users
and non-users in the study area(Table 1). The study employed the “with” and “without” approach
by comparing farmers who used irrigation and farmers who did not use irrigation.

Table 2. Sampled household of the study

Kebele Sampled household
Irrigation user Non-user Total
Male Female Total Male Female Total
Qebtia 32 2 34 79 17 96 130
Tebi 58 4 62 54 12 66 128
Total 90 6 96 133 29 162 258

Source: Own computations (2018).
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A stratified random sampling technique was used to select sample respondents. Household
heads from the two kebeles with respective irrigation schemes were identified and stratified into
two strata user and non-user households. To ensure a fair representation of irrigation users a list of
the irrigating farmers was obtained from scheme management, and farmers stratified according
to their location on the scheme. From these sub-strata, random selection was done to obtain
a sampled respondent.

Therefore, the researchers used(Yamane, 1967) to determine the required sample size a 95%
confidence level. n = %

Where: n = the number of required samples of each irrigation scheme (sample size); N = total
households of each irrigation scheme (population size); e = confidence level (0.06)

Therefore, 96 irrigators and 162 non-irrigators with a total of 258 sample households were
interviewed(Table 2)

2.4. Methods of data analysis

Descriptive statics and econometric analysis were used to analyze the collected data from the
sample respondent of irrigation users and non-user. Mean and percentages were used to examine
and understand the socio-economic situations of the sample households. Moreover, a t-test was
used to compare irrigation users and non-users in terms of different explanatory variables.
Econometric analysis logit model and Endogenous switching regression model were used to
identify the determinants of participation and the impact of the small-scale irrigation scheme on
farmers’ livelihood respectively.

2.4.1. Econometric model specification: ESR

There are various econometric models for estimating the impact of small scale participation on
user’s income. The most widely used models and techniques for the cross-sectional survey are
simple comparison of mean of irrigation users and non-users, ordinary least square by regressing
irrigation participation as a binary variable and propensity score matching. However, these
approaches assume that irrigation participation is exogenously determined, while it is endogenous
(Di Falco & Veronesi, 2018; Khanal et al., 2018). If participation was assigned randomly, its impact
on yield can be easily estimated with the comparison of user and non-users. However, if the
farmers who participate have different characteristics from the non-users, the comparison
between the two groups might be biased. In the study areq, the interventions of small-scale
irrigation schemes were not randomly distributed and the decision to participate in small-scale
irrigation farming is voluntary, it is very likely that the estimate of the simple OLS be biased
(Maddala, 1986a). It is usually difficult to model unobservable characteristics, for instance, skill
and motivation of the farmer. It is usually difficult to model unobservable characteristics, for
instance, skill and motivation of the farmer (Gorst et al,, 2018 & Khandker et al., 2010). It is very
likely to have a correlation that the user farmers participate and gain better income, and hence the
impact of adaptation might be overestimated due to this omitted unobservable. The other option
that the existing literature widely used is the propensity score matching. It requires unconfoun-
denness where all the variables that affect the treatment and the outcome must be observed
(Caliendo & Kopeinig, 2008) assuming no selection bias due to unobserved characteristics.
However, unobservable characteristics are unavoidable in the participation and production frame-
work. Thus, matching helps control only for observable differences, not unobservable differences.
According to (Alene & Manyong, 2007) self-selection into an intervention utilization would be the
source of endogeneity, and failure to account for this bias would obscure the true impact of the
intervention. As a result, the best model for resolving the selection bias issue is the ESR. It is
possible to estimate the impact of participation on income by correcting the selection bias. Thus,
the endogenous switching approach is far better than OLS in cases where unobservable factors
simultaneously affect the participation decision and the income of farmers:
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2.4.2. Endogenous selection and switching regression model

The endogenous regression model is two stage (Di Falco et al., 2011). ESR measuring the impact of
the program when treatment has not been randomly assigned and the treatment variable as
endogenous is by using the instrumental variable (IV) method. The idea is to find an observable
exogenous variable that influence the participation variable but do not influence the outcome of
the program if participating (Khandker et al., 2010).

ESR designs account for both endogeneity and sample selection bias by estimating
a simultaneous equation model using full information maximum likelihood method, it allowed
us to control both selection and unobserved heterogeneity issues that may arise onwards doing
the basic estimation procedure (Lokshin & Sajaia, 2004). Moreover accounting for selection bias
arising from unobserved factors that potentially affect both the decision to use irrigation and the
outcomes, it controls for structural differences between the irrigation users and non-users regard-
ing the outcome functions (Alene & Manyong, 2007).

Following (Lokshin & Sajaia, 2004), in this approach, there are two stages, first the decision to
use irrigation (selection equation) is modeled by standard limited dependent variable models,
and second, the outcome variables are then estimated separately for each group conditional on
having the selection equation. Therefore, the selection equation is a dichotomous choice, where
a smallholder farmer decides to use irrigation when there is a positive perceived difference
between having the scheme and not having the scheme. Consider a farm household i that faces
a decision on whether or not to use irrigation. Let the indicator variable be S; taking a value of 1 for
households who decided to use irrigation and 0 otherwise.

This leads to two possible states of the world: a decision to use irrigation (S;=1) and not to use
irrigation (S;=0), and two population units:

Let’s denote the benefits to the household of using irrigation (U;) and the benefits of the
household not using irrigation (Up). Under a non-random utility framework, a rational farm house-
hold will choose to use irrigation if the benefit of participation is positive i.e. U; > Ug or U;_Uy>0.
the net benefit (U* = U;_Up) is represented by a latent variable.

Conditional on households’ decision to use irrigation denoted by a selection function (S;), there
are two potential outcomes to the two population units: the outcome of the irrigation user (L;) and
the outcome of the non-user (Ly). This can be put in a potential outcome framework as:

Li = (1 = SjLoi + SiLy;

_JLiifSi=1
= LoiifS; = 0

The gain from the intervention is provided as L; —Ly. Hence, taking a simple difference and
averaging cannot give the effect of the intervention, causing a “missing data” problem
(Heckman et al.,, 2001). Therefore, following (Lokshin & Sajaia, 2004) the selection equation as
a latent variable framework can be expressed as:

Si =pLi+v (1)
o _ [ 1ifs>0
= 0ifS; <0
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Conditional on selection, the outcomes are represented by a switching regime as follows:

regimel: Ly = {Y1 = aiyq; + €1ifS; = forlrrigationUser (2)

regime2 :Ly={ Y =ayyy+¢2ifS;= OForlrrigationNon — User (3)

Where Z is vectors of observed characteristics that determine the selection equation (includes household,
demographic, socioeconomic, and farm characteristics); y4; and y; are vectors of explanatory variables
assumed to be weakly exogenous and determine the outcomes of irrigation users and non-users.
Although Z and X can overlap, there must be at least one variable in Z is required not to be included in
X to properly identify the outcome equations and a1, a; and 8 are a vector of unknown parameters to be
estimated. The Ly; and L,; are livelihood indicators (outcome variables), in this case, income for regime 1
and regime 2 respectively. According to this study, income (Y) where Y;; represents the income of the
irrigation users whereas, Y,; are the income of the non-users, respectively. The error terms of the
continuous outcome equations (¢; and ¢; ) and selection equation (v;).

Following (Foltz, 2004), this paper, first assumes that the unobserved residual effects of the
selection equation are independent of unobserved residual effects of the outcome equations of the
two regimes. That is

Eleilsi = 1] = E[e2i]Si = 0] =0

COV( Vi, Si) =0

This implies that sample partitioning between the irrigation user and non-user is entirely exogen-
ous to their behavior so that an exogenous switching structure results. The unconditional expecta-
tion of these models can be expressed by Applying ordinary least squares to give a consistent
estimate of the a.

E(Lailry) = awrqi (4)

E(Lailra) = a2xai (5)

However, there is a high likelihood that uncontrolled factors simultaneously influencing the selec-
tion equation and the level of outcomes (livelihood indicators), so that cov( v; &) # 0. Under this
scenario sample separation between the irrigation users and non-user households become endo-
genous to their behavior and governed by the selection equation regime. Here, the paper assumed
a trivariate normal distribution of error terms, with zero mean and a covariance matrix represented
by Zi.e. (v, e1, &) ~ (0, 2). Further justification, the error term v of selection equation is correlated
with the error terms ¢ and e, of outcome equations. Accordingly, the expected values of ¢; and
£, would be non-zero conditional upon the selection equation. This makes ordinary least square
estimates to be more biased. The covariance matrix X is expressed as follows:

cov(vi,e1ande;) = 61, OF
Oy -0

Where var (v;) = 05 is the variance of the error term in the selection Equation (1), var (e7 ) =a% and
var (e; ) =62, are the variances of the error terms in the outcome functions Equation (2) and (3)
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respectively, and cov (e1 ,V;) = o1y, OV (e2 ,V; = 62). Whereas the cov (e, €2 ) is not defined, as L;
and L are never observed simultaneously (Lokshin & Sajaia, 2004). 62=1, because f is estimable up
to a scalar factor (G S Maddala, 1983).

The endogeneity can be tested with estimates of the covariance terms. If 61, = 65, = 0, one has
a model with an exogenous switching; on the other hand, if either &1, or 6,, is non-zero, one has
a model with an endogenous switching (G S Maddala, 1986b). Consequently, the significance of the
correlation coefficients between e; and (vp,,, = 6%, /0.10,) and between e, and v(p,,, = 62,/6.20v)
needs to be tested (Lokshin & Sajaia, 2004). In line with standard statistical arguments, p,;, and
Pey Must lie between -1 and 1, and 61, and 6, must be always positive

Based on the argument on the distribution of disturbance terms, the logarithmic likelihood
function can be formulated following the procedure by (Lokshin & Sajaia, 2004) whom they depend
on their derivation on (G S Maddala, 1983).

InL = Z(S,W, |:ln{F(7]1i} + ln{fo(_&fll}

+ (1 — Si)Wi {ln{l — F(nZi)} + ln{fi?”

Where F () is a cumulative normal distribution function, f (.) is a normal density distribution
function W; is an optional weight for observation i, and

nji = %\/%/”’) Where j =1, 2

In addition to the endogeneity test, p,1, and p,,, provide economic interpretation depending on their
signs. If p,q, and p,,, have opposite signs, households decide whether to have irrigation or not based on
comparative advantage (Fuglie & Bosch, 1995; Maddala, 1983). That is, irrigation users enjoy above-
average total income once having irrigation whereas, non-users enjoy above total income when not
havingirrigation. Alternatively, if p,1, and p,,, have the same signs, it demonstrates “hierarchical sorting”
(Fuglie & Bosch, 1995) suggesting that the irrigation users’ income is above the average level whether or
not they have irrigation but get better off having than not having. Similarly, the non-users’ income is
below the average level in either case but get better off choosing not having irrigation. Moreover, the
coefficient p,4, and p,,, can give evidence for model consistency under a condition p,;,<p,,, (Trost,
1981). This implies that the irrigation user enjoys an income level than they would if they did not have
irrigation.

The key issue in controlling for the endogeneity of the selection equation is identification. It is
necessary of finding instrumental variables that could be strongly correlated with the selection equation
(Equation 1) but not the livelihood outcome equations (Equations 3 and 4). From the variables in the data
set, this study uses the distance from the household’s residence to the irrigation scheme and irrigation
user neighbor used as instrumental variables are properly identify the model (Table 3 and 4). Following (Di
Falco et al, 2011), the validity of the selection instruments was tested. According to his argument,
avariable is a valid selection instrument, if it will significantly affect the selection variable (irrigation) but it
will not affect the total income households that did not use irrigation. The average treatment effect on
the treated (ATT) and untreated (ATU) were computed by comparing the expected values of the outcome
of the irrigation user and non-user households in actual and counterfactual scenarios. The estimates
from endogenous switching regression allow for the computing of the expected values in the real and
hypothetical scenarios: Following model estimation, Stata allows calculation of the following conditional
expectations (Lokshin & Sajaia, 2004).

Actual expected outcome: irrigation users

E(Lyi|S = 1, y1i) = avyq; + o1p1f(B) /F(BZ) (6)
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Counterfactual expected outcome: irrigation users

E(LilS = 0, y1i) = aaxyi — o1p1F(BZ) /{1 — F(BZ)} 7

Counterfactual expected outcome: non- users

E(LyilS = 1, xy21) = awra + 0202f(Z:) /F(BZ)) (8)

Actual expected outcome: non-users

E(LailS = 0, x2i) = a2xai — o2p2f(BZi) /{1 — F(BZ;) } )

Equation (Equation 6) and (Equation 9) represent the actual expectations observed from the
sample, while (Equation 7) and (Equation 8) are the counterfactual expected outcomes. Given
the above formulation, the following mean outcome difference can be calculated and compared.
The expected change of irrigation users that means the effect of treatment on the treated (ATT) is
computed as the difference between Equation (6) and (7):

ATT =E(LyilS =1, yi) — E(LwilS = 0, yq) (10)
Similarly, the expected change in the non-users, the effect of the treatment on the untreated (ATU)
is the difference between Equation (7) and (9):

ATU=E(Lz|S=1, xz) — E(Lai[S =0, x2) (11)
The treatment effects can be differentiated from the heterogeneity effect because of the presence of
unobservable characteristics. Therefore, “the effect of base heterogeneity” (BH,) for the group of house-
holds that decided to use irrigation is defined as the difference between (Equation 6) and (Equation 7):

BHu =E(L1ilS =1, y1i) — E(LsilS =0, yy;) (12)
Similarly, “the effect of base heterogeneity” (BHy) for the group of households that decided to not
to use irrigation is defined as the difference between (Equation 8) and (Equation 9)

BHN = E(LilS =1, x5) — E(LzilS =0, x2) (13)

Finally, the effect called “transitional heterogeneity” (TH), estimates whether the effect of having
irrigation is larger or smaller for households that use irrigation or for the households that did not

Table 3. Conditional expectations, treatment, and heterogeneity effects

Subsamples Decision stage Treatment effect
To use Not to use
Households use irrigation | (a)E(Lyi|Si=1) (QE(LlSi=1) ATT
Hquseholds not use (d)E(L4i|Si=0) (b)E(Lx|Si = 0) ATU
irrigation
Heterogeneity effects BH, BHy TH

Note:(a) and (b) represents observed expected income of irrigation user and non-user;(c) and (d) represents counter-
factual of irrigation user.

Source: Authors’ illustration, 2019
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Table 4. The description of variables and their measurements used in ESR

Variable code Type definition of | Measurement | Expected sign | Expected sign
variables in the in income
selection equation
equation
Agehh Continuous age of In years - -
household head
Agesghh Continuous age of In years - -
household head
SexHH Dummy Sex of 1 if male, + +
household 0 otherwise
heads
HHSize Continuous Household size | Number + +
HHedu Dummy level of 1 literate, + +
Education 0 otherwise
Adultlab Continuous Adult lab our Adult equivalent + +
Owncultland Continuous cultivated land | Hectare + +
Discheme Continuous Distance from Kilometers - No effect
home
to scheme
Accredit Dummy Credit user 1 if user, + +
0 otherwise
Farmexp Continuous Farm In years + +
experience
(Age as proxy)
Livestock Continuous livestock owned | TLU + +
Offpart Dummy off-farm job 1ifyes, O - +
participation otherwise
Distmkt Continuous distance from Kilometers - -
respondents’
home to the
local market
Extncont Continuous Number of visits | Number + +
by extension
agent
IUserNgb Dummy If the 1ifyes, O + No effect
household had | otherwise
irrigation user
neighbor’s

Source: Authors’ illustration, 2019

use in the counterfactual case that they did use. It is the difference between (Equation 10) and
(Equation 11), i.e. (ATT) minus (ATU) (Table 3):

TH = ATT — ATU (14)

3. Result and discussion

3.1. Descriptive analysis

The demographics and socio-economic characteristics of the sample population of the irrigation
users and non-users with comparison groups are presented in (Table 5) below. The average age of
household heads of the irrigation user is nearly 39.5 years while that of the non-user is approxi-
mately 45.7 years.’
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Table 5. Respondents socioeconomics characteristics

Variable Variable Measurement Irrigation Irrigation t-test
definition user non-user
Mean Mean
Agehh age of In years 39.5 45.7 6.0821***
household head
SexHH Sex of 1 if male, 0 0.93 0.82 -2.6678**
household otherwise
heads
HHSize Household size | Number 4.2 4.7 3.0782***
HHedu level of 1 literate, O 0.43 0.24 —=3.3499***
Education otherwise
Adultlab Adult lab our Adult equivalent 4.3 4.1 -1.8584*
Owncultland cultivated land | Hectare 1.4 1.04 -9.8233***
Dischme Distance home | Kilometers 1.67 3.32 23.4010***
to
water source
Credtur Credit user 1if use, 0 0.58 0.30 —4 L8LL*HF
otherwise
Farmexp Farm In years 22.06 22.14 0.0767
experience
Livestock livestock owned | TLU 5.37 4.84 -2.3998*
Offpart off farm job 1if yes, 0 0.37 0.75 6.4745*
participation otherwise
Distmkt Distance from Kilometers 4.76 4.77 0.0608
respondents’
farm to the
local market
IUserNgb If a household | 1 if yes, O 0.81 0.26 -9.9970***
had an otherwise
irrigation user
neighbor’s
Extncont Number of Number 7.10 7.08 -0.0961
extension visits

*xx o+ & *. Show significance at 1, 5 and 10% levels, respectively.
Source: Computed from own survey data

Ninety-four percent of irrigator are male-headed households compared to 82% of non-
irrigators (Table 5) According to the FGD and KI report, in the study area, female-headed
households hardly faced labor shortage for irrigation as well as rain-fed farming due to
physical, technological, socio-cultural and psychological fitness of farm instruments to females
than males. To overcome the challenge, different governmental and non-governmental orga-
nizations were given training, demonstration, irrigation technology, and improved seed for
female household heads. The average household size of the irrigation user was 4.2 and non-
users were found to be 4.7 (Table 5).

In terms of educational status, 43% of irrigator households are literate headed compared to
24% of non-irrigators who are illiterate. Adult labor of the irrigation users was approximately 4.3
compared with the non-users 4.1 (Table 5). The size of the labor force in the household is expected
to contribute to a variation in participation decisions in small-scale irrigation and level of income.
According to FGD and KII report, in the study areq, labor is highly required in time of weeding,
harvesting, threshing, watering, livestock herding, and plowing, especially in time of watering for
irrigation users because it is a daily and year-round activity.
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Cultivated land appears to be the most important scarce factor of production. The average owns
cultivated landholding of the sampled households was 1.2 hectare. In comparing with the user and non-
user, the average cultivated land size of the irrigation user was 1.4 ha, and the non-users were 1.04 ha
(Table 5). According to the FGD and KII report, in the study area, own land, rented land, shared cropping
lands and gift lands are a common practice of farming. Shared cropped land and rented land are mainly
done through contractual arrangements to share the harvest and tend to occur when the owner of the
land cannot cultivate by himself/herself. Mostly, the agreement is for a short temporary period (for
one year or two to three years) based on rented or different crop sharing agreement.

The distance of irrigated land from home in comparison with irrigation status, non-irrigation
users are located far away from the irrigation scheme with an average distance of 3.32 km
compared to users 1.67 km (Table 5). Credit is the main source of finance for poor farmers to
purchase input and ultimately to adopt new technology. The comparison by access to irrigation the
survey result revealed that 58% of the irrigation users and 30% of the non-users had utilized credit
for the support of farming (Table 5).

Farm animals have an important role in rural livelihood. They are a source of draught power, to
supplement protein needs, like prestige, cash, animal dung for organic fertilizer, and means of transport.
Like many other similar studies, it was measured in terms of Tropical Livestock Units. The average
livestock holding of the irrigation user was 5.37 TLU and the non-users were 4.84 TLU (Table 5).

Thirty-seven percent of irrigators participated in off-farm income generation activities whereas
75% of the non-irrigators participated in off-farm income activities (Table 5). In developing
countries, a social network such as neighbors, friends, and families are the main source of
information and confidence in the process of technology or new practice utilizations. Irrigation
users are more connected to each other 81% of irrigators have irrigation participated neighbors
than 26% of non-irrigators (Table 5).

3.2. Econometric results

3.2.1. Factors influencing participation in irrigation
The binary logit model was used to estimate the household decision to the participation of an
irrigation scheme (Table 6).

The analysis of the binary logit model shows that out of the 14 hypothesized variables eight
explanatory variables were identified as a significant variable that affects the household participa-
tion decision in the irrigation scheme in the study area. These are the age of the household
(Agehh) and the age square of the household (Aghh2), Own cultivated land (Owncultland). Adult
labor (Adult labor), off-farm job participation (offpart), extension contact (Extencontact), distance
from homestead to market (Distmkt), distance from homestead to the scheme (Dischme) in
(Table 6).

A link test was done to determine the association among the independent variable (Daryl Pettitt,
1989; Pregibon, 1979). The value of the link test, in the logit regression model, looks every bit as
reasonable as the original model. The link test reveals no problems with our specification variable
having seen a dataset. Moreover, the link test p-value (0.353) was statically insignificant means no
enough evidence to say that the model is miss specified (Table 6). Therefore, the irrigation decision
model can be explained through the included explanatory variables. Additionally, the Pseudo
R-square indicates that about 88.5% of the variation in the irrigation decision model can be
explained through the included explanatory variables. The overall model is statistically significant
at a P-value of 0. 000. Hence, the chosen observable characteristics adequately explain the
probability of participation (Table 6).
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Table 6. Marginal effects from logit estimation for determinants of participation in irrigation

Variable Marginal effects (dy/dx)
Agehh -0.0192(0.0070) **
Agehh2 0.0001 (0.0007) **
Sexhh -0.0008 (0.0253)
Adaltlab 0.0158(0.0120)
Foredu 0.0055(0.0242)
Owncultland 0.0986(0.0336) ***
Farmexpe 0.0014(0.0027)
Tlu 0.0063(0.0064)
Credtur 0.0039(0.2742)
Offpart -0.0449(0.0238) *
Extencontact 0.0329(0.0132) **
Distmkt -0.0093(0.0087) ***
Dischme -0.1324(0.0295) **
TuserNgb 0.0627(0.0230) *
Constant 15.9445(9.3764)
Observations 258

LR chi2(14) 301.54

Prob > chi2 0.0000
Pseudo R2 0.8853

link test P-value 0.353

Log likelihood -19.52707

***p <0.01, ** p <0.05, * p <0.1 represents levels of significance.
Source; own survey result (2019).

3.2.1.1. Age of the household. The analysis showed that it negatively and significantly influenced
the probability of household heads to use irrigation at a 5% significance level (Table 6). This may be
because the use of irrigation is labor-intensive and exhaustive work that the older household heads
cannot tolerate this challenge. In another way, the negative sign indicates that younger farmers use
irrigation than older farmers. Koundouri et al. (2006) also found that the older the household head
the less motivated to adopt new irrigation technology. The marginal effect also confirms that the age
of the household head increases by 1 year to a certain level, the probability of participation in small
scale irrigation would decrease by 1.9%, other variables in the model remaining constant.

3.2.1.2. Own cultivated land. The analysis showed that the variable has a positive sign and it was
significant at 1% probability level (Table 6). In the study area households with larger cultivated land
produce a relatively sufficient amount of crop for consumption and sell with both irrigation and rain-fed
farming system. The marginal effect also confirms that the household owned one more hectare of its
own land for irrigation the probability of participation would increase by 3.36%.Similar results were
reported by Abdissa et al., 2017.

3.2.1.3. Off-farm job participation. The analysis showed that it negatively and significantly affects the
decision to use irrigation at a 5% significance level (Table 6). Thus, farmers engaged in off-farm activities
less likely to participate in irrigation. Participation in non-farm activity may restrict the allocation of labor
to farm activities. The marginal effect of this variable also confirms that household heads that are
engaging in non-farm participation are 6.5% less likely to participate in small scale irrigation than
those household heads that have not participated in non-farm activities. A similar result was reported
by Abdulai and Huffman (2014). Whereas Nonvide, 2019 reported a positive relation off-farm job and
irrigation participation.
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3.2.1.4. Extension contact. The finding showed a positive and significant effect on the decision to
use irrigation at a 5% significance level (Table 6). It indicates that sampled households having
a greater number of contacts with development agents are more likely to use irrigation; access to
updated support leads the probability of adopting new technology. Compared to households with
no or little extension contact of their counterparts. The marginal effect of this variable also
revealed that the probability of using irrigation increased by 3.2% as a household has extension
contact (Table 6). This result is consistent with (Abdissa et al., 2017; Sikhulumile & W, 2014).

3.2.1.5. Distance from residents’ homestead to the nearly local market. The model result showed
a negatively and significantly affected household participation decision at a 1% significance level
(Table 6). As the distance of the market far from the homestead, farmers incur high marketing and
transportation cost while marketing farm products inconvenience in transporting perishable pro-
ducts. The households might choose to sell their product at a cheaper price to local and neighbor
traders. The marginal value of this variable suggests that for a one-kilometer distance from
a market a household resides the possibility of partaking in irrigation farming decreases by
0.93% (Table 6). Therefore, households that are far apart from the local market might discourage
to use irrigation. This result is in line with other studies conducted by Abdissa et al., 2017; De Haan,
2012; Hichaambwa, 2015; Sikhulumile & W, 2014. They suggested that the better the household
access to the market the more probable to participate in irrigation.

3.2.1.6. Distance of residence from irrigation scheme. The model result showed a negative and
significant effect on the household’s decision to use irrigation at a 5% significance level (Table 6).
The negative relationship tells us that when the household head’s residence is far from the
irrigation scheme; the household heads have less probability to use irrigation. The marginal effect
also describes that when a household became far from the water source by 1 kilometer, the
possibility of partaking in irrigation decreases by 13.2%. The result is consistent with the finding of
Abdissa et al., 2017; Kuwornu & Owusu, 2012,

3.2.1.7. Irrigation user neighbor. The model result showed a negative and significant effect on the
household’s decision to use irrigation at a 10% significance level (Table 6). In developing countries,
a social network such as neighbors, friends, and families is the main source of information and confidence
in the process of technology or new practice. Hence, the existence of a neighbor user (farmer to farmer
contact) is expected to influence peer fellow neighbors to participate in irrigation farming. The marginal
effect of this variable also revealed that the probability of using irrigation increased by 6.27% as
a household has extension contact. The result is consistent with the finding of Gebrehiwot et al., 2017.

3.2.2. Endogenous switching regression model livelihood estimation result

The estimation result for the endogenous switching regression is given in (Table 7). The estimation
were carried out with full information maximum likelihood procedure in STATA using the move stay
command (Lokshin & Sajaia, 2004) to examine whether the irrigating farmers had been aware of the
changes in their mode of life or not. Total income of the household where livelihood indicators of the
study; estimated using the selection equation as the bases of separation across the two groups of
households. The model diagnostics test Wald chi2 (12) indicates the overall fitness of the model at
less than 5% significance level for outcome variable income. The result of the likelihood ratio test
reported in (Table 7) rejects at 5% significance level the hypothesis that the two equations are jointly
independent. This result suggests that the two equations were jointly dependent.

Moreover, the estimated coefficient of correlation between the selection equation and house-
hold total income of irrigation users was negative and statistically significant at 1%, indicating
a failure to reject the hypothesis of sample selection bias (Table 7). This confirms the presence of
selection bias suggesting that addressing the self-selection bias issue by accounting for both
observable and unobservable factors is a prerequisite for obtaining consistent and unbiased
treatment effect of participation on small-scale irrigation. The negative and significance of p;y
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indicates negative selection bias, suggests that farm households that choose to use irrigation
obtain higher income due to unobserved characteristics than a random farm household in that
regime. It further suggests that farm households that did not use irrigation receive neither higher
nor lower income than a random farm household in that regime. Similarly, the correlation coeffi-
cient irrigation participation and non-user income p,y were negative but not significantly different
from zero. It indicates that, without use in irrigation, there would be no significant difference in the
average behavior of the two farm household groups which arises from unobserved effects.

The estimated results presented in Table 7 also demonstrate that a significant variation on the impacts
has been revealed across the two groups of households. These variations were accounted for the
irrigation user statuses of households, keeping other things remain constant. This implies that the
condition to use irrigation distorted the effect of explanatory variables across the two groups of
households.

The ESR model result shows the age of the household head and adult labor in adult equivalent
positively affect irrigation user income whereas the age of the household head square and distance to
the nearest local market affects negatively user income. Variables like own cultivated land, livestock
ownership, farming experience, and the number of extensions contact affect non-user income posi-
tively and the age of the household head square affects negatively nonusers’ income.

An important question is whether farmers that use small-scale irrigation improve their livelihood
status in terms of total income. The results, obtained using equations (6 up to 14), are presented in
Table 8. In other words, to evaluate the impacts of small-scale irrigation on farmers’ livelihood; the
conditional expected total income by the irrigation users E(Y4; |S = 1) are compared with what they
would have enjoyed the non-users E(Yy; |S = 0). As shown from Table 7, the observed difference in total
income between the irrigation users and non-users (ATE) was ETB 70419 (240%) ((a)—(b)). However, this
simple comparison is misleading because unobserved factors that may impact both outcome variables
were not accounted for.

Hence, following, (Carter & Milon, 2005) the base heterogeneity due to the potential unobser-
vable effect on the livelihood outcome variables was included to get the true impact estimate.
Within the counterfactual condition, that irrigation users placed in the non-users status (BH1Y) in
(Table 8) households would be expected to earn, an average of, ETB 63547 more income. Similarly,
the counterfactual condition that the non-users placed in the irrigation user’s status (BHyy ), would
expect to earn, an average of, ETB 62590 earn income.

Therefore, income counterfactual conditions, the users under the status of access to irrigation
were performing better than the non-users. These results in access to irrigation effects are larger
for the counterfactual non-user households, resulting in a positive transitional heterogeneity effect
of outcome variables THy (ETB 9572) more income.

The survey result revealed that the actual expected income of the irrigation users E(Yy; |S=1)
was approximately ETB 99852, while the expected income that the same irrigation users would
have enjoyed if they did not use irrigation E(Y, |S = 1) was approximately ETB 92023. Therefore,
the observed income gap (ATT) was found to be ETB 7829 (8.5%) due to irrigation access. Similarly,
the counterfactual of the non-users (if non-users decided to use irrigation) (ATU) was ETB 6871
(23.3%) higher income than their counterpart. Both results were statistically significant at less than
a 1% significance level. The result was in agreement with other studies that report a positive link
between irrigation participation and income (Adego et al., 2019; Gebrehiwot et al., 2017; Kuwornu
& Owusu, 2012; Li et al., 2020; Nonvide, 2019; Zeweld et al., 2015).

This study indicates that irrigated agriculture has brought positive changes to respondents’ income,
which enables them to send their children to schools, buy livestock, build up assets, cover medical
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Table 7. Full-information maximum-likelihood estimate of the switching regression

Dependent Selection Total income (Y)
Irrigation Irrigation
Variables Irrigation User Non-user
Agehh —0.3855** 0.0088** 0.0003
(0.1893) (0.0038) (0.0029)
AgeHH?2 0.0039** -0.0001** —-0.0001***
(0.0019) (0.0000) (0.0000)
SexHH 0.3177 -0.0099 0.0485
(0.6448) (0.0217) (0.0480)
Adaltlab 0.3953 0.0222*** -0.0057
(0.2816) (0.0057) (0.0214)
Foredu 0.2570 -0.0051 0.0054
(0.5895) (0.0089) (0.0414)
Owncultland 2.3065%** -0.0009 0.1577**
(0.7574) (0.0183) (0.0638)
Farmexpe 0.0065 0.0017 0.0119***
(0.0645) (0.0011) (0.0035)
Tlu 0.1382 -0.0024 0.0253**
(0.1560) (0.0028) (0.0125)
Credtur 0.5028 0.0088 0.0512
(0.6113) (0.0087) (0.0410)
Acoffinc -1.0357** 0.0072 -0.0059
(0.5279) (0.0110) (0.0407)
Distmkt -0.2286 -0.0068* -0.0058
(0.1834) (0.0039) (0.0153)
Extencontact 0.6491* 0.0088 0.0308**
(0.3322) (0.0062) (0.0143)
Dischme =2.7142%*
(0.9747)
[UserNgb 1.2733*
(0.6416)
Constant 6.4696 11.1799*** 9.7262***
(5.2598) (0.1000) (0.1968)
R1 -.9608
(1.0486)
R2 (0.7766
(0.8307)

Log likelihood = 175.07138 Wald chi2(12) = 28.09 Prob > chi2 = 0.0054

LR test of indep. egns. chi2(1) = 3.24 Prob > chi2 = 0.0719

***p <0.01, ** p <0.05, * p <0.1 represents levels of significance. Standard errors in parentheses
Source: Own calculations

expenses, purchase inputs, buy more food and non-food items. Generally, the estimated treatment
effects show that the use of small-scale irrigation places farmers in a better livelihood position.
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Table 8. Test of the predicted total income of irrigation user and non-user households

Subsample Decision stage Treatment effects
user Non-user
Irrigation user (a) 99,852.03 (c) 92,023.4 ATT,= 7828.627***
Irrigation Non-user (d) 36,304.4 (b) 29,433.32 ATU,= 6871.079***

Heterogeneity effects BHqy= 63,547.63 BH,,— 62590.08 THy= 957.55

***p <0.01, ** p <0.05, * p <0.1. Represents levels of significance.
Source: Own survey calculation

4. Conclusion and recommendation

The study was undertaken to examine the impact of small-scale irrigation on farmer’s livelihood in
the case of mekdela woreda, northeast Ethiopia. The logit model result indicates that age and age
square of the household, own cultivated land, adult labor, extension contact, and accesses to off-
farm income, distance from homestead to the nearly local market, and distance from home to the
irrigation water source are significantly affecting farmers participation to use small scale irrigation.

The endogenous switching regression model was employed to estimate the impact of small-scale
irrigation on farmers’ livelihood. The model considers selection bias associated with the endogeneity of
irrigation participation. The ESR model result shows the age of the household head and adult labor in
adult equivalent positively affect irrigation user income whereas the age of the household head square
and distance to the nearest local market affects negatively user income. Variables like own cultivated
land, livestock ownership, farming experience, and the number of extensions contact affect non-user
income positively and the age of the household head square affects negatively. Hence using small-scale
irrigation had increased irrigation user’s income by 7829 ETB (8.5%), as compared to non-user. The results
indicate that small scale irrigation schemes have a profound effect on household income for their
livelihood improvement.

Expanding the access and capacity of small-scale irrigation and creating additional access through
integrated water investment is important to increase users’ farm income leads to households’ liveli-
hood improvement. Market infrastructure, like rural road construction and provision of transportation
facilities, could connect irrigating farmers to the market and minimizes their marketing cost. Thus,
striving to create market linkage for their farm product could raise farm income, asset formation, and
would be the most urgent action required. The policy implications of the above findings are improving
access to water for irrigation and market, and raising farmers’ awareness through extension and
provision of other complementary services would enhance the participation of irrigation.
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