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Impact of Awash irrigation on the welfare of
smallholder farmers in Eastern Ethiopia

Dagninet Asrat'*, Adugnaw Anteneh?, Mohammed Adem? and Zewdu Berhanie®

Abstract: Ethiopia’s agriculture is dominated by small-scale rain-fed production in
combinations of natural and manmade factors have resulted in serious poverty.
Irrigation farming is increasing been used as a strategy in Ethiopia. However, lack of
consensus on the role of the irrigation sector on the welfare of smallholder farmers
and pitfalls in impact study methodologies resulted in mixed findings. This study
evaluated the impact of Awash irrigation on the welfare of rural smallholder farm-
ers. Two-stage stratified sampling technique employed to select sample house-
holds. Cross-sectional household level data from a survey of 315; 165 irrigation
users and 151 non-users smallholder farmers in Asiyta district, Ethiopia used for the
analysis. This study employed endogenous switching regression model to control for
endogeneity problems associated with adoption decision. Accordingly, the correla-
tion coefficient result proved that the existence of self-selection and endogeneity.
Results indicated, irrigation users’ per capita consumption expenditure and income
were 16 percent and 35 percent, respectively, higher compared to non-irrigation-
users significantly. Endogenous switching regression model further identified
amount of own land cultivated, education status, number of extension contact,
livestock holding, nearest market distance, access to non-farm job and nearest
canal distance significantly determine irrigation participation. The study concluded
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Irrigation is regarded as a strategy for improving
natural production by increasing the productivity
of available land and thereby expanding total
agricultural production. In Ethiopia, irrigation
development can be considered as a cornerstone
of food security and poverty reduction tool as it
has a power to stimulate economic growth and
rural developments, and defending smallholder
farmers’ livelihood against economic vulnerabil-
ity. Accordingly, Ethiopia has huge potential both
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less than 5-10 percent of the estimated poten-
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vices, and results one of the poorest countries in
the world. Thus, our study was meant to inves-
tigate the impact of irrigation on the welfare of
smallholder farmers in Eastern Ethiopia, revealed
irrigation increased consumption expenditure
and income significantly.

Attribution (CC-BY) 4.0 license.

© @

© 2022 The Author(s). This open access article is distributed under a Creative Commons

Page 1 of 18


http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2021.2024722&domain=pdf
http://creativecommons.org/licenses/by/4.0/

Asrat et al., Cogent Economics & Finance (2022), 10: 2024722 *;‘ Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2021.2024722

Figure 1. Conceptual frame- Demographic variables: Age, sex,
work for determinants of irri-

gation participation.
Source: Modified from dependency ratio
Mengistie and Kidane (2016)

education, family size and

Institutional variables:

) Economic

Frequency of  extension
variables:

contact with development
livestock

Irrigation

agents, utilization of formal

credit, participation in off- participation ownership and

. . Cultivated farm
farm income, distance from

. size
market and distance from

homestead to the irrigation

Geographical variables:

scheme
Distance from the nearest all - weather

road

that Awash irrigation is one of the viable solutions to improve the welfare of
smallholder farmers in the study area. Therefore, governmental and non-
governmental organization should promote, improve and expand Awash irrigation
in all areas of the Woreda in particular and irrigation agriculture in general.

Subjects: Agriculture & Environmental Sciences; Environment & Business; Environment &
Economics

Keywords: consumption expenditure; income; poverty; endogenous switching regression

1. Introduction

Agriculture is the leading sector for the economic growth of many low-income countries. In
Ethiopia, agriculture is still a mainstay of the economy and food supplier to the nation, and it
relies largely on rainfall. In Ethiopia, 95% of the total area is cultivated by smallholder farmers and
90% of the country’s agricultural output is produced by smallholder farmers (Mazengia, 2016;
Taffesse et al.,, 2012). Approximately, it contributes 43% of the GDP, 80% of employment and 75%
of export commodity values (Bayleyegn et al., 2018). In general, crop production dominates 67% of
the agricultural GDP (Molden, 2013).

Agriculture in the country is typically small-scale, rain-fall dependent, traditional and subsis-
tence farming with limited access to technology and institutional support services (Hundie, 2014).
Furthermore, the sector is susceptible to weather fluctuations (Salami et al., 2010). Hence, tradi-
tional smallholder agriculture less rewarding that threatens the welfare of the rural poor (Urama &
Ozor, 2010). This results low farm production, widespread lower income and subsequent food
shortages and famines.

Ethiopia is the land of promise with great yet mostly untapped irrigation potential and agricul-
tural land, and highly diverse agro-ecological zone that are suitable for the production of wide
varieties of crops (Awulachew et al.,, 2010). In Ethiopia, irrigation development can be considered
as a cornerstone of food security and poverty reduction tool as it has a power to stimulate
economic growth and rural developments (Hagos et al., 2009). Irrigation is one means by which
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agricultural production can be increased to meet the growing food demands. In Ethiopiga, irrigation
is a key to increase smallholder farmers’ income, household employment and defending small-
holder farmers’ livelihood against economic vulnerability by producing higher value crops and
harvest more than once per year (Haji & Jirane, 2015; Kidane, 2016).

Moreover, irrigation is an optional allocation of household labour. On the other hand, irrigation is
a means for self-employment in household labour (Temesgen, 2017). In turn, this provides them to
build up their assets, buy more food and non-food household items, educate their children and
reinvest in further increasing their production by buying farm inputs or livestock (James & Maryam,
2014).

Ethiopia has huge potential both in water and irrigable land using for a wide range of irrigation
development programmes, and considered as the water tower of Africa (Makombe et al., 2007).
While a lot of effort is exerted towards irrigation development, little attempt is done to quantify
the contribution of irrigation to national income of Ethiopia. The government of Ethiopia has taken
irrigation agriculture as main strategies in the overall country’s development agenda and invest-
ment framework from 2010 to 2020 (Demese et al., 2010). However, less than 5-10 percent of the
estimated potential is actually irrigated (Awulachew et al., 2010).

The existing literature on irrigation and its impact studies are mixed. The literature on this issue
is not only scant, but also polarized. Bhattarai et al. (2002) could not found a straightforward
relationship between irrigation and poverty alleviation in selected Asian countries: India and China.
Finally, the study recommended, restructuring of irrigation commands could be achieved through
reforming of institutional, technical, managerial and operational factors. Passarelli et al. (2018)
evaluated the pathways from irrigation to dietary diversity evidence from Ethiopia and Tanzania.
The study revealed that irrigation has no effect on the diversity of crops produced and income from
agricultural production after controlling for other factors in Tanzania. Similarly, Kibret et al. (2014)
reported malaria transmission increased in irrigated villages of Central Ethiopia.

On the other hand, Moyo and Machethe (2016) found irrigation farming significantly improved
household food security through improved food availability and dietary diversity in South Africa.
Ogunniyi et al. (2018) also reported a significant and positive effect of irrigation technology use on
crop yield, crop income and household food security in Nigeria. Similarly, Abdissa et al. (2017),
Gebrehiwot et al. (2017), Tefera and Cho (2017), Zeweld et al. (2017), and Mekore and Yaekob
(2018) conducted the impact of irrigation in different areas of Ethiopia. And, these studies
indicated that a positive and significant impact of irrigation on smallholder farmers’ welfare.
However, in eastern Ethiopia which is dry land areas, irrigation impact studies were not employed,
while realizing irrigation potential requires innovations, as it poses significant changes related to
traditional lifestyles such as sedentary farming to commercial agriculture.

Impact studies are also influenced by the methodology approach. Most of previous studies did not
address the selection and endogeneity bias that could arise between the adoption decision and the
outcome equation in the model specification and estimation process. According to Mendola (2007),
not account selection bias result upwards or downwards bias of true impact estimates and lead to
misleading policy implications. Therefore, to fill these gaps, this study adopted the most current and
robust endogenous switching regression model, and conducted the impact of Awash irrigation on
smallholder farmers’ consumption expenditure and income, and factors affecting participation of
smallholder farmers in Awash irrigation in Asayta Woreda, Ethiopia.

2. Material and methods

This study adopted cross-sectional household level data survey procedure, carried out in the course of
February to April, 2019 production season from Asaiyta Woreda, Eastern Ethiopia. Two-stage strati-
fied sampling procedure were employed to select representative respondent households. In the first
stage, the 11 rural Kebeles (Peasant Association) found in Asayta Woreda were stratified in to three
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categories as high (>55%), medium (<55-33%) and low (<33%). The classification was based on
irrigation user households to total households’ proportion in each Kebeles. Awash River has the
potential to irrigate fully Asayta Woreda (the 11 Kebeles) because demographically the river rotates
most of the land area. Then, six Kebeles were selected using proportional to size simple random
sampling technique from each stratified Kebeles. In the second stage, using a sampling frame from
the respective agriculture office of sample Kebeles, households in each selected Kebeles were
stratified in to two strata, namely irrigation users and non-users. Irrigation users are households
using Awash irrigation scheme, while non-users are households not using Awash irrigation farming at
all. In ™ areq, there is no rain-fed farming and other irrigation practice. The only crop production
practice is using Awash River. Finally, having the sampling frame from the Woreda agricultural office,
irrigation user and non-user sample households selected randomly based on probability proportional
to size principle from the selected Kebeles of stratified sub-groups. Accordingly, 315 sampled house-
holds; 151 irrigation users and 164 non-users were used in the study.

Thus an appropriate determination of the sample size used in a study is a crucial step in the
design of a study. In arriving at this sample size, account was taken of the constraints imposed by
limitation of Budget and time, the need to ensure a manageable and controllable sample struc-
ture. Moreover, the study adopted cross-sectional household survey, the dynamics of per capita
consumption expenditure and per capita income of smallholder farmers over time was not
adequately covered in the study.

Both secondary and primary data were utilized in this study. Secondary data was used as base
for primary data utilization. Secondary data were reviewed and organized from published and
unpublished materials, while primary data were collected using two-survey procedure, formal and
informal surveys. In the informal survey, key informant interview and focus group discussion were
adopted using checklist interview questions. According to Elder (2009) key informant interview is
conducted on those individuals having further enriched knowledge about the area and can give
clear information on major issues of the study. Therefore, irrigation facilitator development agents,
general manager of each water user association commute and coordinator of each irrigation
scheme from Woreda agriculture office were participated in the interview. These were the first
activities, for rapid appraisal of the irrigation system, to develop and/or refine workable hypothesis
and to develop semi-structure questionnaire for formal survey.

3. Analytical framework

In examining the impacts of irrigation on per capita consumption expenditure and income; it is be too
simplistic and biased to just attribute the differences in consumption expenditure and income between
irrigation users and non-users. The problem of causal inference is not an issue under experimental
data, in which the counterfactual situation is known (Miguel et al., 2004). Even though cross-sectional
survey data are not trivial because of the need to identify the counterfactual situation had they not
had participated in irrigation is a big issue. The selection bias due to observed and unobserved
household and farm characteristics makes it difficult to perform ex-post assessment of gains from
an intervention using observational data (Asfaw et al., 2012). Thus, the problem can be resolved by
investigating the impact of irrigation participation by analysing the differences in outcomes among
farm households participating in irrigation and those not participating using econometric models.

The endogenous switching regression model developed by Lee (1982) as a general model of the
Heckman selection correction model, can account for selection bias by treating selectivity as an
omitted variable problem (Heckman, 1979). Endogenous switching regression model accounts
both endogeneity and sample selection bias, and allow interactions between the selection and
other covariates in the welfare outcome functions (Alene & Manyong, 2007). It also accounts the
differential impact of Awash irrigation on household welfare outcomes; separate welfare outcome
functions for irrigation users and non-users. The description of variables of the model and their
hypothesized relationships are shown in Table 1.
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3.1. Specification of endogenous switching regression model

The critical issue in impact study is acknowledging the potential biases. In the study areaq, irrigation
participation is modeled under the random utility theory, farmers choose themselves as irrigation
users and non-users based on the expected utility they will receive. It is assumed that farmers are risk
neutral, and their decision to participate in irrigation is influenced by the utility they will derive from
irrigation participation. For this, two sources of biases are mentioned. The bias may result from both
observed (observed to the researcher) and unobserved (observed to the respondent but not the
researcher) characteristics. Therefore, self-selection into the intervention (Awash irrigation) utilization
would be the source of endogeneity, and failure to account this bias would obscure the true impact of
the intervention (Alene & Manyong, 2007). Most of previous impact studies were not take in to
account selection bias in their estimation, makes this study unique.

Endogenous switching regression model design account both endogeneity and selection bias by
estimating a simultaneous equations model using full information maximum likelihood method
developed by Lokshin and Sajaia (2004, 2011). In this study, selection bias may be arising from
unobserved factors that potentially affect both the decision to use irrigation and the outcome
functions (per capita consumption expenditure and income). In addition to, endogenous switching
regression model can control structural differences between irrigation user and non-user outcome
functions (Alene & Manyong, 2007; Seng, 2016).

Following Lokshin and Sajaia (2004, 2011), in this approach, there are two stages: first, irrigation
participation (the selection equation) is modeled by standard limited dependent variable model.
Then, the outcome variables are estimated separately for each group as irrigation users and non-
users, conditional on having the selection equation. The following model specifies the selection
equation S*, where S* is the latent variable which is not observed.

St =PZi +vj (1)
o _ [ 1if5>0
= 0ifs' <0

The selection equation is a dummy variable, symbolized as Si; taking a value 1 if households
participate in irrigation and 0 otherwise. The Z represents factors that affect the decision to use
irrigation. The  denotes the vector of parameters, indicating the magnitude and direction of each
explanatory variable effect on the decision to participate in irrigation. The residual v; captures the
unobserved factors and measurement errors.

The two regimes of outcome functions that households’ fall in to, conditional on the selection
equation are represented by the following two regression equations

regim1: Wy; = {\Cxi' =aypq+eif Si=1 (2)
1

. Cyi .
regi2 : Wy = { Y;‘ = gy +&2if Si=0 (3)
I
The Wy; and Wy; are dependent outcome variables determined by the exogenous variables. The a;
and a; are parameters that show the direction and strength of the relation between the outcome
variables ({ sl" and{ \C,Z’) (Per capita consumption expenditure and income of irrigation users and
1i 2i
non-users, respectively) and the independent variables. Accordingly, x;; and y,; are vectors of
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explanatory variables assumed to be weakly exogenous, whereas &1, ¢, are error terms. The Z and
X variables can overlap but there must be at least one variable included in Z but not included in
X to properly identify the outcome equations.

The error terms (e3;.€,;, and v;) have a trivariate normal distribution with mean vector zero and
covariance matrix (0, 2) due to the endogenous behavior of households (Lee, 1982). Thus, the
selection equation error term (y;) is correlated with the outcome equation of error terms (¢; and
&,). Accordingly, the expected values of error terms (e; and ;) would be non-zero, conditional
upon the selection equation. The covariance matrix X is expressed as follows:

GS 01y O

cov(y;, erandey) =< 6y, 62 .
2

ow - 0

2

vi

Where var ()= 62 is the variance of the error term in the selection equation, whereas ¢% and ¢2,
are variances of the error terms in the outcome equations (per capita consumption expenditure
and income). The covariance of error terms v;, and e1; and ey;are 6.1, and o,,,, respectively. On the
other hand, the covariance of the outcome function error terms (cov (1 ¢;)) is not defined because
the two outcome functions are not observed simultaneously (Maddala, 1983). This structure of the
error terms indicates that the error terms of the outcome equation and the error term of the
selection equation are correlated, results in non-zero expected value of ¢;; and &,; given v;—error
term of the selection equation (Abdulai & Huffman, 2014). Therefore, having the disturbance
terms, the log likelihood equation can be derived as:

Y N PO L)1 | IR N 11C))
InL Z Sigai | In{F(gq)} + In o1 + (1 =Sz [In{1 - F(gz)} +In P

Where f (.) is a normal probability density function (pdf) and F(.) is a normal cumulative distribution
function (cdf) of the standard normal distribution.

o= 4(”‘*(?”2/”") Where j = 1, 2
~

The key issue in controlling endogeneity is identification. Following Wooldridge (2010), this study
controlled the endogeneity problem by finding instrumental variable that could be strongly corre-
lated with the selection equation (Equation 1) but not the outcome equations (Equations 2 and 3).
Therefore, refereeing to the data set, distance from the nearest irrigation scheme to the household
homestead (Schdist) used as an instrumental variable to properly identify the model. Accordingly,
following Di Falco et al. (2011), the validity of the selected instrumental variable was tested.

Consequently, estimations of treatment effects were made. The average treatment effect on the
treated (ATT) and untreated (ATU) were computed by comparing the expected values of irrigation

user and non-user households in actual and counterfactual outcome scenarios.

Actual expected outcome: irrigation users

d ({ vuIs = m) = avy + o1f (B)F(6Z;) @

Counterfactual expected outcome: irrigation users
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Table 3. Endogenous switching regression results for irrigation participation and its impact on

income

Irrigation participation

Per capita income

Explanatory
variables
User Non-user
Coef. Stt. Err. Coef. Stt. Err. Coef. Stt. Err.
Age of the -.123* .070 -.019 .023 .0008** .0003
farmer
Age square .001 .0007 .0002 .0002 -.0002 .0003
of farmer
Gender -.196 401 -.068 146 -.380 ** 176
Adult labour 119+ .099 .068** .034 .108** 044
Education 223 178 .075 .083 .043 .084
Land holding .199* 112 -.033 .037 .056 .051
size
Livestock —.251%* .045 —.062*** .022 .023* .012
holding
Access to 141 .236 L4 rr* .087 144 .088
credit
Number of .0301*** .008 .006** .003 .006** .003
extension
contact
Nearest local —.038"* .017 —.091*** .023 .013 .020
market
distance
Access to -1.065*** 211 191* .083 .085 .087
non—farm
job
Nearest —.368%** .075
scheme
distance
Constant 5.771** 1.683 9.972%*+ .566 10.216*** .843
/Ins1 -.863 .054
/Ins2 -.802 .059
/rl .025 551
2 .036 214
sigma_1 .506*** .039
sigma_2 477 .028
rho_1 (pyy) .899*** 104
rho_2 (pyy) .079 237
Log -314.945
likelihood
Wald chi2 61.55***
(11)

LR test of independent equations x2 (1) 6.92 ***

E({ (\2: S = 0,;(1:') = ayyi — o1o1f(PZi) /{1 — F(PZi)}

Counterfactual expected outcome: non-users

(5)
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Table 4. Impact of irrigation on expenditure and income using endogenous switching regres-

sion model

Decision stage

Outcome Household type Treatment
variable and treatment effects
effects
Irrigation user Non-user
Per capita Irrigation user (0)8564.084 (c) 7178.786 ATTc= 1385.29 ***
consumption (112.348) (117.778) (162.769)
expenditure Non-user (d) 7588.329 (b) 5865.995 ATUc= 1722.33%*
(91.445) (89.539) (127.982)
Heterogeneous BHqc= 975.755*** BHc— 1312.79*** THc= —337.04
effects (146.447) (149.989)
Per capita income Irrigation user (e) 8824.714 (g) 5719.953 ATTy= 3104.761***
(209.280) (146.399)
Non-user (h) 7326.186 (f) 5393.873 ATUy= 1932.313***
(192.967) (107.124) (165.358)
Heterogeneity BHqy= 1498.53*** BH,y= 326.08* THy=1172.45
effects (1317.231) (184.187)

*, ** and *** represent significance at 10%, 5% and 1% levels, respectively.
The values in the parenthesis are standard error
Source: Own survey result (2019)

ATT. - average treatment on treated for per consumption; ATU. = average treatment on untreated for per consump-
tion; TH. = transitional heterogeneity; BH = base heterogeneity; Y subscript = per capita income

E<{ 55: IS = 1,)(2,') = a1y + o‘zpzf(ﬁz,')/F(ﬁZ,') 6)

Actual expected outcome: non-users

C-;

E({ 215 = 0ra) = o - sl 9201 - Fis2) )

The effect of average treatment on treated (ATT) is computed as the difference between Equations

(4) and (5):

ATT:E({ 51{ IS = 1,;(1i) —E({ 5“: |szo,;(1,.) 8)
1i 1i

Similarly, the average effect of treatment on untreated (ATU) is the difference between Equations

(6) and (7):

ATU = E({ Caifs 1,;(2i) - E({ Cais O:)(zi) ®)
Yai Yai

Finally, the effect called “transitional heterogeneity” (TH) estimates whether the effect of using
irrigation is larger or smaller for households that use irrigation or for the households that did not
use in the counterfactual case that they did use. It is the difference between (Equation 8) and
(Equation 9), i.e. (ATT) minus (ATU):

TH = ATT — ATU (10)
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4. Result and discussion

4.1. Impact of Awash irrigation on welfare and factors influencing irrigation participation
The endogenous switching regression model with full information maximum livelihood procedure
has a dual role in this paper. One, it used as a criterion equation in differentiating irrigation user
households with their non-user counter parts with respect to per capita consumption expenditure
and per capita income. Two, it used as to find out the determinants that determine smallholder
farm households’ decision to participate in Awash irrigation. The estimated impact of irrigation on
per capita consumption expenditure, and the determinants of irrigation participation are pre-
sented in Table 2. The determinants of irrigation participation (selection equation) under per capita
consumption expenditure presented in columns 2 and 3, and the determinants of per capita
consumption expenditure for irrigation users and non-users are presented in columns (4 and 5)
and (6 and 7), respectively. Similarly, the estimates of impact of irrigation on per capita income and
determinants of irrigation participation are presented in Table 3. Accordingly, The determinants of
irrigation participation (selection equation) under per capita income are presented in columns 2
and 3, and the determinants of per capita income for irrigation users and non-users are presented
in columns (4 and 5) and (6 and 7), respectively.

4.1.1. Factors influencing irrigation participation

From the results, as expected, the model diagnostics are satisfactory; Wald chi2 (11) is statistically
significant at less than 1% significance level for both outcome variables at Tables 2 and 3. This
indicates the overall fitness of endogenous switching regression model, and use of the endogen-
ous switching regression model is justified. Consequently, the likelihood ratio test is statistically
significant, indicates independence of the selection and outcome equations. Thus, reject the null
hypothesis of no correlation between irrigation participation, and per capita consumption expen-
diture and income, shown in Tables 2 and 3, respectively.

The correlation coefficients of non-user per capita consumption expenditure (p,.) and irrigation
user per capita income (p;y), conditional on the selection equation (S;) are significantly different from
zero at 5% and 1% significance level, respectively. This indicates, endogenous switching regression
model confirms the presence of selection bias, evidence of endogeneity and the model controlled the
bias for obtaining consistent and unbiased treatment effect of Awash irrigation. The significance and
positive sign of p1 c and p1Y clearly indicates positive selection bias. This shows, irrigation users had
better expectation of more per capita consumption expenditure and per capita income in the decision
to use Awash irrigation due to unobserved characteristics than a random smallholder farm household
in that regime.

The explanatory variables on both the selection equations had the same sign of coefficient and
statistically significance level, whereas the only difference is in magnitude (Tables 2 and 3 in columns 2
and 3 of both tables). Accordingly, land holding, education and number of extension contact visited by
development agents (Extcontact) were positively and significantly determine the decision to partici-
pate in Awash irrigation. On the other hand, livestock holding in tropical livestock unit, nearest local
market distance (marktdis), access to non-farm job (Accnfjob), nearest irrigation scheme distance
(Schdist) were negatively and significantly determine the decision to participate Awash irrigation.

The result indicates, education happened to have positively and significantly determined the decision
to participate in irrigation of both per capita consumption expenditure and income (Tables 2 and 3, in
columns 2 and 3, respectively). According to Norris and Batie (1987), education tends to have positive
association with new technology adoption among farmers because of better access to and compre-
hension of information on the technologies. Literate (can read and write) households are active and
responsible to take training, demonstration, experience sharing and easily understand the benefit of
irrigation. Similarly, Gebrehiwot et al. (2017) and Tigga (2018) found that education positively and
significantly determined the decision to use irrigation in northern part of Ethiopia.
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Land holding happened to have positively and significantly determined the decision to partici-
pate in irrigation of both per capita consumption expenditure and income (Tables 2 and 3, in
columns 2 and 3, respectively). This indicates, in the study areq; land holding size is a decisive
factor to participate in Awash irrigation. Abdissa et al. (2017), Tefera and Cho (2017), and Tigga
(2018) found a similar figure in different areas of Ethiopia.

The number times the respondents visited by development agents (Extcontact) happened to
have a positive and significant effect on the decision to participate Awash irrigation of both per
capita consumption expenditure and income (Tables 2 and 3, in columns 2 and 3, respectively).
Smallholder farmers frequently taking extension service can access updated information, leads the
probability of adopting new technology and can use the resources wisely with proper management
of input for better production and productivity of high value crops. Abdissa et al. (2017),
Gebrehiwot et al. (2017), and Tigga (2018) found a similar figure, whereas Zeweld et al. (2017)
found that extension contact negatively and significantly determined the decision to use irrigation.

Livestock holding in TLU happened to have a negative and significant effect to participate in
Awash irrigation of both per capita consumption expenditure and income (Tables 2 and 3, in
columns 2 and 3, respectively). This result indicates, in the study area, households having more
livestock were less likely to use Awash irrigation because waste match of their time in animal
production. Regassa (2015), and Mekore and Yaekob (2018) found a similar figure. On the other
hand, Anteneh (2016) investigated the impact of small-scale irrigation schemes on household
income in Bahir Dar Zuria Woreda, Ethiopia, and found livestock holding significantly and positively
determined irrigation participation.

Distance from sampled households’ homestead to the nearest local market (marktdis) deter-
mined the decision to use irrigation negatively and significantly of both per capita consumption
expenditure and income (Tables 2 and 3, in columns 2 and 3, respectively). As the nearest local
market distance is far from the homestead of households, they might choose to sell their product
with cheaper price to neighbor traders. In fact, market distance constrained households in selling
their agricultural products, and to purchase agricultural inputs easily. This result is consistent to
previous studies conducted in different areas of Ethiopia (Solomon & Ketema, 2015; Zeweld et al.,
2017).

Access to non-farm job activities negatively and significantly determined the decision to participate
in Awash irrigation of both per capita consumption expenditure and income (Tables 2 and 3, in
columns 2 and 3, respectively). Smallholder farmers participating in non-farm job activities including
off-farm job were less likely to participate in irrigation because alternatively, searching non-farm
activities as a source of income. Mekore and Yaekob (2018) found a similar figure in northern Ethiopia.
In contrast, Anteneh (2016) found an opposite figure in Bahir Dar Zuria Woreda, Ethiopia.

Nearest irrigation scheme distance from household homestead (Schdist) used as instrumental
variable due to data availability and formal testing procedures. The result revealed that distance
from the nearest irrigation scheme to the homestead had a negative and significant relationship to
participate in irrigation (Tables 2 and 3, in columns 2 and 3, respectively). Further justification, as
distance from the nearest irrigation scheme to the households’ homestead increases, the prob-
ability to use irrigation significantly decreasing. Owusu et al. (2011), and Kuwornu and Owusu
(2012) found a similar figure in northern Ghana. Similarly, Gebrehiwot et al. (2017) investigated the
impact of micro-irrigation on households’ welfare in the northern part of Ethiopia, and found
a negative and significant relationship to participate in irrigation and income of households.

4.1.2. Factors determining the welfare of irrigation users and non-users

The estimated results presented in (Tables 2 and 3 in columns 4 and 5, 6 and 7), demonstrate that,
a significant variation on the impacts has been revealed across the two groups of households.
These variations were accounted for irrigation use statuses of households, keeping other things
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remain constant. This implies that the condition to use irrigation, distorted the effect of explana-
tory variables across the two groups of households.

Accordingly, gender and access to credit significantly and positively determined per capita
consumption expenditure of non-irrigation users, whereas adult labour negatively and significantly
determined non-users per capita consumption expenditure (Table 2 in column 6 and 7). On the
other hand, nearest local market distance negatively and significantly determined per capita
consumption expenditure of irrigation users (Table 2 in column 4 and 5).

Similarly, access to non-farm job and access to credit positively and significantly determined
irrigation users’ per capita income, whereas nearest local market distance negatively and significantly
determined (Table 3 in columns 4 and 5). Gender negatively and significantly determined non-users
per capita income (Table 3 in columns 6 and 7), whereas adult labour and number of extension
contact significantly determined both irrigation users and non-users per capita income positively.
Livestock holding significantly determined irrigation users and non-user per capita income positively
and negatively, respectively (Table 3 in columns 4 and 5, 6 and 7), whereas age of the household head
positively and significantly determined non-users per capita income (Table 3 in columns 6 and 7).

4.1.3. Estimates of impact of Awash irrigation on per capita expenditure and income

An important question in this paper is whether smallholder farmers those used Awash irrigation
have a significant impact on the per capita consumption expenditure and per capita income,
compared to non-irrigation users (Table 4).

The endogenous switching regression model revealed that irrigation users’ actual expected per
capita consumption expenditure was approximately ETB 8565, while the expected per capita
consumption expenditure the same irrigation users would have enjoyed if they did not use
irrigation (counterfactual of the irrigation users) was approximately ETB 7179. Therefore, the
observed per capita consumption expenditure gap, average treatment on treated (ATT) was
found ETB 1385 (16%). The difference is statistically significant. Similarly, Zeweld et al. (2015),
and Ketema and Sisay (2016) were found that irrigation significantly increase the per capita
consumption expenditure of smallholder farms in northern Tigray and Bahirdar-Zuria Woreda,
respectively.

In similar estimation, irrigation users actual expected per capita income was approximately ETB
8825, while the expected per capita income that the same irrigation users would have enjoyed if
they did not use irrigation (counterfactual of irrigation users) was approximately ETB 5720.
Therefore, the observed per capita income gap, average treatment on treated (ATT) was found
ETB 3105 (35%). The difference is statistically significant. Similarly, Yihdego et al. (2015),
Gebrehiwot et al. (2017), Tefera and Cho (2017), Zeweld et al. (2017), and Ogunniyi et al. (2018)
were found a similar figure.

The transitional heterogeneity result revealed that ETB 337 more per consumption expenditure
and ETB 1172 less per capita income, respectively. This shows that non-users under the status of
access to irrigation were performing better than irrigation users in per capita consumption expen-
diture, whereas the opposite is true for per capita income.

5. Conclusions

This study presented evidence on the impact of Awash irrigation on smallholder farmers’ welfare in
Asayta Woreda, Afar Regional State, Ethiopia. Two-stage stratified proportional to size random
sampling techniques was employed. Cross sectional household level data, gathered from 315
randomly selected households (164 irrigation users and 151 non-users) from six rural Kebeles
through formal household survey was used. The informal survey; ki-informant interview and focus
group discussion used to narrate. The most robust and current endogenous switching regression
model employed for econometric analysis. The endogenous switching regression model account
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selection bias associated with endogeneity of programme participation, often encountered in most
programme evaluations. As expected, the study confirmed the presence of selection bias, suggest-
ing that addressing selection bias issue by accounting both observable and unobservable factors
were a prerequisite for obtaining consistent and unbiased treatment effect of Awash irrigation.

Endogenous switching regression model revealed that irrigation users’ had 16% higher per
capita consumption expenditure compared to the same irrigation users would have enjoyed if
they did not use irrigation (counterfactual group). This indicates that per capita consumption
expenditure gap was 16% which is the average treatment on treated (ATT). Similarly, the irrigation
users had 35% higher per capita income compared to their counterfactual group. This indicates
that per capita income gap was 16% which is the average treatment on treated (ATT). Both
outcome variables were statistically significant at less than 1% significance level.

Endogenous switching regression model also revealed that land holding, education and number of
extension contact positively and significantly influence the decision to participate Awash irrigation of
both outcome variables. On the other hand, livestock holding in tropical livestock unit, nearest local
market distance, access to non-farm job activities, distance from the irrigation scheme to homestead
significantly and negatively influence the decision to participate in Awash irrigation.

If effectively managed, Awash River has the capacity to irrigate the whole land cover of Asayta
Woreda. Therefore, governmental and non-governmental organizations should give attention and
support with technology based as well as change the perception of smallholder farmers to
increase their irrigated land coverage by modernizing the extension system. The concerned
governmental organizations should form farmers’ cooperative, and connect directly with whole-
salers for price advantage, and to avoid loss of perishable farm products. The irrigation system in
the study area is furrow or flooding. This is a very traditional system of irrigation practiced in
ancient times in other areas. Therefore, both governmental and non-governmental as well as
farmers should construct distributional canals in concrete and form more additional canals to
avoid water loss. Moreover, still know, the distribution of the water is managed by Gossa leaders in
each Kebeles. Hence, the government in collaboration with the farmers should form water asso-
ciation committees in each Kebeles, and efficiently manage the water distribution.

Funding
The author(s) reported there is no funding associated with
the work featured in this article.

Author details

Dagninet Asrat?

E-mail: dagninet60@gmail.com

ORCID ID: http://orcid.org/0000-0001-5457-5000

Adugnaw Anteneh?

E-mail: adugna.abvm@gmail.com

Mohammed Adem?

E-mail: mameyaadem@gmail.com

ORCID ID: http://orcid.org/0000-0003-3733-8534

Zewdu Berhanie?

E-mail: zewduayele@gmail.com

* Faculty of Dry Land Agriculture, Samara University, P.O.
Box 132, Samara, Ethiopia.

2 Faculty of Business and Economics, Samara University, P.
0. Box 132, Samara, Ethiopia.

3 Faculty of Agriculture and Environmental Sciences, Bahir
Dar University, P.O. Box 79, Bahir Dar, Ethiopia.

Disclosure statement
No potential conflict of interest was reported by the
author(s).

Citation information
Cite this article as: Impact of Awash irrigation on the
welfare of smallholder farmers in Eastern Ethiopig,

Dagninet Asrat, Adugnaw Anteneh, Mohammed Adem &
Zewdu Berhanie, Cogent Economics & Finance (2022), 10:
2024722.

References

Abdissa, F., Tesema, G., & Yirga, C. (2017). Impact analysis
of small scale irrigation schemes on household food
security the case of Sibu Sire district in Western
Oromia, Ethiopia. Irrigat Drainage Sys Eng, 6(187), 2.
doi:10.4172/2168-9768.1000187.

Abdulai, A., & Huffman, W. (2014). The adoption and impact
of soil and water conservation technology: An endo-
genous switching regression application. Land
Economics, 90(1), 26-43. https://doi.org/10.3368/le.90.
1.26

Alene, A. D., & Manyong, V. M. (2007). The effects of
education on agricultural productivity under tradi-
tional and improved technology in northern Nigeria:
An endogenous switching regression analysis.
Empirical Economics, 32(1), 141-159. https://doi.org/
10.1007/s00181-006-0076-3

Anteneh, A. (2016). Economic valuation of improved irri-
gation water in Bahir Dar Zuria Woreda, Ethiopia.
Journal of Economics, 5(3), 46-55. www.iiste.org.

Asfaw, S., Shiferaw, B., Simtowe, F., & Lipper, L. (2012).
Impact of modern agricultural technologies on
smallholder welfare: Evidence from Tanzania and
Ethiopia. Food Policy, 37(3), 283-295. https://doi.org/
10.1016/j.foodpol.2012.02.013

Page 16 of 18


https://doi.org/10.4172/2168-9768.1000187
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.1007/s00181-006-0076-3
https://doi.org/10.1007/s00181-006-0076-3
http://www.iiste.org
https://doi.org/10.1016/j.foodpol.2012.02.013
https://doi.org/10.1016/j.foodpol.2012.02.013

Asrat et al., Cogent Economics & Finance (2022), 10: 2024722
https://doi.org/10.1080/23322039.2021.2024722

Awulachew, S. B., Erkossa, T., & Namara, R. E. (2010).
Irrigation potential in Ethiopia; Constraints and oppor-
tunities for enhancing the system. IWMI, Addis Ababa.

Bhattarai, M., Pant, D., Mishra, V. S., Devkota, H., Pun, S.,
Kayastha, R. N., & Molden, D. (2002). Integrated
development and management of water resources for
productive and equitable use in the Indrawati River
Basin, Nepal (Vol. 41). IWMI.

Di Falco, S., Veronesi, M., & Yesuf, M. (2011). Does adap-
tation to climate change provide food security? A
micro-perspective from Ethiopia. American Journal of
Agricultural Economics, 93(3), 829-846. https://doi.
org/10.1093/ajae/aar006

Gebrehiwot, K. G., Making, D., & Woldu, T. (2017). The impact
of micro-irrigation on households’ welfare in the
northern part of Ethiopia: An endogenous switching
regression approach. Studies in Agricultural Economics,
119(3), 160-167. https://doi.org/10.7896/j.1707

Hagos, F., Makombe, G., Namara, R. E., & Awulachew, S. B.
(2009) importance of irrigated agriculture to the
Ethiopian economy: Capturing the direct net benefits
of irrigation (Report Number 128). IWMIL.

Haji, J., & Jirane, A. L. (2015). Determinants of use of
small-scale irrigation and its effects on household food
security: The case of Bako Tibe District, West Shoaq,
Ethiopia [Doctoral dissertation]. Haramaya University.

Heckman, J. J. (1979). Statistical models for discrete panel
data. Department of Economics and Graduate School
of Business, University of Chicago.

Kibret, S., Wilson, G. G., Tekie, H., & Petros, B. (2014). Increased
malaria transmission around irrigation schemes in
Ethiopia and the potential of canal water management
for malaria vector control. Malaria Journal, 13(1), 360.
https://doi.org/10.1186/1475-2875-13-360

Kuwornu, J., & Owusu, E. (2012). Irrigation access and per
capita consumption expenditure in farm households:
Evidence from Ghana. Journal of Development and
Agricultural Economics, 4(3), 78-92. doi:10.5897/
JDAE11.105.

Lee, L. F. (1982). Some approaches to the correction of
selectivity bias. The Review of Economic Studies, 49
(3), 355-372. https://doi.org/10.2307/2297361

Lokshin, M., & Sajaia, Z. (2004). Maximum likelihood esti-
mation of endogenous switching regression models.
The Stata Journal, 4(3), 282-289. https://doi.org/10.
1177/1536867X0400400306

Maddala, G. S. (1983). Limited-dependent and qualitative
variables in econometrics. Cambridge University
Press. Retrieved March 19, 2018, from https://doi.org/
10.1017/CBO9780511810176

Makombe, G., Kelemework, D., & Aredo, D. (2007).

A comparative analysis of rain-fed and irrigated
agricultural production in Ethiopia. Irrigation and
Drainage Systems, 21(1), 35-44. https://doi.org/10.
1007/s10795-007-9018-2

Mazengia, Y. (2016). Smallholders’ commercialization of
maize production in Guangua district, northwestern
Ethiopia. World Scientific News, 58(2016), 65-83
www.worldscientificnews.com.

Mekore, G., & Yaekob, T. (2018). Determinants and its
extent of rural poverty in Ethiopia: Evidence from
Doyogena District, Southern part of Ethiopia. Journal
of Economics and International Finance, 10(3), 22-29.
https://doi.org/10.5897/JEIF2017.0837

Miguel, E., Satyanath, S., & Sergenti, E. (2004). Economic
shocks and civil conflict: An instrumental variables
approach. Journal of Political Economy, 112(4),
725-753. https://doi.org/10.1086/421174

Molden, D. (Ed.). (2013). Water for food water for life:

A comprehensive assessment of water management
in agriculture. Routledge.

< cogent -~ economics & finance

Moyo, T., & Machethe, C. L. (2016). The relationship
between smallholder irrigation and household food
availability and dietary diversity in Greater Tzaneen
Municipality of Limpopo Province, South Africa.
Journal of Sustainable Development, 9(4), 165.
https://doi.org/10.5539/jsd.vOn4p165

Norris, P. E., & Batie, S. S. (1987). Virginia farmers’ soil con-
servation decisions: An application of the Tobit analysis.
Southern Journal of Agricultural Economics, 19(1), 79-90.
https://doi.org/10.1017/S0081305200017404

Ogunniyi, A.,, Omonona, B., Abioye, O., & Olagunju, K.
(2018). Impact of irrigation technology use on crop
yield, crop income and household food security in
Nigeria: A treatment effect approach.

Owusu, E., Namara, R., & Kuwornu, J. (2011). Welfare-
enhancing Role of Irrigation in Farm Households in
Northern Ghana. International Journal of Diversity,
2011(1), 61-87. https://www.academia.edu/10973118.

Passarelli, S., Mekonnen, D., Bryan, E., & Ringler, C. (2018).
Evaluating the pathways from small-scale irrigation
to dietary diversity: Evidence from Ethiopia and
Tanzania. Food Security, 10(4), 981-997. https://doi.
0rg/10.1007/s12571-018-0812-5

Regassa, A. E. (2015). Determinants of agro pastoralist’s
participation in irrigation scheme: The case of fen-
talle agro pastoral district, Oromia regional state,
Ethiopia. International Journal of Agricultural
Research, Innovation and Technology, 5(2), 44-50.
https://doi.org/10.3329/ijarit.v5i2.26269

Salami, A., Kamara, A. B., & Brixiova, Z. (2010). Smallholder
agriculture in East Africa: Trends, constraints and
opportunities. African Development Bank.

Seng, K. (2016). The effects of market participation on farm
households’ food security in Cambodia: An endogenous
switching approach. MPRA Paper No. 69669.Retrieved
February 26, 2018, from https://mpra.ub.unimuenchen.
de/69669/

Solomon, S., & Ketema, M. (2015). Impact of irrigation
technologies on Rural Households’ poverty status:
The case of Fogera District, North-Western Ethiopia.
AGRIS on-line Papers in Economics and Informatics, 7
(665-2016-45045), 59-67. 10.7160/a0l.2015.070107.

Taffesse, A. S., Dorosh, P. A, & Asrat, S. (2012). Crop
production in Ethiopia: Regional patterns and trends:
Summary of ESSP working paper 16 (No. 11).
International Food Policy Research Institute (IFPRI).

Teferq, E., & Cho, Y. B. (2017). Contribution of small scale
irrigation to households income and food security:
Evidence from Ketar Irrigation Scheme, Arsi Zone,
Oromiya Region, Ethiopia. African Journal of Business
Management, 11(3), 57-68. https://doi.org/10.5897/
AJBM2016.8175

Temesgen, H. (2017). Participation in and impact of small
scale irrigation practice on household income: The
case of Abay Chomen district of Oromia National
Regional state, Ethiopia(No. 634-2018-5524).
Irrigation and Drainage Systems, 21, 35-44. 10.
22004/ag.econ.276456.

Urama, K. C., & Ozor, N. (2010). Impacts of climate
change on water resources in Africa: The role of
adaptation. African Technology Policy Studies
Network, 29, 1-29 https://pdfs.semanticscholar.org/
2eac/cdb9c3b59556f2b39bd549482a773010fc8f.pdf.

Wooldridge, J. M. (2010). Econometric analysis of cross
section and panel data. MIT Press.

Yihdego, A. G., Gebru, A. A., & Gelaye, M. T. (2015). The
impact of small-scale irrigation on income of rural
farm households: Evidence from Ahferom Woreda in
Tigray, Ethiopia. International Journal of Business and
Economics Research, 4(4), 217-228. https://doi.org/
10.11648/j.ijber.20150404.14

Page 17 of 18


https://doi.org/10.1093/ajae/aar006
https://doi.org/10.1093/ajae/aar006
https://doi.org/10.7896/j.1707
https://doi.org/10.1186/1475-2875-13-360
https://doi.org/10.5897/JDAE11.105
https://doi.org/10.5897/JDAE11.105
https://doi.org/10.2307/2297361
https://doi.org/10.1177/1536867X0400400306
https://doi.org/10.1177/1536867X0400400306
https://doi.org/10.1017/CBO9780511810176
https://doi.org/10.1017/CBO9780511810176
https://doi.org/10.1007/s10795-007-9018-2
https://doi.org/10.1007/s10795-007-9018-2
http://www.worldscientificnews.com
https://doi.org/10.5897/JEIF2017.0837
https://doi.org/10.1086/421174
https://doi.org/10.5539/jsd.v9n4p165
https://doi.org/10.1017/S0081305200017404
https://www.academia.edu/10973118
https://doi.org/10.1007/s12571-018-0812-5
https://doi.org/10.1007/s12571-018-0812-5
https://doi.org/10.3329/ijarit.v5i2.26269
https://mpra.ub.unimuenchen.de/69669/
https://mpra.ub.unimuenchen.de/69669/
http://10.7160/aol.2015.070107
https://doi.org/10.5897/AJBM2016.8175
https://doi.org/10.5897/AJBM2016.8175
http://10.22004/ag.econ.276456
http://10.22004/ag.econ.276456
https://pdfs.semanticscholar.org/2eac/cdb9c3b59556f2b39bd549482a773010fc8f.pdf
https://pdfs.semanticscholar.org/2eac/cdb9c3b59556f2b39bd549482a773010fc8f.pdf
https://doi.org/10.11648/j.ijber.20150404.14
https://doi.org/10.11648/j.ijber.20150404.14

Asrat et al., Cogent Economics & Finance (2022), 10: 2024722
https://doi.org/10.1080/23322039.2021.2024722

cogent--0a

®

Zeweld, W., Hidgot, A., & Hailu, G. (2017). Adoption of
irrigation and its consequences on household income
in The Northern Ethiopia. Ethiopian Journal of
Environmental Studies and Management, 10(5),
654-667. https://doi.org/10.4314/ejesm.v10i5.9

Zeweld, W., Huylenbroeck, G. V., Hidgot, A,
Chandrakanth, M. G., & Speelman, S. (2015). Adoption
of small-scale irrigation and its livelihood impacts in
Northern Ethiopia. Irrigation and Drainage, 64(5),
655-668. https://doi.org/10.1002/ird.1938

Mengistie, D., and Kidane, D. (2016). Assessment of the
impact of small-scale irrigation on household liveli-
hood improvement at Gubalafto District, North Wollo,
Ethiopia. Agriculture, 6(3), 27.

Bayleyegn, D., Ericksen, P. J., & Solomon, D. (2018).
Climate Resilient Green Economy Strategy: Sector-
wise GTP II Implementation Monitoring Checklist,
Addis Ababa, Ethiopia.

Hundie, S. K. (2014). Savings, investment and economic
growth in Ethiopia: Evidence from ARDL approach to co-
integration and TYDL Granger-causality tests. Journal of
Economics and international finance, 6(10), 232-248.

James, B., and Maryam, M. O. (2014). Small-scale irrigation
and household wages relationship: Proof from Deder
district, Ethiopia. Int. J. Irrig. Water Manag, 8, 4441-
4451,

<= cogent - economics & finance

Mendola, M. (2007). Agricultural technology adoption and
poverty reduction: A propensity-score matching
analysis for rural Bangladesh. Food policy, 32(3),
372-393.

Elder, S. 2009. ILO school-to-work transition survey: A
methodological guide. Module 3: Sampling metho-
dology. International Labour Organization, Geneva,
Switzerland.

Lokshin M., and Sajaia, Z. 2011. Impact of interventions
on discrete outcomes: Maximum likelihood estima-
tion of the binary choice models with binary endo-
genous repressors. The Stata Journal. 11(3): 368-
385.

Tigga A, 2018. The Impact of Irrigation on Poverty
Alleviation and Asset Creation in Northern Ethiopia.
1JCRT, 6 (2): 854-864

Astatike, A. A. (2016). Assessing the impact of small-
scale irrigation schemes on household income in
Bahir Dar Zuria Woreda, Ethiopia. Journal of
Economics and Sustainable Development, 7(2),
82-88.

Chanyalew, D., Adenew, B., and John M, 2010. Ethiopia’s
Agricultural Sector Policy and Investment Framework
(PIF) 2010-2020. The report of Federal Democratic
Republic of Ethiopia, Ministry of Agriculture and Rural
Development, Addis Ababa, Ethiopia.

© 2022 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

You are free to:

Share — copy and redistribute the material in any medium or format.
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

No additional restrictions

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Economics & Finance (ISSN: 2332-2039) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:

«  Immediate, universal access to your article on publication

»  High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online
+  Download and citation statistics for your article

*  Rapid online publication

«  Input from, and dialog with, expert editors and editorial boards
+  Retention of full copyright of your article

*  Guaranteed legacy preservation of your article

«  Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 18 of 18


https://doi.org/10.4314/ejesm.v10i5.9
https://doi.org/10.1002/ird.1938

	1.  Introduction
	2.  Material and methods
	3.  Analytical framework
	3.1.  Specification of endogenous switching regression model

	4.  Result and discussion
	4.1.  Impact of Awash irrigation on welfare and factors influencing irrigation participation
	4.1.1.  Factors influencing irrigation participation
	4.1.2.  Factors determining the welfare of irrigation users and non-users
	4.1.3.  Estimates of impact of Awash irrigation on per capita expenditure and income


	5.  Conclusions
	Funding
	Author details
	Disclosure statement
	References

