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The impact of micro-irrigation on households’ welfare in the
northern part of Ethiopia: an endogenous switching regression
approach

The paper uses an endogenous switching regression model to measure the impact of participation in micro-irrigation devel-
opment on households’ welfare. The model takes into account selection bias associated with programme participation and
endogeneity problems often encountered in most programme evaluations. A total of 482 households (195 irrigation users and
287 non-users) were used to generate all the necessary variables. To capture the impact of the irrigation on household welfare,
two indicators were considered, namely household farm income (Y) and household fixed asset formation (F) (evaluated at
market price during the survey period). The results show a positive and significant impact of irrigation use on the two outcome
variables: income by 8.8 per cent and asset formation by 186 per cent as compared to non-users. This shows how important
the micro-irrigation schemes are in improving the welfare of poor farmers in the research areas. Furthermore, the empirical
results show that the probability of using one of the water sources (irrigation scheme) is associated with farm experience (age
as proxy), farmer-to-farmer contact (the existence of an irrigation user neighbour), family size, the state of credit constraint,
the number of visits by extension agents and the cost of irrigation development. As a robustness check, different models were

applied and results were found consistent, both qualitatively and quantitatively.

Keywords: micro-irrigation, household farm income, household fixed asset formation

* Mekelle University, P.O. Box 451, Tigrai, Ethiopia. Corresponding author: kidane.gebregziabher@mu.edu.et

** University of South Africa, Pretoria, South Africa.
*** International Food Policy Research Institute, Addis Ababa, Ethiopia.

Introduction

Ethiopia, despite achieving economic growth continu-
ously in excess of 10 per cent per annum in the last decade,
is one of the poorest countries in Sub-Saharan Africa (SSA).
Poverty is widespread and deep-rooted and constitutes the
development priority of the country. About 30 per cent of the
population lives below the poverty line (set at USD 1.25 per
person per day) (WB, 2013). The challenges that Ethiopia
face, in terms of poverty and food insecurity, are associated
with both inadequate food production and natural crop fail-
ure due to erratic rainfall (Awulachew et al., 2007).

In a study conducted to assess the impact of climate
change on production at sub-national level for SSA, Liu et
al. (2008) identified countries such as Ethiopia, Uganda and
Rwanda as future drought hotspots. However, less than 4 per
cent of renewable water resources in Africa are withdrawn
for agriculture. To reverse the current underdeveloped nature
of irrigated agriculture in SSA, there is a strong theoreti-
cal argument for expanding small-scale irrigation schemes
to increase agricultural production in support of economic
development and the attainment of food security in the
region (de Fraiture and Giordano, 2014). In Ethiopia, special
focus has been given since 2003 to household-level water
harvesting schemes such as ponds, deep and shallow wells,
and river diversions, as an integral part of programmes aimed
at breaking the cycle of food insecurity. The aim is to make
water available to supplement rainfed agriculture through
small-scale irrigation during the critical stage of plant growth
when rainfall is inadequate (Hagos et al., 2006).

The economic literature on adoption of agricultural tech-
nologies (including irrigation) uses various household, farm,
social and economic variables to explain the level as well as
the intensity of adoption and the impact of these technologies
on adopters’ welfare. In general it has been found that (a) an
increase in the price or cost of technology reduces a farmer’s
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likelihood to adopt (Caswell and Zilberman, 1985; Feder et
al., 1985); (b) households with larger farms are more likely
to adopt (Feder, 1980; Rahm and Huffman, 1984; Putler and
Zilberman, 1988); (c) an adopter’s human capital endow-
ment variables such as age, gender, education and experi-
ence affects the likelihood to adopt (Huffman, 1977; Rahm
and Huffman, 1984; Putler and Zilberman, 1988); (d) social
capital (membership of social networks) and institutional
capital (access to institutional services such as credit and
extension service) are also likely to induce farmers to take
some risks and adopt technologies.

Several studies have been conducted to assess the impact
on household welfare after the adoption of new technolo-
gies, including irrigation. In India, access to irrigation has
had a positive impact on poverty reduction (Fan et al., 1999;
Narayanamoorthy, 2001; Shah and Singh, 2002). Gebreg-
ziabher et al. (2012) found that, in terms of their technical
efficiency, irrigator farmers in northern Ethiopia operated on
a higher production frontier with significant inefficiencies,
while rainfed farms were on a lower production frontier with
high efficiency levels. Hussain and Hanjra (2003) showed
that irrigation enabled households to improve crop produc-
tivity so that they can grow high-value crops that generate
higher incomes and employment as well as a higher implicit
wage rate for family labour. A comparison between irriga-
tors and non-irrigators in China showed that irrigation con-
tributed to increased yields for almost all crops and higher
income for farmers in all areas (Huang et al., 2006).

Dillon (2011), using a panel from northern Mali house-
hold data, found a positive and significant effect of access
to irrigation on household consumption, assets and infor-
mal insurance as outcome indicators. Access to irrigation
increased household consumption by 27-30 per cent rela-
tive to water-recession and rainfed cultivators. Hagos et al.
(2012), using 1,517 sample households drawn from four
regional states of Ethiopia, reported that access to selected
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agricultural water management technologies had a signifi-
cant effect on poverty reduction. However, despite the data
richness in terms of sample size and geographical represen-
tation, the model specification and estimation process did not
address the selection bias that could arise between the adop-
tion decision and the outcome equation. Using a household
data set from the Tigray region in northern Ethiopia, similar
results were reported by Gebregziabher et al. (2009). Lip-
ton et al. (2003) documented the various ways in which the
benefits of irrigation can improve the livelihoods of both irri-
gators and non-irrigators. These included increased produc-
tion and income, reduced risk and application of agricultural
inputs and additional job creation for rural landless people.

Bhattarai et al. (2002) could not establish a straightfor-
ward relationship between irrigation and poverty alleviation
in selected Asian countries. Similar results were echoed by
Berhanu and Pender (2002) who showed the limited impact
of irrigation development on input use and farm productiv-
ity. Using time series data, Jin et a/. (2002) could not find a
link between irrigation and total factor productivity growth
in the major grain producers in China. In a study conducted
in Ghana, Burkina Faso and Niger on whether government
support for different water management systems has any
impact on rice productivity, Katic et al. (2013) showed that
policy interventions did not significantly enhance the profit-
ability of rice-producing beneficiary farmers. Depending on
the nature of the selection problem, if the technology adop-
ters are from the already better off community, the impact
will be upward bias, and vice versa.

Most of these studies have relied on income and/or
consumption to measure poverty (flow variable) and did
not address the selection bias problem between the adop-
tion process and the second stage outcome equation. In this
paper, we assess the impact of the micro-irrigation' project
on household welfare in the Tigray region of northern Ethio-
pia. We endeavour to address the self-selection bias by using
a relatively more robust model and, to address the measure-
ment error, we tried to use alternative welfare indicators,
income (flow) and fixed asset holding (stock), to measure
the welfare implication of irrigation adoption.

Methodology
Study area

The study was conducted in three districts of the Tigray
region. The climate of Tigray is broadly arid and semi-arid,
with around nine or ten dry months and rainfall concentrated
during July and August. Most parts of the region experi-
ence very erratic and inadequate rainfall (even during the
two rainy months) that is precarious for crop production
(Hagos et al., 2006). Moreover, the region encounters severe
drought almost every five years. Despite all these challenges,
during ‘normal’ rainy seasons (i.e. when drought does not
occur) the region has an annual runoff of around 9 billion

' Micro-irrigation is the slow application of water on, above, or below the soil by

surface drip, subsurface drip, bubbler and micro-sprinkler systems. Water is applied as
discrete or continuous drips, tiny streams or miniature spray through emitters or applica-
tors placed along a water delivery line adjacent to the plant row (Lamm et al., 2007).

m? and can irrigate its potential irrigable area of 300,000 ha
(Awulachew et al., 2007). However, the developed irrigable
land of the region currently does not exceed 75,000 ha. The
three districts used in this study were selected because they
are known to have both rainfed farming and micro-irrigation
schemes such as ponds, wells and river diversions. Moreo-
ver, these districts have irrigation users and non-users shar-
ing the same natural and agro-climatic conditions. Except
for some small areas which practice dry season cultivation
using micro-irrigation, rainfed agriculture predominates
which involves the cultivation of wheat, teff (Eragrostis
tef), maize, oilseeds and pulses. Both exotic and indigenous
vegetables and crops are irrigated and these include onions,
tomatoes, pepper, garlic and maize.

Study design and data

A survey of 482 farmers comprising 287 non-users and
195 users of the different irrigation schemes was conducted
in March 2012. In obtaining the sample for the survey, a mul-
tistage sampling technique was used. Firstly, three districts
with good distribution of different irrigation schemes were
sampled purposefully. In the second stage, five sub-districts
were randomly selected. Thirdly, using extension workers’
lists, farmers in each sub-district were stratified into two
groups, namely irrigators (river diversion, wells and ponds)
and non-irrigators (rainfed farmers). A questionnaire was
used to gather data on households’ income and asset hold-
ings, household characteristics, and farm characteristics from
both users and non-users, and sub-district level information.

Model specification

Microeconomic evaluations of the impact of an inter-
vention (for instance, irrigation use) on the final outcome
(household welfare) were based on the model developed by
Becker (1964) and Mincer (1974). However, the decision
to adopt new technology, in our case, irrigation scheme, is
voluntary; the familiar problem of sample selection bias may
result: farmers who use irrigation are also likely to be the
ones who find it most profitable (Fuglie and Bosch, 1995).
For example, farmers who are more wealthy and productive
are more likely to be those who use irrigation. Hence, the
self-selection into irrigation scheme utilisation would be the
source of endogeneity, and failure to account for this will
overstate the true impact of irrigation (Alene and Manyong,
2007).

Lee (1978) developed an approach for estimating models
of this type which he called endogenous switching regres-
sion (ESR). In this approach, the decision is modelled by
standard limited dependent variable models, and the second
stage outcome variables are then estimated separately for
each group (irrigation users and non-users), conditional on
having made the decision. Let the decision to use one of the
micro-irrigation schemes be a dichotomous choice, where
a farmer decides to have irrigation when there is a positive
perceived difference between using the scheme and not hav-
ing the scheme.

Let this difference be denoted as I* so that /">0 corre-
sponds to the net benefit of having the scheme exceeding that
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of not using the scheme, and it is under this condition that the
farmer decides to use the scheme. However, I” is not observ-
able; what is observed is /, which represents the observed
farmer’s decision choice. The expected utility of having an
irrigation scheme, /i (adopters or regime 1) compared to the
utility of not having, /; (non-adopters or regime 2), and the
decision to own irrigation occurs if /; > I;. Based on Lok-
shin and Sajaia (2004), the relationship can be expressed as:

I=1ifaZ;+U,if I >0

toz U (1)
I=0ifazZ+U,if I <0
InY;
Regimel:an,-=n]}=Xﬂ]+81;iJcl=1 (2)
InF;
InY: .
Regime2:anz,-=n2}=Xﬂ2+8z;lfl=O 3)
InFy

where Z is a vector of explanatory variables (which includes
household and farm characteristics; social and institutional
variables); a is a vector of unknown parameters to be esti-
mated; and U, is a random error term and factors not observed
by the researcher but known to the household, with mean
zero and variance 0 (Alene and Manyong, 2007). In /7, and
InW,, are the natural logs of welfare indicators (outcome
variables) for regime 1 and regime 2 respectively. Welfare
is captured by household income (Y) and fixed assets (F);
where InY|, and InF, represent natural logs of income and
fixed assets for adopters, InY, and InF,, are natural logs of
income and fixed assets for non-adopters. ¢, and ¢, are error
terms for regime 1 and 2 functions respectively.

Since the first stage decision variable / (to have an irriga-
tion scheme) is endogenous, OLS estimates in equations (2)
and (3) will suffer from sample selection bias, namely the
error terms in equations (2) and (3), conditional on the sam-
ple selection criteria, have non-zero expected values (Lee,
1978; Maddala, 1983; Fuglie and Bosch, 1995). Lee (1978)
treats sample selection as a missing-variable problem. For
identification purposes, and to satisfy the usual order con-
dition, Z, contained one variable (whether household has a
neighbour/s or not) not in X, so as to impose an exclusion
restriction on equations (2) and (3). Having a neighbour who
adopts any modern technology may help fellow farmers to
observe, learn and, if they become convinced of the benefits,
eventually adopt the technology; thus technology diffusion
will continue. In our situation, the presence of a neigh-
bour who adopts one of the irrigation schemes is expected
to affect the decision to adopt or not, but not the welfare
status (income and asset holdings of a household). Hence,
the IrrigationUserN neighbour adopter variable is used as
an instrumental variable. In developing countries, social
networks such as neighbours, friends and families are the
main sources of information and confidence in the process of
technology or new practice adoption. Hence, the existence of
a neighbour adopter (farmer-to-farmer) is expected to influ-
ence peer fellow neighbours to adopt one of the irrigation
schemes, but not the income and asset holdings of house-
holds. Moreover, OLS estimates do not explicitly account
for potential production function differences between house-
holds with irrigation and rainfed farmers. Hence, the vari-
able whether a household has a neighbour/s or not is used as
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an instrument (identification variable). Assuming U, ¢, and
€, to have a trivariate normal distribution with mean vector
zero and covariance matrix will have the following variance-
covariance structure:

0t Ow Ow
cov(e,enU) =|ow of - “)

2

Ow - 03

where var(e) = o, var(e;) = 03 and var(U:) = 0%, and
cov(e,Ui) = 0w, cov(e;,U;) = 0. The covariance between
€, and U, is not defined, as ¥, and Y, are never observed
simultaneously (Lokshin and Sajaia, 2004). Since probit
maximum likelihood is used to estimate «, it is estimable
only up to a scalar factor and hence it can be assumed that
04 = 1(Maddala, 1983). Given the assumption with respect
to the distribution of the disturbance terms, the logarithmic
likelihood function for the system of (2 and 3) is:

InL =2 (Zw[in{F(1.)} + In{(es/01) /0 }]+

5
(1 =Dwi[In{1 = F(n.)} + In{ f(€.:/0.)/0:}]) ®

where F'is a cumulative normal distribution function, f'is a
normal density function, w, is an optimal weight for observa-
tion 7 and

.= (yZ:+ p.ig.ii/o_.i)

2
where o, = % is the correlation coefficient between ¢, and
[ZAY}

where j=1, 2

2
U and o, = 0% the correlation coefficient between &,
! [0)380)3 !
and U,.

After estimating the model’s parameters, the following
conditional (the focus of analysis) and unconditional expec-
tations could be calculated:

Unconditional expectations:

E(In W, | x:) = xu 3, (6)

E(In Wa | x2) = x: 32 (7)
Conditional expectations:

E(nWi | 1= 1,%,) = xu3i + 010 f(YZ)/F(YZ) ®)

E(InW, | 1= 0.x) =xB —0.p (yZ)/{1=F(yZ)} (9)

E(InWs | I=1,x) = x:3: + 0.0: f(YZ)/F(YZ) (10)

E(InWa | 1= 0,x2) = x 3 — 020, AyZ) /{1 = F(yZ)} (11)

Given the above formulation, the following can be calcu-

lated and compared:

* The effect of adoption on adopters (treatment effect
on the treated — 77) as the difference between equa-
tions (8) and (10), which represents the effect of hav-
ing irrigation on the two welfare indicators:

TT=E(InWi|I=1,x:)—E(InWs |I=1,x:) (12)
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* The effect of adoption on non-adopters (treatment on
the untreated—7U) as the difference between equa-
tions (11) and (9):

TU =E(InWs | 1= 0,x:) —E(InW; | I=0,x,)  (13)

* The policy-relevant treatment effects can also be dif-
ferentiated from the heterogeneity effect. For exam-
ple, farm households that adopted micro-irrigation
may have achieved a higher level of welfare (meas-
ured by the selected two welfare indicators) than farm
households that did not adopt although they decided
to adopt; because of unobservable characteristics
such as their risk-taking behaviour. Following Carter
and Milon (2005), ‘the effect of base heterogeneity’
(BH,) is defined for the group of farm households
that decided to adopt as the difference between equa-
tions (8) and (9):

BHN = E(ln W, | I = 1,X1,‘) - E(ln W,‘ | ] = O,XU) (14)

* The second type of base heterogeneity (BH,) can
be calculated for the group of farm households that
decided not to adopt as the difference between equa-
tions (10) and (11):

BH, = E(InWy | I = 1,x) — E(InWa | I = 0,x) (15)

* The third type of heterogeneity is the ‘transitional
heterogeneity’ (TH), that is whether the impact of
having micro-irrigation is larger or smaller for the
farm households that owned or for the farm house-
hold that did not own in the counterfactual case that
they did own, that is the difference between equations
(12) and (13), i.e. (TT) minus (TU):

TH=TT—TU =[E(InW.|I=1,x:)—
E(InWs | 1= 1,x:)]— [E(n W | [ = 0,2x) —
E(ln W,‘ | 1= O,X[,‘)]

(16)

The switching regression model accounts for both endo-
geneity of technology adoption and possible sample selection,
and allows the different household and farm characteristic
variables to play differential roles, both in terms of qualitative
and quantitative effects on the respective varietal technolo-
gies (Fuglie and Bosch 1995; Alene and Manyong, 2007). To
our knowledge, no study has explicitly accounted for under-
lying technological differences among farmers in assessing
the effects of irrigation on the impact of household welfare.

Results and discussion
Descriptive results

Seventy-nine per cent of irrigator households are headed
by males, compared to 71 per cent of non-irrigators (Table 1).
In terms of literacy status, 32 per cent of irrigator household
heads are literate compared to 26.7 per cent of non-irrigators.
On average, irrigation adopters have a 9 per cent bigger fam-
ily size than non-adopters. The overall picture indicates that
the irrigators have better quality and quantity of labour that
might have helped them to engage in labour and capital-
intensive activities.

Non-users are located far away from a development
extension office. Moreover, users are more connected to var-
ious social networks where they can get information, which
might have helped them to use the irrigation service. There
was a significant difference between irrigators and non-
irrigators in credit utilisation. Approximately 63 per cent of
irrigators had applied for credit and 58 per cent of them had
access to credit service, while the corresponding figures for
non-irrigators were 57 per cent and 51 per cent respectively.

Table 1: Household-, farm- and village-level characteristics of irrigators and non-irrigators surveyed in the research.

. . . Irrigators Non-irrigators
Variable Variable definition t-test
Mean SD Mean SD
Welfare indicators
LnY Log transformed crop income (ETB) 2825.84 141.85 25343 101.8 -1.66%**
LnF Log transformed per capita total asset value (ETB) 702.94 57.62 503.26 92.44 -1.84%*
Household characteristics
Headgender Household head gender (1=male and 0 otherwise) 0.79 0.02 0.7118 0.03 S2.21%*
Lnheadage Log transformed age of the household head (in years) 52.89 0.84 52.95 0.88 0.054
HHedu zﬁ::jv};;):; head literacy status: dummy (1=literate and 0 032 0.03 027 0.03 151
Familysize Family size (number) 5.93 0.14 5.46 0.14 -2.33%**
Adultequivalent Family size (adult equivalent) 4.33 0.10 4.04 0.10 -1.98**
tryloan Access'to credit (if the household is credit constrained=1, 0 051 0.03 052 0.04 023
otherwise)
Farm and village characteristics
Lnplotsize Log transformed farm size (tsemad; 1 ha=4 tsemad) 2.85 0.10 2.28 0.08 -4.43%%*
rrigationUserNgb If the hotisehold had an adopter neighbour prior to his adop- 0.85 0.02 037 0.03 13,59
tion (yes=1, 0 otherwise)
Tabiacode Village dummy 1=Adigsanded; 2=Genfel; 3=Tsenkanet; 4=D.Birhan; 5=my-Kado
Number visits EA  Visits by extension agents (number) 5.83 0.57 3.25 0.282 -4 48%**
Lncost Average cost per irrigation scheme (ETB) 2.46 3.4 -
howmnysnw In social network associations (number) 1.4 0.07 1.29 0.05 -1.365

Source: own calculations
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On average, irrigators had a 25 per cent larger plot size than
non-irrigators, suggesting a clear wealth difference.

There are statistically significant differences between the
two groups with respect to household income and total asset
holdings. The per capita asset holding was about ETB? 621
for irrigators, whereas for non-irrigators it was approximately
ETB 361. The mean per capita consumption expenditure for
irrigators was ETB 1,880 per annum, while the correspond-
ing figure for non-irrigators was ETB 1,748. Finally, the per
capita income of households using irrigation was ETB 1,473,
which was approximately 37 per cent higher than that of non-
irrigators. On other hand, non-irrigators had higher off-farm
participation (97 per cent) than irrigators (95 per cent). With
regard to off-farm income, irrigators derive slightly higher
income (ETB 2,360) than non-irrigators (ETB 2,069)°.

Econometric results
Factors affecting adoption of irrigation

The adoption of an irrigation scheme and its outcome for
household welfare in terms of household income and asset
formation can be modelled as a two-stage framework. In
the first stage, a selection model for irrigation adoption was
estimated using probit and, in the second stage, the house-
hold welfare outcome was estimated with equations using
different models. The model diagnostic statistics (Table 2)
show goodness-of-fit measures that indicate that the esti-
mated models fit the data reasonably well. Likelihood ratio
tests show that the parameter estimates are statistically sig-
nificantly different from zero at less than one per cent sig-
nificance level. The model correctly predicts 92.5 per cent of
the cases; and the pseudo R-squared measure of 0.70 is also
reasonably high, given the cross-sectional nature of our data.

The analysis of the probit regression shows that seven
of the 11 explanatory variables are significant and most of
them have the expected sign, except adult labour force, due
to its high correlation with family size, and cost of irrigation,
which is only observed for irrigation users. The significant
variables include: neighbour irrigation user (IrrigationU-
serN), credit constraint (tryloan), head age (InHeadage),
family size (InFamily_size), cost of irrigation scheme, and
number of visits by extension agent (Number visits EA).

The parameter estimates of the probit model provide only
the direction of the effect of the independent variables on the
dependent (response) variable: estimates do not represent the
actual magnitude of change or probabilities. Thus, the mar-
ginal effects from the probit, which measures the probability
of being an irrigation user with respect to a unit change in
an independent variable, was calculated using the mfx stata
command.

The relationship between technology adoption and house-
hold age (Headage) has remained mixed. This result is in
line with the published literature. Lapar and Pandey (1999),
for adoption decisions of soil conservation in the Philip-
pines uplands, Baidu-Forson (1999), regarding the adoption
of land-enhancing technology in the Sahel; Fufa and Has-

Ethiopian Birr; USD 1 =approximately ETB 17.12 at the time the study was con-
ducted.
3 Data available from the corresponding author upon request.

164

san (2006) and Chirwa (2005), in terms of fertiliser adop-
tion in Ethiopia and hybrid seed for Malawi respectively,
found negative relationships. This implies that, as farmers
grow older, they become more risk averse and less willing to
adopt new farming technologies. On the other hand, Polson
and Spencer (1991) and Abay and Admassie (2004) found
positive relationships between age and improved cassava
variety adoption in Nigeria and chemical fertiliser adop-
tion in Ethiopia respectively. Age when taken as proxy for
farm experience (human capital theory) will be positive; but
older farmers with a very short planning horizon and high
risk averse age can be negatively associated with technology
adoption (Zepeda, 1990). Hence, the sign of the household
head age is very difficult to predict a priori.

The family size variable was significant (at the 5 per cent
level) and positive. This is again consistent with our expec-
tation. Developing an irrigation scheme as well as irrigable
fields requires high labour input, and, in view of imperfect
labour market, farmers are dependent on their family labour.

Contact with extension services gives farmers greater
access to information on technology, via communications
and more opportunities to participate in demonstration tests.
Accordingly, access to extension services (captured by the
number of visits by an extension agent) showed a positive
and significant effect. The result is consistent with our expec-
tations and the findings of Gebrehiwot (2017) who found a
positive relationship between extension service and farmers’
technical efficiency in the northern part of Ethiopia.

Credit is very important in that it helps farmers to acquire
all the necessary inputs in the right quantities and qualities
at the right time. However, when are farmers are credit con-
strained, consistent with our expectation, they were among
the non-adopters and this result was statistically significant.
Similar results were also reported by He ef al. (2007) and
Deressa et al. (2009).

Finally, having access to farmer-to-farmer extension (the
existence of a neighbour adopter) increased the likelihood of
using one of the irrigation schemes by 41 per cent, consist-
ent with our expectation. Similar results were reported by
Deressa et al (2009).

Table 2: Probit model estimates of adoption of irrigation schemes
(Irrigation_user): marginal effects.

Variable Marginal effects (dy/dx)

Lnheadage 5.924 (3.373)*

Lnheadage? -10.967 (3.373)*
Headgender 0.071 (0.098)

HHedu 0.037 (0.013)***
Familysize 0.107 (0.054)**
Adultequivalent -0.126 (0.072)*
Lnplotsize -0.097 (0.108)

IrrigationUserN 0.430 (0.067)***
Number visits EA 0.185 (0.086)**
tryloan -0.150 (0.085)*

Lncost of irrigation 0.186 (0.019)***
Wald (y54, = 11) df=186.65 Prob.>chi*=0.0000
Percentage of correct predictions

Irrigation_user (I=1) 97.5%
Irrigation_user (I=0) 91.5%
Overall correctly classified 93.5%

Pseudo R? 0.71

* % and *** represent significance at 0.1, 0.05, and 0.01 levels respectively
Source: own calculations
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Welfare estimation results

The ESR model was estimated by an efficient method of
full information maximum likelihood (Lokshin and Sajaia,
2004), as compared to the alternative two-step procedure
proposed by Madalla (1983). The estimated coefficient of
correlation between the irrigation adoption decision and the
household income (p, ) for regime 1 and household asset
formation (p, ) for regime 2 are statistically different from
zero (Table 3). The results suggest that both observed and
unobserved factors influence the participation in irrigation
and welfare outcomes. The significance of the coefficient
of correlation between the first stage equation and the wel-
fare equation indicates that self-selection occurred in the
participation of irrigation schemes. The differences in the
household income and asset formation equation coefficients
between the farm households of those participating in irriga-
tion schemes and those not participating illustrate the pres-
ence of heterogeneity in the sample.

An important question is whether farm households that
adopted the different irrigation schemes gained benefits in
terms of household income and fixed asset formation (esti-
mating impact of adoption). The results, obtained using
equations (12)-(16), are presented in Table 4. The observed
difference in income and fixed asset formation between
households who adopt and do not adopt was 0.145 ((a)-
(b) in Table 4) and 0.898 ((e)-(f) in Table 4) respectively.
However, this simple comparison is misleading because it
does not account for other unobserved factors that may have
impacted the two outcome variables (households’ income
and fixed asset formation).

Hence, to account for the potential unobservable effect
on the outcome variable column [3] is included which
adjusts the ‘base heterogeneity’* and gives the differences in
expected household income and value fixed asset formation
(Carter and Milon, 2005). With the counterfactual condition
that, the adopters placed in the non-adopters status BH,, and
BH,, in Table 4; the households would be expected to earn
0.346 points less income and to own 0.814 points less fixed
assets on average. Similarly, with the counterfactual condi-
tion that the non-adopter households adopt irrigation BH,,
and BH . in Table 4 and equation (15), the households would
earn more income (0.061) but own less asset (-0.053). Under
both counterfactual conditions, irrigation using households
perform better (with the exception of BH, ) than non-irriga-

4 For the definition of the different heterogeneity (base and transitional) see equa-

tions (14)-(16).

Table 4: Expected income and asset level and treatment effects.

tion using households. These differences reflect systematic
sources of variation between the two groups that could not
be fully captured by the observable variables in the model
specifications. Information regarding adoption status alone
does not explain households’ performance in the two out-
come indicators (Y-income and F-fixed asset formation).
Table 4 column [3] presents the treatment effects of irri-
gation adoption as expected change in income and fixed asset
value for a randomly-selected household in each group. For
the household group with access to irrigation, the first entry
in column [3] measures that the mean effect of access to irri-
gation (7T in equation (12)) was an increase of 0.084 point
in income and 1.051 point in fixed asset formation. Since
our outcome variables are expressed in natural logarithm it
represents 8.8 per cent for income and 186 per cent for asset
formation. This implies that participation in the micro-irriga-
tion programme has a positive effect on household welfare
in the research area. Similarly, the households without access

Table 3: Full information maximum likelihood estimates of the

switching regression model.

LnYR1 LnYR2 LnFR1 LnFR2
tryloan 20.012 0.176%* -0.056 0.316*
(0.09) (0.07) (0.22) (0.19)

headgender 0.353%%  0.406%**  0.995%%  (.895H**
(0.14) (0.08) (0.32) (0.23)

Inheadags Q0.546%FF  LQ.860%FEF ] 234%F% 0.960%**
(0.17) (0.12) (0.40) (0.33)

Aduliequivalent 0103%FF 00555 0160+ 0,153
(0.03) (0.02) (0.07) (0.06)
Inplotsize 0.624%%%  0.601%**  0.565* 0.247
(0.13) (0.09) (0.29) (0.25)
-0.005 0.016 0.085%* 0.012
HHedu (0.02) (0.01) (0.03) (0.03)
howmnysmw 0.160 20.117 0.033 0.033
(0.12) (0.09) (0.26) (0.24)
. 0.266%  -0373*++ 0328 -0.553
Itabiacode 2 (0.16) (0.11) (0.36) (0.29)
Habiacode 3 0.148 0.126 0.082 0.184
- - (0.17) (0.11) (0.39) (0.28)
Habiacode 4 -0.140 0.031 0.719%* -0.269
- - (0.15) (0.11) (0.35) (0.28)
. 0.019  -0332%+* 0175 0.061
Itablacode_5 (0.15) (0.12) (0.36) (0.30)

-0.367%* 0.096
Prevr (0.17) (0.19)

0.176 0.306%*

Preve (0.14) (0.13)

Dependent variables: In Y; and In F for regime 1 and regime 2
*, *¥* and *** represent significance at 0.1, 0.05, and 0.01 levels respectively

Source: own survey

Sub-sample Decisions stage Treatment effect PSM OLS
Irrigation user Non-irrigation user ATT Irrigation user Non-irrigation user Difference
(1] [2] (3] [4] [5] (6] (7]
LnY
Irrigation user (a) 8.723 (c) 8.639 0.084*%*
Non-irrigation user (d) 8.375 (b) 8.578 -0.203***
Heterogeneity effects ~ BH ,=0.348 BH,,=0.061 0.287 0.23%* 8.62%* 8.41%** 0.25
Ln F
Adopters (e) 7.170 (g) 6.119 1.051%**
Non-adopters (h) 6.356 () 6.172 0.184%%*
Heterogeneity effects ~ BH| ,=0.814 BH,,=-0.053 0.867 0.48%** 7.09%** 6.45%%* 0.64

Source: own calculations
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to irrigation were placed into the status of with access (TU
in equation (13)); the implication would be a mean decrease
in income (0.203 points) and increase in fixed asset forma-
tion (0.184 points). Access to irrigation effects is larger for
irrigation user households, resulting in a positive value for
the transitional heterogeneity effect (equation (16), Table 4).
The estimated treatment effects portray that, except in one
case, access to irrigation places households in a better wel-
fare position (income and fixed asset value level).

To check the robustness of our results, we estimate alter-
native models with different model specifications and distri-
butional assumptions: propensity score matching (PSM) and
OLS for each regime (Table 4). The results were very similar
qualitatively but with lower coefficients. This could arise
from differences in estimation efficiencies between ESR on
the one hand and PSM and OLS on the other hand. The PSM,
which estimates based on observables and does not provide
consistent estimation of causal effects in the presence of hid-
den bias, might result in slightly downward estimates for
PSM and OLS.

Summary and conclusions

To measure the impact of participation in micro-irrigation
development on households’ welfare we used an ESR model,
which considers selection bias associated with endogeneity
of programme participation as well as self-selection often
encountered in most programme evaluations. A total of 482
households (195 participants and 287 non-participants) were
used to generate the necessary variables. The first stage deci-
sion (whether to use one of the irrigation schemes) was esti-
mated using household and farm characteristics covariates.
Among the variables which were statistically significant and
have some policy relevance are farmer-to-farmer extension
service (neighbour irrigation user) and credit constraints.
Hence, given the positive influence of farmer-to-farmer to
disseminate information, government should encourage
and support farmers’ networks, in addition to the conven-
tional extension worker-led extension system. Moreover, to
encourage the use of irrigation facilities and thereby improve
the income and asset position of rural households, the liquid-
ity constraint should be addressed sustainably, through the
provision of micro-credit services.

To capture the impact of the participation on household
welfare, two indicators were considered, namely household
farm income and household fixed asset formation (evaluated
at market price during the survey period). The results show
that estimated coefficients of correlation between the irriga-
tion adoption equation and the outcome equations (income
and asset formation) were statistically significant. This
implies that bias would have resulted in the welfare function
had it been estimated without correcting for selection bias
associated with programme participation in the study.

Furthermore, the empirical results show that the probabil-
ity of participating in the irrigation programme is associated
with farm experience (age as proxy), household level of edu-
cation, family size and labour force availability in the house-
hold, credit constraint and cost of irrigation development.
After controlling the selection bias in the estimation process,
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the different model estimated results showed that participa-
tion in the irrigation programme had increased household
welfare of participants: income by 8.8 per cent and fixed asset
formation by 186 per cent as compared to non-participants.
Given this, we suggest that the government of the Tigray
region should extend its support (through extension, access
to road and marketing information and credit schemes) so as
to increase access to micro-irrigation schemes to other parts
of the region and to areas with good ground water potential.
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