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Impact of water-related collective action on rural
household welfare in the Upper Ewaso Ng’iro
North Catchment Area: The application of the
endogenous switching regression

Simon Ng’ang’a Mwaura®*, Isaac Maina Kariuki?, Simon Kiprop®, Augustus Sammy Muluvi®,
Boniface Kiteme* and Patience Mshenga®

Abstract: Key among government strategies to promote efficient and participatory
water management in Kenya is through empowering local communities to manage
water resources through Water Resource Users’ Associations (WRUAs) which is a
collective action initiative. However, there is contrasting empirical evidence on the
welfare benefits households derive from this water governance mechanism. The
study applied the endogenous switching regression to estimate the causal impact
on household consumption per adult equivalent and household incomes per adult
equivalent. The results indicate that WRUA membership has a positive and signifi-
cant effect on household consumption per adult equivalent and household income
per adult equivalent. The results show that non-members would have significant
welfare improvements in their household consumption and incomes if they under-
took WRUA membership.
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PUBLIC INTEREST STATEMENT

Water demand in Kenya, like in most developing
countries, has risen sharply in recent years due to
increased users and uses. Kenya has five water
catchments including; Tana, Athi, Rift Valley,
Ewaso Ng'iro and Lake Victoria catchments. As a
result, all the five catchments are facing degra-
dation as a result of manmade and natural fac-
tors including climate change, making water risk
a reality. Water risk is associated with physical
water availability and water quality. To mitigate
the water risk, grassroots water governance
institutions have been targeted. We therefore
assess the impact of these local water govern-
ance institutions on household welfare, since,
households as a decision-making unit are
rational and will choose pareto efficient out-
comes of investments before participating. The
empirical results show that community-based
water governance institutions can achieve the
two desired ends of sustainability in water use
for ecological benefits and household welfare
improvements.
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Figure 1. Decline in per capita
renewable water resources
over time.

Source Mogaka et al. (2006)

Key words: Water governance; collective action; welfare; Upper Ewaso Ng’iro North
Catchment; Endogenous Switching Regression
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1. Introduction

Despite water being a constitutional right to every Kenyan, per capita rechargeable freshwater
resources, have been declining over time and currently stand at an average of 650 cubic meters, far
below the recommended threshold of 1000 cubic meters per capita annually as shown in Figure 1.
Following this decline in per capita water resources, the United Nations (UN) has classified Kenya as a
chronically “water-scarce” country (Republic of Kenya, 2015; Republic of Kenya, 2010; Ogendi &
Ong’oq, 2009; Mogaka et al., 2006). The main water-related challenges facing the country include;
growing population, water scarcity, climate variability, sporadic water resource conflicts and water
catchment degradation (Chepyegon & Kamiya, 2018; Kiteme & Wiesmann, 2015; Nyanchaga, 2016;
Ogendi & Ong’oq, 2009; Viaggi et al., 2014).

Key among government strategies to promote efficient and participatory water management is
through empowering local communities to manage water resources through Water Resource
Users’ Associations (WRUAs) which is a collective action initiative. This approach was adopted
following the second Dublin Principle that states that water development and management should
be based on a participatory approach, involving users, planners and policy makers at all levels.
Informed with this knowledge, Water Resource Users’ Associations (WRUAs) were officially created
in Kenya by the Water Act of 2002. The Water Act 2002 provides for establishment of WRUAs,
which are community-based associations for collective management of water resources and
resolution of conflicts concerning use of water resources. After the enactment of the legislation,
the formation and registration of WRUAs have intensified.

Collective action is now recognized as central to addressing the water governance and manage-
ment challenges (Suhardiman et al.,, 2017). This is because collective action can strengthen the
bargaining power of smallholders relative to other producers of environmental services and buyers
of environmental services (Swallow et al., 2005). Several studies have shown evidence where
individual farmers prefer not to be WRUA members for different reasons especially where there
is a negative relationship between elite capture and users’ satisfaction (Agrawal, 2002;
Kadirbeyoglu & Ozertan, 2011; Richards & Syallow, 2018). Apart from elite capture, the other
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major problems facing WRUAs include; dependency on donor support; the management structure;
power issues within the management; finally some community members believe that WRUAs have
no right to enforce cooperation over water resources, due to the belief that water is God given and
one should use his/her share of water without restriction and therefore will self-select into non-
membership (Richards & Syallow, 2018; Aarts, 2012; Kadirbeyoglu & Ozertan, 2011; Agrawal,
2002). The highlighted problems facing WRUAs, especially elite-capture and the management
structure may pose a problem of self-selection bias, where non-members’ decision to join mem-
bership will be influenced by observable and non-observable characteristics.

Several studies have assessed the Impacts of Water User Associations (WUAs) on household
welfare (i.e. food security; income; poverty reduction, assets, farm productivity), the findings have
shown contrasting findings, whereby, several studies showed positive welfare impacts
(Balasubramanya et al,, 2016; Gebrekidan, 2013; Leuveld et al., 2010; McCarthy & Essam, 2009),
while other studies found no welfare impacts associated with WUA participation (Chun, 2014 &
Shiferaw et al., 2008). According to Chun (2014) participation in water collective action is found to
increase sufficiency of water in the canal, but not land productivity or per capita incomes. According
to Shiferaw et al. (2008) collective action has a positive and highly significant effect on natural
resource investments, but no evidence of its effects on household assets and poverty reduction
outcomes. In conclusion Chun (2014) shows that a major challenge with water collective action is
that, it may provide greater equality in water access but insufficient incentives to participate, if
collective action does not improve household utility (the bundle of welfare goods such as income,
poverty alleviation, and productivity). From the literature it is clear that water collective action has
different impacts and more evidence is needed to further bridge this knowledge gap.

The most direct and popular measures of welfare are income and consumption expenditure
(Kabubo-Mariara et al., 2006). According to Deaton and Grosh (2000) for developing countries, a
strong case can be made for preferring consumption, based on both conceptual and practical
considerations. Since, income is only received intermittently, whereas consumption is “smoothed”
over time. Consumption is conventionally viewed as the preferred welfare indicator, for practical
reasons of reliability and because consumption better captures long-run welfare levels than
current income. Economic theory suggests that current consumption more directly measures the
material well-being of the family than current income (Cutler & Katz, 1991). We, however, proceed
our analysis using household consumption per adult equivalent and household income per adult
equivalent.

The main objective of the study was to assess the factors that influence smallholder farmers to
participate in WRUAs and its impact on household consumption per adult equivalent and house-
hold income per adult equivalent in Kenya.

The study tested the following hypothesis:

« There is no relationship between WRUA membership and household consumption per adult
equivalent.

+ There is no relationship between WRUA membership and household income per adult
equivalent.

2. Theoretical framework
This study was grounded on the following theories, Hardin’s Theory of Common Pool Resources
(CPRs) and Olson’s Theory of Collective Action.

2.1. Tragedy of the commons theory/Hardin’s theory/theory of common pool resources

The theory of the Commons or Tragedy of the commons emanated from Hardin (1968). According
to Ostrom (1990), “the tragedy of the commons” has been used as a metaphor for the problems of

Page 3 of 22



Mwaura et al., Cogent Food & Agriculture (2020), 6: 1834667 “lk;' Cogent P food & ag ricu |‘tu re

https://doi.org/10.1080/23311932.2020.1834667

overuse and degradation of natural resources including water catchments and ecosystems.
According to Hardin (1968) the tragedy of the commons develops in this way. Picture a pasture
open to all. It is expected that each herdsman will try to keep as many cattle as possible in the
commons. Such an arrangement may work reasonably satisfactorily for centuries because tribal
wars, poaching and diseases keep the numbers of both man and beast well below the carrying
capacity of the land. Finally, however, comes the day of reckoning, that is, the day when the long-
desired goal of social stability becomes a reality. At this point, the inherent logic of the commons
remorselessly generates a tragedy.

A common pool resource is a resource that benefits a group of people, but which provides
diminished benefits to everyone if each individual pursues his or her own self-interest. The value of
a common pool resource can be reduced through overuse because the supply of the resource is
not unlimited and using more than can be replenished can result in scarcity. Overuse of a common
pool resource can lead to the tragedy of the commons problem (Hardin, 1968). Hardin argued that
without a proper “governance structure” the resource, upon which users depend, is destined to be
over-used, over-exploited and consequently to deteriorate until finally it collapses.

Water resources in the catchment area exhibit all the characteristics of CPRs and if not well
governed would be over-exploited having dire consequences on households, institutions and
wildlife. According to WRMA (Water Resources and Management Authority) and WSTF (The
Water Sector Trust Fund) (WRMA and WSTF, 2009), the key objectives and reasons why WRUAs
were formed in Kenya include; promotion of controlled and legal water use activities; good
management practices that make efficient and sustainable use of water resources; the safeguard-
ing of environmental flows for downstream ecological demands and basic human needs; the
reduction of water use conflicts; and catchment conservation measures to improve water quantity
and quality. These objectives demonstrate the need to avert the tragedy of commons through
community-led collective action.

2.2. Olson’s theory of collective action

The foundation of the theory of collective action is based on the work by Olson (1971).
According to Olson a group should be treated as an assembly of rational individuals, not as
an entity itself. Olson suggested that there are two premises worth of consideration: the size of
a group and the mechanism of selective incentives. Small groups are able to provide collective
goods only through voluntary action of their members. The incentives to free-ride or shirk are
limited here by social control or by transparent effects of group action. Then there are inter-
mediate groups, in which no member of the group is able to gain benefits large enough to bear
all the costs of acting, but the number of members is small enough to be successfully
monitored. Thus it is hard to predict whether a successful collective action will take place.
However, a system of incentives and effective organization make it possible that such a group
will act and obtain privileges.

Olson also points to huge groups, which he calls latent ones that face the most severe difficulties
to take up collective action. These groups face three problems to successfully organize themselves.
First, the larger the group is, the lesser individual benefits are. Second, large groups create
incentives to freeriding and face difficulties with regard to just and effective distribution of costs.
Finally, in large groups the collective good will be supplied less optimally than in small ones.

There is one more condition that Olson points to when it comes to the supply of collective good
and that is coercion. He emphasizes that in order to eliminate the situation of free-riding and with
low possibility to apply selected incentives, coercion becomes the ultimate alternative if we wish to
have the good supplied. Thus the supply of public goods and services is possible only because
people are coerced to pay taxes or other public levies. Similarly, it is often the coercion to become
member of labour union and to financially contribute to its activities that brought the political
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successes of unions. Coercion may thus be the key to successful collective action although one can
easily imagine that often it may not suffice. In the case of this study individuals will join WRUAs if
the benefits of cooperation outweigh the benefits of exclusion.

3. Materials and methods

The study was undertaken in the Upper Ewaso Ng’iro North Catchment Area (ENNCA), which is the
catchment area for the Ewaso N’giro River basin. The Ewaso N’giro River basin is the largest basin in
Kenya (ENNDA, 2019). The upper catchment area is highly utilized for agricultural production due to
favourable weather conditions, fertile soils and irrigation water availability through river abstractions.
The main economic activity in Upper Ewaso Ng'iro North Catchment, is small-scale farming (rain-fed
and irrigation), small-scale fishery and pastoralism. The area ranges from high potential high altitude
to low potential arid and semi-arid zones. Due to the arid nature of most parts of the basin, the
atmospheric demand for water is very high (Ericksen et al., 2012; Mutiga et al., 2010).

Data were collected in the period between September 2019 and December 2019 by trained
enumerators who could speak the main local languages; Swahili, Kikuyu, and Kimeru. A multistage
sampling technique was used to select the respondents. In the first stage, eight sub-catchments
were sampled randomly out of the 21 sub-catchments of the Upper ENNCA; as a result the
following sub-catchments were sampled; Ewaso Narok, Pesi, Rongai, Naromoru, Likii, Timau,
Sirimon and Ngare Ndare. In the second stage, stratified sampling was done disproportionately
to population size of these eight sub-catchments, where the sub-catchments formed the strata.
From these eight strata, a list of WRUA members was obtained from WRUAs, from, which we
randomly sampled an equal number of 42 member households and a similar number of 42 non-
member households from each strata sampled using the nearest neighbor approach to obtain the
counterfactual group. The proposed sample size was therefore, 672 households, however, 20
households were dropped due to large sections of missing data and inconsistencies detected
during data cleaning, making the effective sample size for the study 652 households.

We utilized primary data collected from households using a semi-structured questionnaire
administered to the small-scale farmers by trained enumerators, using the World Bank’s
Computer Aided Personal Interview (CAPI) Program, through face to face interviews. The ques-
tionnaire included information on household socioeconomic characteristics, farm characteristics,
dwelling characteristics, water-related characteristics, cropping systems, livestock systems,
income and consumption data. Data for the study were analyzed using STATA version 15.0
statistical software.

Finally, during data collection we observed all necessary ethical considerations, whereby, all
respondents were informed about the study objectives and procedures. At the same time respon-
dents were assured of their anonymity and confidentiality. Respondents were also informed that
participation in the study was voluntary. The respondents who agreed to the terms and conditions
signed a consent form. Skipping questions and withdrawing from the study were allowed at any
time during the interview. We also obtained a research license from the research-governing body,
i.e., National Commission for Science Technology and Innovation (NACOSTI) to permit this research
project. The variables of the study are captured in Table Al in the appendix where we define the
variables of the study and their units of measurements.

4. Analytical framework

Two approaches are used widely to assess impacts of interventions on welfare, i.e. experimental
and quasi-experimental methods (Thomas & Chindarkar, 2019). Experimental methods are far
superior to quasi-experimental methods due to the following three reasons; first randomized trials
are considered robust in the assessment of policy interventions; secondly, randomized trials
estimate the impact of an intervention through direct comparison with a randomly allocated
control group that receives either no intervention or an alternative intervention. Finally, the
randomization process ensures that, all else being equal, both known and unknown biases are
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distributed evenly between trial groups (Grimshaw et al., 2000; Thomas & Chindarkar, 2019).
However, where randomization is not possible due time and budget constraints like in the case
of this study, application of quasi-experimental approaches is recommended.

According to Dehejia and Wahba (2002), when dealing with experimental data in which the
counterfactual situation is known, the problem of causal inference is not an issue, as compared to,
when dealing with a cross-sectional survey data like in the case of this study, where the counter-
factual situation is not known, the aspect of causal inference becomes a major concern. Despite
the problem of causal inference, Dehejia and Wahba (2002) posit that this problem can be solved
by investigating the impact of participation by analyzing the differences in outcomes among
participating households and non-participating households using econometric models.

Some of the quasi-experimental econometric models used in impact evaluation include the
propensity score matching (PSM) and the endogenous switching regression models (ESR). The
propensity score matching model was proposed by Rosenbaum and Rubin (1983). The PSM
model estimates the treatment effects using several assumptions including; the Conditional
Independence Assumption (CIA); the ignorability assumption; and the common-support/overlap
assumption. While PSM has been widely applied to examine welfare impacts, particularly where
self-selection is an issue, the weakness of PSM stems from trying to balance the observed
distribution of covariates across the groups of participants and non-participants. Hence, the probit
or logit estimates obtained in the estimation cannot be considered as determinants of adoption
(Bidzakin et al., 2019). Further, PSM can produce biased results due to misspecification (Robins et
al., 2007; Wooldridge, 2007). Finally, according to Wossen et al. (2017), matching techniques,
regardless of adjustments for miss-specification bias can overcome only the selection bias caused
by observables. When the cause of endogeneity bias is unobservable heterogeneity, for example,
farmer’s inherent skill, results based on matching techniques would be biased.

The Endogenous Switching Regression model was developed by Lee (1982) as a general model
of the Heckman’s selection correction model. To account for heterogeneity bias, the ESR model
accounts for both observed and unobserved sources of bias (Lokshin & Sajaia, 2004). The ESR
approach addresses this endogeneity problem by estimating the selection and outcome equation
simultaneously using the full information maximum likelihood (FIML). We therefore applied the
endogenous switching regression model following Di Falco et al. (2011).

For the model to be identified it is important to use exclusion restrictions as selection instru-
ments, not only those automatically generated by the nonlinearity of the selection model of WRUA
membership but also other variables that directly affect the selection variable but not the outcome
variable (Di Falco et al., 2011). In our case, we used instrumental variables related to the house-
hold main water sources (piped water-tap in the compound, borehole water and river water) and
the occurrence of water-related conflicts (water conflicts). We established the admissibility of
these instruments by performing a simple falsification test: if a variable is a valid selection
instrument, it will affect the participation decision but it will not affect the household consumption
per adult equivalent or the household income per adult equivalent among farm households that
did not participate. Table A2 of the appendix shows that the main water sources (MWS) and water
conflicts can be considered as valid selection instruments, since they are jointly statistically
significant drivers of the decision to participate or not in WRUAs as shown in Model 1
(x* = 344.23, p = 0.000); but not statistically significant for the consumption per adult equivalent
and income per adult equivalent for the households that did not participate in WRUAs as shown in
Model 2 (F-stat. = 3.54, p = 0.0000) and Model 3 (F-stat. = 2.35, p = 0.0001).

4.1. Specification of the endogenous switching regression

WRUA membership and participation are modelled as per the random utility theory, whereby
farmers will choose between WRUA membership and non-membership based on the expected
utility of participation. As such farmers will choose to be WRUA members depending on the
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expected benefits of participation. The perceived benefits of membership can be represented by a
latent variableD;, which can be expressed as a function of the observed characteristics and
attributes, denoted as Z, in a latent variable model as follows;

DjZZJ}/+€J;DJ:1iij>O; DJZOIijSO (1)

D, is a dummy variable that equals 1 for members and zero otherwise; y is the parameter to be
estimated. A farmer will only participate in WRUA only if the perceived benefits are positive. The
error term & captures the unobserved effects. Variable Z captures the factors that influence WRUA
membership, including household and farm characteristics.

To account for selection biases we adopt an endogenous switching regression model where
farmers face two regimes (1) to become WRUA members and regime O not to become WRUA
members defined as follows:

Regime 0 (Non-member): Y,y = X;8y + U if D; =0 (2)
Regime 1 (member): Yyms = Xify +Um if D; =1 (3)

Where Y,y and Y,y are the outcome variable (consumption per adult equivalent/income per adult
equivalent) for WRUA members and non-members respectively and X; is a vector of household and
farm level characteristics. The vectors 8 in equations 2 and 3 are the parameters to be estimated.

For easy identification of the covariates of equations 2 and 3 it is suggested that at least one
variable in Z does not appear in X. Self-selection occurs in the WRUA participation decisions and
may lead to non-zero covariance between the error terms of the WRUA participation decision and
the outcome equations. The three error terms in Equations 1, 2 and 3, i.e.,U;u,U,n, € respectively
and are therefore assumed to have a trivariate normal distribution with mean vector zero, with the
following covariance matrix:

(4)

[ ol omn ome
Cov(Um,e, and Uy) =Y~ | oun 6% one

2
OMe  ONg o,

Where; M = WRUA membership; N = non-membership
Var(Uw) = o; Var(Uy) = o%; Var(e) = 62

COV(Um, UN) = OMN; COV(Um, 6‘) = OMe; COV(UN, 8) = ONe
For this reason the error terms in equation 4, conditional the sample selection criterion, have non-
zero expected values and ordinary least squares estimates of coefficients gy and gy also will suffer
from sample selection bias. According to Johnson and Kotz (1970) the values of the truncated error
term (Uu|D = 1) and (U;n|D = 0) are then given as;

_o(%

(UnlD = 0) = E(Unle < ~2') = one s =onchn

(5)

And

2
(UuD=1) =E(Unle < —-Z'y) = JMglf—Q)(Z;’)EGMJM . (6)

Where 9 and ) are the probability density functions and cumulative distribution function of the
standard normal distribution respectively. The ratio of 9 and () evaluated at Z'yis referred to as the
inverse mills ratio represented in Equations 5 and 6 as Ay and Avrespectively, these are called
selectivity terms and are incorporated into Equations 5 and 6 to account for selection bias.
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Estimation of this model proceeds in two stages, where the first stage involves a probit model to
determine the determinants of participation and it generates the inverse mills ratio used in the
outcome equation. This two-step technique has a limitation since it generates heteroskedastic
residuals and as such cannot be used to obtain consistent standard errors (Lokshin & Sajaia, 2004).
In order to overcome this limitation, the study used the Full Information Maximum Likelihood
estimation (FIML) method developed by Lokshin and Sajaia (2004). This method estimates both
participation and outcome equations in simultaneous manner overcoming the problem of the two-
step procedure.

The important issues during estimation are the sign and significance levels of the correlation coeffi-
cients (p) from the estimates, i.e., correlations of the error terms of the outcome and treatment equations
(corr (g, u) = p. there is endogenous switching if, either pyms, (jx) Of PnwMBe (%) is significantly different
from zero, which would result in selection bias. If p > 0, (positive) this would mean negative selection bias,
implying that farmers with below average consumption expenditure are more likely to be members. On
the other hand, if p < 0 (negative) it means that there is positive selection bias, suggesting that farmers

with more or above average consumption are more likely to be members.

4.2. Conditional expectations, treatment and heterogeneity effects

The FIML was used to estimate the treatment and heterogeneity effects of treatment to obtain the
parameters of the Endogenous Switching Regression (ESR) model using the movestay STATA
command developed by Lokshin and Sajaia (2004).

Using a counterfactual approach, the ESR model can be used to compare the household consumption
expenditure and household income of members and non-members as shown in equations 5 and 6.

Therefore the observed expected household consumption and counterfactual scenarios will be
represented by equations 7 to 10 for members and non-members respectively as follows;

E(Ym|D = 1) = XBjw + omedm 7)
E(YjnID = 0) = XBjy + onedn (8)
E(YnID = 1) = XBy + onein )
E(Yj|D = 0) = XBjy + omedu (10)

ATT is the difference between the expected value of the outcome variable from equations 7 and 9. It is
the difference between the expected value of the dependent variable for members and if they had
become members. ATU is the difference between equations 8 and 10 estimating the difference between
the expected value of the outcome variable for non-members and if they had opted to become WRUA
members. The conditional expectations, treatment and heterogeneity effects are summarized in Table 1.

Sub-samples Decision stage Treatment
To participate Not to Effects
participate
Households that participated in WRUAs (9) E(YjulD = 1) (11) E(Yn|D = 1) T
Households that did not participate in WRUAs (12) E(Ym|D = 0) (10) E(Yn|D = 0) U
Heterogeneity effects BH, BH, TH
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Where:
D = 1 if farm households were WRUA members; D = 0 if farm households were non-members
Yim Quantity of household consumption/income per adult equivalent for member households

Yiv Quantity of household consumption/income per adult equivalent for non-member
households

TT the effect of treatment on the treated
TU The effect of the treatment on the untreated

BH; the effect of base heterogeneity for farm households who became WRUA members
(participants).

BH, the effect of base heterogeneity for farm households who did not become WRUA members
(non-participants).

TH = (TT-TU), transitional heterogeneity.
5. Results and discussions

5.1. Descriptive statistics

The descriptive statistics are shown in Table 2. Members and non-members are similar with
respect to age of the household head, number of male adults, number of female adults, livestock
ownership, credit access, reliance on firewood as the main source of cooking fuel and primary
occupation. The two groups are however different with regard to all the other variables. The
results show that non-members are highly dependent on rain-fed cropping, with their primary
water sources for household needs being, borehole and river water sources. On the contrary,
members are more reliant on irrigation cropping, with their primary water source being water tap
through piped connection. Finally members seem to have better welfare in terms of household
consumption per adult equivalent and household income per adult equivalent than non-
members.

5.2. Endogenous switching regression parameter estimates of consumption per adult
equivalent, income per adult equivalent and the determinants of WRUA membership

The factors that influence WRUA membership, consumption per adult equivalent and
income per adult equivalent are shown in Tables 3 and 4. The negative and significant
rho coefficients in Table 3 show evidence of selection bias in the consumption per adult
equivalent model. The negative sign is a sign of positive selection bias implying that farmers
with higher consumption expenditure are more likely to self-select into WRUA membership.
However, the rho coefficients of the income per adult equivalent model were negative but
not significant, implying that farmers were not likely to self-select into WRUA membership
on the basis of income. The likelihood ratio test of independent equations is significant for
both models, showing that the selection and outcome equations are dependent on each
other.

5.2.1. Determinants of WRUA membership

The results in Tables 3 and 4 show that the positive and significant determinants of WRUA
membership include experience farming, title, firewood being the predominant cooking fuel,
having electricity connection, improved crops, irrigation cropping, main water source being piped
water through a tap and water conflicts. The negative and significant determinants of WRUA
membership included the main water source being borehole water and river water. From the
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Table 2. Household and farm characteristics

Variables Non-members WRUA Mean t-statistic

(n=321) members difference

(n =331)

Age 51.94 53.67 -1.73 -1.54
Experience farming 15.99 19.35 -3.36" -3.26
Gender 0.64 0.72 -0.08** -2.37
Formal education 0.84 0.91 -0.07** -2.41
Male adults 1.42 1.44 -0.02 -0.30
Female adults 1.41 1.42 -0.01 -0.04
Children 1.51 1.29 0.22** 2.10
Land size 1.69 2.29 -0.60*** -4.13
Livestock ownership 0.87 0.88 -0.01 -0.50
Extension 0.32 0.44 =0.12%** -3.27
Credit access 0.21 0.26 -0.05 -1.45
Group 0.24 0.37 =0.14%* -3.77
Title 0.65 0.76 =0.11** -2.94
Firewood 0.84 0.85 -0.01 -0.06
Electricity 0.34 0.41 -0.07** -1.97
Variety 0.10 0.18 0.08*** -2.68
Smartphone 0.28 0.44 -0.16™** -4.16
Primary occupation 0.88 0.89 -0.01 -0.14
Irrigation cropping 0.13 0.56 —-0.43** -13.05
Rain-fed cropping 0.91 0.85 -0.06** 2.25
Main water source—Tap 0.22 0.83 -0.61*** -19.81
Main water source— 0.21 0.08 0.13*** 4.65
Borehole
Main water source—River 0.47 0.12 0.35*** 10.60
Water conflict 0.21 0.37 -0.16™** -4.56
Consumption per adult 63,941.45 97,695.85 —33,754.39*** -5.96
equivalent
Income per adult equivalent 36,237.21 63,803.65 —27,566.45*** -5.04

*Significant at 10% ** significant at 5% *** significant at 1%

results, farmers with more farming experience are found to be more like to be WRUA members.
This finding was consistent with the findings by Gyau et al. (2016) that farmers with more farming
experience had a higher probability of engaging in collective action. This implies that farmers with
more experience understand the crucial role of water in their farming enterprises and therefore
opt to be WRUA members.

Farmers who held a title deed to their farm were more likely to become WRUA members than
farmers without. This finding implies two things; first is that farmers understand the importance of
land property rights and secondly is that joining a WRUA and getting a water connection is a long-
term household investment. This finding is consistent with the arguments by Meinzen-Dick et al.
(2002) that collective action and property rights have a major influence on the adoption of
agricultural technologies and natural resource management practices for land, water and forest
management. Further, according to Meinzen-Dick et al. (2002), tenure security (defined as the
extent of people’s rights and how confident they are that their rights will be respected over time)
affects people’s long-term investments in technologies for managing their resources. This finding
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Table 3. Endogenous switching regression estimates on household consumption expenditure

per adult equivalent

Variables WRUA Participation Household consumption expenditure per adult
equivalent
WRUA Members Non-
members
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.

Age 0.01 0.03 —-1807.46 2520.26 2219.99** 967.16
Age squared 0.00 0.00 6.78 22.66 —23.84** 8.93
Experience farming 0.01** 0.01 —-286.118 458.55 138.71 222.86
Gender 0.10 0.15 8264.10 11,129.14 224413 4668.17
Formal education 0.28 0.25 2346.88 17,476.34 -1979.83 6951.50
Male adults -0.12 0.07 —6054.62 5785.76 —9419.43** 1949.13
Female adults -0.10 0.10 —14,384.24** 6988.15 —6247.76™* 2659.84
Children 0.06 0.05 —6294.42* 3689.34 —-3380.50* 1838.99
Land size 0.03 0.04 9414.15*  2698.55 928.38 1470.02
Livestock -0.18 0.22 -9517.06 14,559.80 —389.59 7134.03
extension -0.09 0.15 2521.22 10,470.95 4096.71 4860.47
Access to credit -0.23 0.17 19,875.85* | 11,192.81 11,760.17** 5613.54
Group 0.17 0.15 -9211.12 10,205.23 -11,237.30** 5411.77
Title 0.26* 0.16 5615.62 11,603.69 -1653.49 4917.91
Firewood 0.35% 0.19 -31,885.30** | 13,501.89 —21,328.23"*4 6490.55
Electricity 0.28** 0.14 28,710.26"*%  9592.972 7788.05 5034.67
Variety 0.45* 0.21 -15,795.55 12,923.78 -9046.99 7053.87
Smart phone 0.18 0.15 34,825.13**% 10,218.50 15,317.15** 5198.61
Primary occupation -0.12 0.24 -6935.50 15,553.45 2692.32 7278.88
Irrigation cropping 1.12% 0.16 35,981.38"* 11,280.14 2662.60 9615.32
Rain-fed cropping 0.09 0.23 28,728.24** | 13,532.26 -12,292.33 8367.48
MWS-Tap 1.34% 0.17 - - - -
MWS- Borehole —-0.59*** 0.20 - - - -
MWS- River —-0.65*** 0.20 - - - -
Water conflict 0.49*** 0.15 - - - -
_cons -2.03** 0.90 161,410.90** | 72,541.89 54,749.93** | 26,821.7
/Ins1 11.30*** 0.04
/Ins2 10.51%** 0.06
/r1 -0.26* 0.14
Ir2 -0.59* 0.33
sigma_1 81,145.57 3334.41
sigma_2 36,834.09 2128.82
rho_1 -0.25 0.14
rho_2 -0.53 0.24
Log likelihood -7740.23
Wald chi2(21) 98.71***

LR test of independent equations chi2 (1) 6.94***
* Significant at 10% ** significant at 5% *** significant at 1%

implies that households with a land title perceive their tenure to be secure as compared to those
without therefore opt for WRUA membership.
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Table 4. Endogenous switching regression estimates on household income per adult

equivalent
Variables WRUA Participation Household income per adult equivalent
WRUA Members Non-
members

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Age 0.01 0.03 —5768.71** 2227.37 -1048.25 1001.26
Age squared 0.00 0.00 43.07** 20.03 5.68 9.23
Experience farming 0.01** 0.01 -234.41 404.92 -113.45 233.60
Gender 0.13 0.15 8852.388 9829.21 7890.59*% 4850.72
Formal education 0.29 0.25 11,065.26 15,420.17 -2649.41 7234.95
Male adults -0.11 0.07 -6359.87 5108.02 —5233.40"*% 2030.03
Female adults -0.12 0.10 -25,517.16"* 6169.10 —6638.32**% 2746.24
Children 0.07 0.05 -11,079.77*** 3261.38 -3051.06 1951.81
Land size 0.03 0.04 12,300.16** 2378.88 1308.44 1543.66
Livestock -0.22 0.22 5729.30 12,848.13 10,278.72 7505.80
extension -0.05 0.15 15,177.35* 9238.50 1366.36 5115.15
Access to credit -0.21 0.17 12,726.46 9882.71 12,109.67** 5939.27
Group 0.16 0.16 414.71 9006.10 -9773.60* 5618.95
Title 0.33** 0.16 10,109.33 10,244.75 7195.49 5127.06
Firewood 0.37* 0.20 -28,878.10** | 11,923.17 | =23,325.42** 6882.62
Electricity 0.27* 0.15 -670.69 8461.78 4780.32 5223.46
Variety 0.44** 0.21 17,311.44 11,426.57 11,720.37 7417.47
Smart phone 0.21 0.15 33,408.29** 9028.72 22,746.91** 5281.60
Primary occupation -0.02 0.24 —-55,345.78** 13,710.24 | —27,468.28"* 7682.95
Irrigation cropping 1.13% 0.16 12,475.74 10,126.43 8682.31 8096.47
Rain-fed cropping 0.08 0.23 8693.67 11,934.22 1166.98 8912.75
MWS-Tap 1.36% 0.17 - - - -
MWS- Borehole -0.47** 0.21 - - - -
MWS- River —-0.78*** 0.19 - - - -
Water conflict 0.44%* 0.16 - - - -
_cons -2.07** 0.90 287,823.50**" 64,378.91 | 109,524.50*** 28,111.50
/Ins1 11.18*** 0.04
/Ins2 10.54%** 0.04
/rl -0.24 0.16
Ir2 -0.09 0.15
sigma_1 71,523.16 2930.95
sigma_2 37,812.71 1572.40
rho_1 -0.23 0.15
rho_2 -0.09 0.15
Log likelihood —-7733.32
Wald chi2(21) 165.54%**

LR test of independent equations chi2 (1) 1.93*

* Significant at 10% ** significant at 5% *** significant at 1%

Households connected to the national electricity grid are more likely to be WRUA mem-
bers. While there is no theoretical underpinning as to why, this can be explained by the fact
that most rural collective action initiatives are geared towards provision of social amenities
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mostly water and electric power. Previous studies have demonstrated the role of rural
collective action in rural electricity connection (Gollwitzer & Cloke, 2018; Oda & Tsujita,
2010; Sanchez & Tozicka, 2013; Scott & Seth, 2013). While, we did not try to assess collective
action for rural electricity connection, the finding points to that direction (albeit with cau-
tion), that WRUA members maybe organized collectively to get connected to the national
grid.

Households that grew improved crop varieties were more likely to be WRUA members. This
implies that households understand the risks associated with crop failure and the potential loss of
farm investments and therefore opt to join WRUAs to gain access to irrigation water, to overcome
the underlying risk of crop failure due to drought. Previous studies have demonstrated the
significant potential of smallholder irrigation in reducing agricultural production risks in developing
countries (Nikolaou et al., 2020; Salazar & Rand, 2016) including Kenya (Nakawuka et al., 2018;
Scheltema, 2002).

Household main water sources were found to be a key driver of WRUA membership. Whereby,
households whose main water source was piped water through a tap in the compound were more
likely to be WRUA members. This finding was expected since part of the WRUA’s job is to allocate,
distribute and maintain the water distribution network as defined in previous studies (Richards &
Syallow, 2018; WRMA and WSTF, 2009). On the contrary, households whose main water source were
borehole water and river water were less likely to be WRUA members. This finding was expected
since, households with alternative water sources would not have the need to become WRUA
members. This finding is consistent with WRMA and WSTF (2009) that WRUA membership is volun-
tary. This voluntary membership implies that intuitively households join membership out of their free-
will without coercion.

Finally, households which experienced water-related conflicts were more likely to be WRUA
members. This finding is consistent with previous studies, where the main reasons for the forma-
tion of WRUAs were the reduction of water use conflicts (WRMA and WSTF, 2009). This finding
shows that water-related conflicts are still persistent in the catchment area. It is important to note
that resource-based conflicts represent the indirect demand of a commodity (David & Gagné,
2006). Therefore, households perceive that participating in WRUAs helps in minimizing water-
related conflicts. This finding is consistent with the findings by Baldwin et al. (2018), that regula-
tions and formal conflict resolution mechanisms provide incentives for water users to cooperate,
while shared membership in WRUAs facilitates informal opportunities for users to share informa-
tion and build trust over time in the Upper Ewaso Ng'iro North Catchment Area. Further,
Wangombe (2013), in his findings showed that the strategies and approaches used by WRUAs in
conflict management are helpful in reducing water resource conflicts in the Upper Ewaso Ng'iro
North Catchment Area. Other studies have demonstrated the important role of collective action in
conflict resolution (Adano et al., 2012; Linke et al., 2018; Ratner et al., 2017).

5.2.2. Determinants of household consumption per adult equivalent

The positive and significant determinants of household consumption per adult equivalent for
members and non-members are shown in Table 3. The results show that the age of the household
head has a positive and significant influence on household consumption per adult equivalent while
the age squared has a negative and significant influence on non-members. The positive sign of the
age of the household head and the negative sign of its squared term suggests that the age of the
household head has a diminishing impact on household consumption per adult equivalent for non-
members. The results reveal that older farmers were likely to have lower consumption as com-
pared to young farmers. This is because older farmers are risk averse and prefer conventional ways
of farming using less risky technologies, with the outcome being less productivity and less house-
hold consumption.
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The results show that land size has a positive influence on consumption implying that house-
holds with more land have a higher level of consumption. This may be due to the fact that most
income-generating activities in the study area are land-based, i.e., farming making land a high
return resource. This finding was consistent with the findings by Noack and Larsen (2019), who
found that while output per unit decreases with increase in land size, agricultural incomes
increase with farm size. Further, farmers benefit from larger farms, earning higher and more
stable incomes. These stable incomes can be used to increase household consumption and
welfare.

Credit access has a welfare-improving influence since it has a positive influence on household
consumption expenditure for both members and non-members. This finding reinforces the impor-
tance of rural credit access and welfare improvement. This finding was consistent with the findings
by Teka and Lee (2020) who found that access to credit had a positive influence on household
consumption per adult equivalent. Electricity connection had a positive and significant influence on
household consumption per adult equivalent for WRUA members. Previous studies have documen-
ted the negative households impacts of energy poverty on household welfare (Njiru & Letema,
2018; Rao & Shonali, 2017). According to Sanchez and Tozicka (2013) access to energy has direct
impact on health, education, life expectancy, child mortality and contributes to income generation
and employment.

Owning a smartphone also has a positive influence on household consumption per adult
equivalent for both members and non-members, smartphones offer a wide range of applications
that offer essential information through apps (e.g., farming apps, weather information apps, e.g.,,
accuweather, etc.), radio, text (SMS, WhatsApp), call, mobile money (sending money and borrowing
loans), and internet (email, social media, etc.). Households with smartphones therefore have
access to a variety of information that can be utilized to improve farm productivity and therefore
have a consumption-increasing effect. This finding concurs with findings by Teka and Lee (2020),
who found that households with a mobile phone subscription had more household consumption
per adult equivalent than households without. Baumdiller (2012) argued that information regarding
the existence of (new) agricultural technologies is of course a prerequisite for technology adoption.
Such information can be obtained from various external sources, such as extension agents, fellow
farmers or different media such as mobile phones, TV or radio.

From the findings, households with more males, females and children had less consumption per
adult equivalent, for both members and non-members, although the number of males for mem-
bers was not significant, but the sign was negative. This generally means that large households are
likely to have reduced consumption. What this simply implies is that as household size increases,
the welfare of a family decreases. On the other hand, this finding shows that use of the household
size as a proxy for household labour may be misleading since as revealed by the results, large
households have a lower welfare implying that some of the members do not engage in welfare-
improving activities, for example, men could be engaged in drinking and idling instead of farming
or off-farm work. These findings are consistent with the findings of previous studies that have
shown the negative influence of the household size on per capita household consumption
(Gounder, 2012; Mukherjee & Benson, 2003; Nicklaus, 2015; Teka & Lee, 2020).

Finally, firewood negatively influenced household consumption per capita for both members
and non-members, this is because it is mostly the poor that rely on firewood and other unim-
proved energy sources such as cow dung for cooking fuel. This finding was consistent with
Morrissey (2017) who found that energy poverty is a stark problem in sub-Saharan Africa,
whereby, 633 million people are estimated to lack access to electricity, and 792 million people
are forced to cook with traditional biomass on unimproved cook stoves. Further, energy-poor
households suffer from a wide range of impacts, from increased risk of premature death due to
indoor pollution to forgone productivity gains and lower quality of life. On top of these impacts,
energy-poor households must spend a greater proportion of their income to meet their basic
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energy needs. They also spend more time engaging in energy-intensive tasks than do wealthier
households who have access to modern energy sources (Morrissey, 2017). Finally, group mem-
bership was found to have a negative influence on the household expenditure per adult equiva-
lent for non-members. This finding was not expected, however, it could be due to group
inefficiencies or maybe the groups that the non-members participate in do not carry out
welfare-enhancing activities such as training, collective marketing or value addition, which
could improve member welfare.

5.2.3. Determinants of household income per adult equivalent

The determinants of household income per adult equivalent are shown in Table 4. The positive and
significant drivers of household income per adult equivalent for members included; age squared,
land size, access to extension, and smartphone. The negative and significant drivers of household
income per adult equivalent for members included; the age of the household head, number of
female adults and children, firewood being the main source of cooking fuel and the primary
occupation of the head being farming. On the other hand the positive and significant determinants
of household income per adult equivalent for non-members included; gender of the household
head, access to credit, and smartphone. The negative and significant determinants of household
income per adult equivalent for non-members included; number of male adults and female adults,
group membership, firewood as the main source of cooking fuel and the primary occupation. These
findings show that some of the variables have a similar influence to those of household consump-
tion per adult equivalent and in order to avoid repetition we will discuss those unique to household
income per adult equivalent.

The results show that the age of the household head has a negative and significant influence on
household income per adult equivalent while the age squared has a positive and significant
influence on member households. The negative sign of the age of the household head and the
positive sign of its squared term suggest that the age of the household head has an increasing
impact on household income per adult equivalent for members. This could be attributed to the fact
that old age comes with more experience and therefore older farmers are able to generate more
incomes than young less experienced farmers. The results show that households headed by a male
household head were likely to have more income per adult equivalent for both members and non-
members. However, this finding was significant for non-member households only. FHHs are likely
to be poor as compared to MHHs (Cho & Kim, 2017). Further, previous studies have documented
women’s lesser access to critical resources (land, cash and labor), often undermining their ability

Table 5. Average treatment effects on the treated (ATT) and the average treatment effects on
the untreated (ATU)

Welfare Adoption Predictions Treatment t-value
outcomes status effect
WRUA Non-
Members members

(1) consumption | ATT (Members) (a) 97,991.69 (c) 63,720.95 34,270.74 *** 11.04
expenditure per | sy (yon- (d) 89,258.18 | (b) 53,637.76 | 35,620.42 *** 11.93
adult equivalent members)

Heterogeneity 8733.51 10,083.19 -1349.68 -

effect
(2) Household ATT (Members) (a) 64,783.79 (c) 36,089 28,694.79** 8.43
Incorne per ATU (Non- (d) 57,387.83 | (b) 42,772.42 | 1461541 447
adult equivalent members)

Heterogeneity 7395.96 -6683.42 14,079.38 -

effect

* Significant at 10% ** significant at 5% *** significant at 1%
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to attain considerable food expenditure for household farming needs (Aura, 2016; Henao &
Baanante, 2006). Households whose main occupation was farming were likely to have less income
per adult equivalent. This finding is consistent with economic theory and previous studies (see, Cho
& Kim, 2017).

5.3. Average treatment effects on the treated (ATT) and the average treatment effects on
the untreated (ATU)

The results of the FIML Endogenous switching regression estimates of the average treatment
effects on the treated (ATT), the average treatment effects on the untreated (ATU), the hetero-
geneity effects and the transitional heterogeneity are shown in Table 5. The causal effects of
household expenditure per adult equivalent for WRUA members are about KES 34,270 and about
KES 35,620 for non-members if they opted to become members. With regard to income per adult
equivalent, the causal effects of income per adult equivalent for WRUA members are about KES
28,700 and about KES 14,600 for non-members if they opted to become members.

The results show the expected consumption and income under actual and counterfactual
conditions. Cells (a) and (b) represent the expected consumption and incomes observed in the
sample. The expected household consumption per adult equivalent and household income per
adult equivalent by households that were WRUA members were about KES 97,990 and KES 64,780,
respectively, while it was about KES 53,600 and KES 42,700 respectively for households that did not
adopt WRUA membership. This simple comparison can be misleading since it may lead one to
conclude that households that adopted WRUA membership had KES 44,390 (51%) more consump-
tion per adult equivalent and KES 22,080 (52%) more household income per adult equivalent than
non-member households.

The treatment effect column (second last column) presents the treatment effects of WRUA
membership on consumption per adult equivalent and income per adult equivalent. In the coun-
terfactual case, (c), shows that households that are WRUA members would have consumed about
KES 64,000 which is about 35% less if they were not WRUA members. On the other hand for the
case of income, WRUA members would have about KES 36,000, which is about 44% less if they
were not WRUA members. Further in the counterfactual case of consumption per adult equivalent
(d) shows that if households who were non-members became members, they would have con-
sumed about KES 90,000 that is about 66% more consumption if they became members. Finally, in
the counterfactual case of household income per adult equivalent (d) shows that if households
who were non-members became members, they would have about KES 57,390 that is about 34%
more income per adult equivalent if they became members. The results imply that WRUA member-
ship significantly increases household consumption per adult equivalent and household income
per adult equivalent.

From these findings, we therefore reject the first null hypothesis that there is no relation-
ship between WRUA participation and household consumption expenditure per adult equiva-
lent. We therefore accept the alternative hypothesis that there is a positive relationship
between WRUA participation and household consumption expenditure per adult equivalent.
We also reject the second null hypothesis that there is no relationship between WRUA
participation and household income per adult equivalent. We therefore accept the alternative
hypothesis that there is a positive relationship between WRUA participation and household
income per adult equivalent. These findings are similar to the findings of Speranza et al.
(2016) who found that community water projects in the Ewaso Ng’iro North Catchment area
largely met the goals of water provision, in addition to improving local livelihoods through
improved crop and livestock production not to mention improved health and sanitation. The
findings are also similar to the findings by McCarthy and Essam (2009), who found that WRUA
membership has a significant influence on household welfare through increased household
income.
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6. Conclusions

The results show that the significant drivers of WRUA membership include experience farming,
title, firewood as the main source of cooking fuel, electricity connection, growing improved crop
varieties, irrigation cropping, MWS-tap, MWS-borehole, MWS-river and water-related conflicts. On
the other hand the significant drivers of household consumption per adult equivalent for members
include: number of female adults and children, land size, credit access main source of cooking
energy being firewood, electricity, smart phone, irrigation cropping and rain-fed cropping. The
significant drivers of household consumption per adult equivalent for non-members include; age
of the household head, age squared male adults, female adults, children, access to credit, group,
firewood as the main source of cooking energy, and owning a smartphone. Finally, the significant
drivers of household income per adult equivalent for members included: age of the household
head, age squared, female adults, children, land size, access to extension, firewood, smartphone,
and primary occupation. Finally, the significant drivers of household income per adult equivalent
for non-members included: male adults, female adults, credit access, smartphone, and primary
occupation.

The study has demonstrated that there is a positive relationship between WRUA membership
and household welfare as indicated by the positive impact of WRUA membership and household
consumption per adult equivalent and household income per adult equivalent. The results have
also revealed that non-members would have significant welfare improvements in their household
consumption and household incomes if they undertook WRUA membership. The results have
shown that the causal effects of household expenditure per adult equivalent for WRUA members
are about KES 34,270 and about KES 35,620 for non-members if they opted to become members.
With regard to household income per adult equivalent, the causal effects of household income per
adult equivalent for WRUA members are about KES 28,700 and about KES 14,600 for non-members
if they opted to become members. The results further showed that WRUA members would have
had about 35% less consumption expenditure per adult equivalent, and about 44% less household
income per adult equivalent if they were not WRUA members. On the other hand if non-members
joined membership, they would have achieved an increase of about 66% more consumption per
adult equivalent and an increase of about 34% more household income per adult equivalent if they
opted to become members.

6.1. Policy recommendations

The results have shown that communities can collectively allocate and manage water resources
sufficiently and generate welfare improving outcomes. Therefore, the following policy recommen-
dations are prescribed for policy makers. While the results have demonstrated that land size is
associated with higher consumption expenditure per adult equivalent, households with less land
should be taught on intensive farming techniques to leverage on their small landholding. Access to
credit needs to be boosted and therefore county governments should negotiate with financing
institutions on agreeable financing terms and provide a guarantee scheme so as to increase
access to credit. Counties can also take the initiative to popularize and provide incentives for the
growth of the village table banking into a powerful source of the much needed credit. Extension
service provision still remains a tool for improved productivity and increased rural incomes.
Irrigation cropping has great potential to improve rural welfare, therefore more investments
should be targeted to encourage households undertake irrigation cropping. The household size
still remains a major impediment to household rural welfare, family planning initiatives should be
up-scaled. Mobile phones network coverage, affordability of services, and farmer-friendly content
should be rolled out, since the results have demonstrated that mobile phones can have welfare
improving outcomes. Finally the key policy driver to the uptake of water-related collective action is
provision of land title so that farmers get secure property rights and be confident to make long-
term welfare improving land-based investments.
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6.2. Recommendations for future study

¥ cogent--food & agriculture

Whereas, the current study has focused on the impact of WRUAs on household welfare using
consumption and household income per adult equivalent, we recommend that future studies
touch on food security and poverty since these are pressing matters in Kenya’s economy. The
study focused on one side of the demand side, which is the smallholder farmers, future studies
could focus on the other players in both demand side and supply side to fill this gap in knowledge.
Finally to be able to measure water use efficiency, we recommend future studies to evaluate the
impacts of WRUAs through efficiency and productivity measures like allocative and technical

efficiency.
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Appendix

Table Al. Definition of variables used in the models

Variable name Description Unit

Age Age of household head Numbers

Age squared Squared term of the age of household head Numbers

Experience farming Number of years household head has been in farming | Numbers

Gender Gender of HHH where Male = 1, Female =0 Dummy

Formal education Household has attended formal education (Formal Dummy
education = 1, No formal education = 0)

Male adults Number of male household members above 15 years | Numbers

Female adults Number of female household members above 15 years | Numbers

Children Number of household members below 15 years Numbers

Land size Land size in Acres Numbers

Livestock ownership If household owns livestock (Yes = 1, O otherwise) Dummy

Extension If household had access to extension (Yes =1, 0 Dummy
otherwise)

Credit access If household had access to credit (Yes = 1, 0 otherwise) | Dummy

Group If household head had membership to a farmers’ Dummy
group (Yes = 1, 0 otherwise)

Title If household had a land title (Yes = 1, O otherwise) Dummy

Firewood If household uses firewood as the predominant Dummy
cooking fuel (Yes = 1, 0 otherwise)

Electricity If household is connected to electricity grid (Yes =1, 0 | Dummy
otherwise)

Variety If household planted improved crop varieties (Yes =1,0 | Dummy
otherwise)

Smartphone If household owns a smartphone (Yes = 1, 0 otherwise) | Dummy

Primary occupation If primary occupation of household head is farming Dummy
(Yes = 1, O otherwise)

Irrigation cropping If household undertakes irrigation cropping (Yes =1, 0 | Dummy
otherwise)

Rain-fed cropping If household undertakes rain-fed cropping (Yes =1, 0 | Dummy
otherwise)

Main water source -Tap If household main water source is tap piped into the | Dummy
compound (Yes = 1, 0 otherwise)

Main water source -Borehole If household main water source borehole (Yes =1,0 | Dummy
otherwise)

Main water source -river If household main water source river (Yes =1, 0 Dummy
otherwise)

Water conflict If household experienced water conflicts in the past Dummy

one year (Yes = 1, 0 otherwise)

Consumption per adult equivalent Total household consumption normalized in per adult | Numbers
equivalent terms

Household income per adult equivalent | Total household income normalized in per adult Numbers
equivalent terms
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Table A2. Falsification test on the validity of the selection instruments

Model 1 Model 2 Model 3
WRUA participation Household Household income
consumption per per adult
adult equivalent for | equivalent for farm
farm households | households that did
that did not not participate in
participate in WRUA
WRUA
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
MWS—Piped water (tap 1.130*** 0.200 7294.259 6868.289| 11,263.25| 7931.594
connection)
MWS—Borehole water —0.482** 0.235 -10,616.43| 7367.021 8287.300 8505.617
MWS—River water ~0.747* | 0225 4560.028 6866.131  7780.031 7925.141
Water conflict 0.702*** 0.174 318.185 6362.044, -3160.587 7338.883
Constant -0.274 1.067 90,115.970%32,482.95 | 116,995.300"37,510.990
Wald test y2 344,23 - ' -
Pseudo R? 0.463 - -
F-stat. 3.54%%* 2.35%**
R? 0.35 0.26

Note: Model 1 is a Probit model; model 2 and 3 are ordinary least squares regressions. * Significant at 10% **
significant at 5% *** significant at 1%.
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