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Abstract

Water availability, water equity, farmers’ participation, compliance with rules and conflicts,
and water theft management are the main drivers of water user associations’ (WUAs) per-
formance. The main objective of the study was to find out the relationship between water
availability, water equity, economic benefits, and WUAs’ performance. This study was
conducted in 2 distributaries at the Lower Chenab Canal west area water board in the dis-
trict of Faisalabad, Pakistan. A multistage random sampling technique was used to collect
the data from 240 farmers using a well-structured questionnaire. A PLS-SEM model was
used to analyze the structural paths between water availability, water equity, economic ben-
efits, and WUAS’ performance. The measurement model by using Cronbach’s alpha, rho-A,
composite reliability (CR) and average variance extracted (AVE) has confirmed the inter-
nal reliability and validity of the questionnaire. Results indicate that timely water avail-
ability, less water shortage, and timely repair and maintenance were the core influencing
indicators with high factor loadings (>0.70) to the water availability construct that signifi-
cantly positively influencing the economic benefits(p=0.74, p=000) and performance of
WUAs (B=0.34, p=000). Equitable distribution of water across the farm size, location,
ethnic groups, and greater fair and justice were the substantial influencing indicators with
high loadings (>0.80) to the water equity construct that has positive and direct signifi-
cant influence on the performance of WUAs (f=0.48, p=000). It has been evaluated that
water availability and economic benefits had a positive and indirect impact on the WUAs
performance (f=0.09, p=000). Besides the insights of all the drivers of performance of
WUAES, the study recommended that WUAs management system still in infancy even after
the decades of its establishment and establishing the parallel institutes are neither sufficient
nor mandatory. Furthermore, there is a need to reconsider the inner structure of WUAs
management and establishment of cohesion among all the stakeholders in decision making.
There is also a need to provide trainings to farmers and WUAs officials for effective man-
agement of WUAs system.
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1 Introduction

In South Asia, institutional weaknesses have greatly reduced efficiency in irrigation
(Naseer et al. 2020), and policies have emerged in the sector that involve simply decentral-
izing decision-making power to farmers. These policies have produced mixed results, espe-
cially in eastern India and Pakistan (Hone et al. 2020; Senanayake et al. 2016). In coopera-
tion with the World Bank and the Asian Development Bank, Pakistan has invested heavily
in institutional irrigation management to transfer responsibilities and irrigation manage-
ment (Baig et al. 2009; Razzaq et al. 2019).

In Pakistan, rural poverty is widespread, while the potential of the river Indus is still not
harnessed to its potential due to improper policy and management choices. In the world’s
most densely populated basin, the Indus Basin Irrigation System (IBIS), a considerable
portion of the population is poor and heavily dependent on agriculture and water manage-
ment (Zulfiqar et al. 2017). Due to the impact of population increase and climate variabil-
ity, the shortage of water resources has intensified, so a strong irrigation system supported
by strong management institutions is essential (Gandhi and Johnson 2020).

In the period of the green revolution in the last century, from 1960 to 1970 and onward,
the poor performance of irrigation systems has been considered a high-priority agenda
item at the national and international levels (Ghumman et al. 2014). Despite substantial
investment in repairing the infrastructure of irrigation systems, the performance of inef-
ficient irrigation systems has declined (Mekonnen and Hoekstra 2016). Due to the poor
performance of the heavily subsidized irrigation system, national and international agen-
cies have changed their strategies, arguing that institutional issues limit Pakistan’s overall
irrigation management (Akhtar and Cepiku 2013).

Participatory Irrigation Management (PIM) is recognized as an effective tool for irri-
gation water management in the developing world (Singh et al. 2014). However, PIM in
Pakistan is facing various challenges in achieving its goals and objectives, including sup-
port, the will of the government, and policymakers. This reform also faces resistance from
the provincial irrigation departments in the public sector, which are still too reformed. The
country’s reform process is struggling because of a lack of political will and the full sup-
port of the stakeholders. Despite some positive results, due to economic incentives, PIM
has also led to conflicts of interest between the relevant stakeholders [i.e., farmer organi-
zations (FOs) and public irrigation departments] (Nagrah et al. 2016). Weak institutions
allow the use of scarce resources in relatively prolific areas/pursuits, thereby exacerbat-
ing biophysical challenges (Ahmad et al. 2020). This reduces agricultural production and
plunges the rural population into poverty. In contrast, effective water management institu-
tions can provide buffers for bio-physical challenges by encouraging the use of water in
the most productive ways and by sending signals of adaptation when scarcity is threatened
(Crase and Gandhi 2009).

Water availability is the key driver of agricultural land development (Vafaei et al. 2021),
poverty alleviation, food production sufficiency (Shahbaz et al. 2022) and adaptive capa-
bility to climate variability in low to medium income countries (Uysal and Atig 2010).
The effective use and management of irrigation water are playing a key role in minimizing
the effects of water scarcity (Riaz and Ashfaq 2019) as a consequence of climate change
and global warming and also making farms’ production systems efficient (Giivercin and
Boz 2003). The low efficiency in farms’ production is on account of water scarcity as a
consequence of ineffective irrigation management (Calzadilla et al. 2011). Water equity is
the key component of sustainable economic development (Aruna et al. 2012) in areas of
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high dependence on irrigation water for agricultural productivity and livelihoods (Srivas-
tav et al. 2021). It ensures the equitable distribution of water resources across the different
farms’ sizes, locations, and ethnic groups. Greater fairness and justice and effective gov-
ernance in irrigation upgrades ensure water equity to farmers (Ahmad et al. 2020). Water
equity and availability lead to greater crop diversification (Shahbaz et al. 2017; Razzaq
et al. 2019), high yields and income, and also minimize the water scarcity risk as a result of
climate change (Anser et al. 2020).

The efficiency of the irrigation system depends on the legal farmers’ participation,
socio-economic indicators, and timely repair and management of irrigation structures (Yer-
can et al. 2009). Farmers’ participation, compliance with rules (Wang et al. 2010), conflicts
management, share of water charges, and repair and maintenance (Muchara et al. 2014)
indicators enhance the water user associations’ (WUAs’) performance. Water availability
and water equity (Manero and Wheeler 2022) have a positive association with the WUAS’
performance in collectively managed irrigation systems. Crop diversification, higher yields,
and income are the main economic benefits as a result of effective irrigation management
(Riaz and Ashfaq 2019). Economic benefits and effective management of irrigation sys-
tems by WUAs have a positive association. Water resource distribution by WUAs boosts
the efficiency and performance of collectively managed irrigation systems (Kazbekov et al.
2009). Farms’ profitability, higher productivity, and efficiency have a decisive role in the
performance of WUAs (Abdelhafidh et al. 2017).

However, an extensive body of literature showed that no theoretical framework still has
been developed to assess the performance of WUAs and their relations with other influ-
encing constructs. To fill the gap, this study proposes a detailed theoretical framework to
analyze the influencing factors of water availability, water equity, economic benefits, and
the performance of WUAs; and also assess the dynamics of the relationship between them.

2 Materials and Methods
2.1 Study Area, Sampling and Sample Size Determination

Pakistan’s economy is an agricultural one, providing livelihood to 60-70% of the coun-
try’s population. Punjab is the most populous province in Pakistan, contributing 20% to
the economy’s Gross Domestic Product (GDP) (Shahbaz et al. 2017). It has fertile land
with favorable climatic conditions and the world’s largest irrigation system (Riaz and Ash-
faq 2019). Faisalabad is the 3rd most populous city in Punjab after Karachi and Lahore,
the main hub of the textile industry in Pakistan (Farooq and Shakoor 2013). It contrib-
utes 5% to the economy’s GDP, having a 21% share of agriculture (Haq et al. 2020). The
Lower Chenab Canal (LCC) east and west are the two main sources of irrigation in Faisal-
abad and surroundings, irrigate 1.195 million acres of land in Faisalabad (Riaz and Ashfaq
2019). The LCC (East) and West were constructed in 1892, branching from river Chenab at
Khanki head works and Qadrabad heads works, respectively (Baig et al. 2009). The Khanki
and Qadrabad head works have 8 and 9 million cusec of drainage water, respectively. The
LCC (east) circle is being selected because it was the one of the canal where first time
irrigation reforms were implemented. This study was conducted in two distributaries of the
LCC west circle Area Water Board (AWB), having 67 Farmer Organizations (FOs), 175
water course level Khal Panchayats (KPs), and 2617 outlets. The sample size is determined
by using Cochran’s formula, given as;
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where

ny=sample size

Z =confidence level

p =proportion of population

q=1-p

e=precision level (margin of error).

The sample size of 240 farmers was obtained at a 95% level of confidence, a 50% popu-
lation proportion (total variability), and a 6% precision level or margin of error. A multi-
stage random sampling technique was used to collect the data from 240 farmers using a
structured questionnaire.

2.2 Analytical Procedure

Recently, Structural Equation Modelling (SEM) has emerged as a new application (Sarkar
et al. 2021) and has increased its applications substantially due to its better ability to assess
the constructs’ reliability and validity and test the structural relationship (Wang et al.
2022). There are two main techniques of SEM, i.e., Co-variance based (CB) and variance
based Partial Least Square (PLS) based SEM (Shahzadi et al. 2021). CB-SEM is used for
confirmation of the developed theories (Mikalef et al. 2021). However, PLS-SEM is a pre-
diction-oriented technique used in explanatory research (casual relationships) and also in
confirmatory research (Bhatti et al. 2020). The CB-SEM model (common factor model)
is used to estimate the model parameters which minimize the difference between the esti-
mated and observed sample co-variance matrix (Taheri et al. 2019). Whereas, the PLS-
SEM model (a composite model) is used to maximize the response variable variance. The
CB-SEM model is a parametric method which provides the estimates with a significance
level. However, PLS-SEM is a non-parametric approach which provides only estimates, not
significance level but a complete boost trapping at 5000 subsamples is being used for meas-
uring the standard errors that provide the significance testing (Vafaei et al. 2021). SEM can
be employed on minimum 100 or 10 multiple of indicators of sample size (Rehman Khan
and Yu 2021). While, for this study, data were collected from 240 farmers operated under
the WUAs on Likert scale 1-5. This study used the PLS-SEM model to measure the paths
between water availability, water equity, economic benefits, and WUA performance and
also evaluated the relationships between the latent variables and indicators. This study used
the reflective form of PLS-SEM as shown in Fig. 1.

2.2.1 Reliability and Validity

Reliability and validity are the two key concepts to measure the quality of a research
through consistency and accuracy of measure (Hair et al. 2017). Nosair et al. (2022) used
the artificial intelligence methods including logistic regression and Gaussian process
regression (GPR), to ensure the reliability and robustness of the regression model. The reli-
ability and validity of the used scale in the study were assessed through confirmatory factor
analysis by using the PLS-SEM modelling method. The assessment of the reliability of the
scale was reported by the Cronbach’s alpha, composite reliability, rho-A, and factors load-
ings. While, convergent validity for this scale was assessed through the average variance

@ Springer



The Dynamics of the Relationship Between Water Availability,...

‘Measurement Model

Greater Water Availability

l
[
f
f
= ” 1
Timely Water Availability 1
I
less Wastage 6F Watar —— e e = e ===
Better seasonal availability
Timely repair & maintenance
Lower cost of water
Choice of timings

Crop-wise pricing

Water
Availability

Diversification

S

Higher Yield

Farmers’ Compliance

WUASs to WUAs Rules

Performance

Equitable distribution
across farm sizes

Food Security

Water charges, repair
and maintenance

Equitable distribution

across Ethnic groups Low risk

Equitable distribution
across farm location

Greater faimess and
iustice

More equity in governance

Empowerment of
small/marginal farmers

Water Equity

Fig. 1 A Conceptual Framework of dynamics of relationship between water availability, water equity, and
economic benefits and WUAs performance

extracted (AVE) values. In this study, discriminant validity was determined through the
Fornell and Larcker criterion.

2.2.2 Measurement Model

The SEM technique consists of two statistical approaches, i.e., explanatory factor analysis
and structural path analysis, used to assess the inner (structural) model and outer mod-
els (measurement model) (Vafaei et al. 2021). A structural model represents the struc-
tural paths between constructs, whereas a measurement model represents the relationship
between latent variables and linked indicators (Hourneaux et al. 2018). The measure-
ment model of this study consists of water availability, water equity, economic benefits,
and WUASs’ performance constructs and their indicators. Water availability encompasses
the supply, demand, and access of irrigation water to farmers at farm level (Bekchanov
et al. 2010). The water availability construct consists of greater water availability; timely
water availability; less wastage of water; better availability across the seasons; increased
irrigated area; timely repair and maintenance; low cost of water; choice of timings and
crop-wise pricing indicators (Ahmad et al. 2021; Murtinho et al. 2013; Zhang et al.
2013). Water equity means equitable distribution of irrigation water to the farmers with-
out discriminating against caste, location, and position in the village setup (Aruna et al.
2012). The main indicators of water equity are equitable distribution of irrigation water
across farm sizes, ethnic groups, farm location, greater fairness and justice, more equity
in governance, and empowerment of small farmers (Balasubramanya et al. 2016; Srini-
vasan and Kulkarni 2014). Crop diversification, higher yield, higher income, food secu-
rity, and low risk indicators define the economic benefits construct. These main indicators
are mainly influencing the economic benefits. WUAs performance constructs consist of
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farmers’ participation, compliance with rules, effective conflicts and water theft manage-
ment, water charges, repair and maintenance share of farmers as shown in Fig. 1.

2.2.3 Structural Model

A structural model, also known as an inner model, is used to measure the structural paths
between the constructs (Wang et al. 2022). There are 2 indirect paths and 5 direct paths to
measure the relationships between the constructs as shown in Fig. 1.

The Main Drivers of WUAs Performance Good governance and compliance with the rules
by all stakeholders are the key drivers of effective management of any institution or sys-
tem. Compliance with the rules in reformed water institutions system not only decrease
the transaction cost but also improves the efficiency (Gandhi and Johnson 2019). WUAs
are the institutions, composed of farmers and their leaders and the technical staff provided
by the public irrigation departments. So, the farmers’ participation is also a key influenc-
ing factor in managing and upgrading the irrigation system (Mochalova 2014). The main
goals of the reformed irrigation system are to increase the water availability and equita-
ble distribute the water to all farmers. However, the share in water charges and managing
and upgrading of irrigation system hinders the up-gradation and improvement of irrigation
structures operations (Ahmad et al. 2020). The water theft and conflict management among
the farmers at the head reach farmers lower the water supply at the tail reach farmers (Riaz
and Ashfaq 2019). The performance of any organization depends on the level of fulfillment
of its objectives. Therefore, the key drivers of WUAs performance has been developed by
considering the all primary objectives of its establishment.

Dynamics of Relationship Between Water Availability, Equity, Economic Benefits and
Wuas Performance While the water availability construct (latent variable) depends on the
multi-observed factors i.e. timely, greater water availability, less shortage of water, timely
repair and maintenance, increased irrigated area, low and crop wise pricing that makes
the farms more productive and economical viable (Mekonnen et al. 2015; Gandhi and
Johnson 2019). However, the equitable distribution of water resources among the farmers
without discriminating them on the basis of farm size, location, ethnicity and also greater
fairness and justice, and give representation to all type of farmers defines the water equity
constructs. The higher and equitable water availability to all farmers leads to greater crop
diversification, higher yield and income, food security and make the farms less prone to
any risk and uncertainty. The higher economic benefits develop the interest of farmers to
be compliance with rules, participate in activities and make contribution to the share in
water charges and repair and maintenance of irrigation structures that leads to effective
and better performance of WUAs. The observable variables for this study were selected
considering the earlier studies conducted is this subject (Gandhi and Johnson 2019; Ahmad
et al. 2020; Crase 2020) as well as concerning agricultural institutions and WUAs officials
in the research area. Main data were collected in five points Likert scale. Therefore, based
on the literature and theory of institutional performance, the hypotheses and relationships
related to constructs are defined below:

H1: Water availability significantly influences the economic benefits.

H2: Water equity and economic benefits are significantly associated.
H3: Economic benefits and WUA performance are significantly interconnected.

@ Springer



The Dynamics of the Relationship Between Water Availability,...

H4: Water availability is significantly influencing the WUAs’ performance.

HS: Water equity is significantly influencing the WUAS’ performance.

H6: Water availability influences the economic benefits that have an association with
WUA performance.

H7: Water equity influences the economic benefits that have an association with WUA
performance.

3 Results
3.1 Socio-Economic and Farms’ Characteristics of Participants

This section describes the socio-economic and farm characteristics of respondents in the
study area. Socio-economic characteristics help to understand the social standing and class
of farmers in society. Rapid changes in the socio-economic characteristics (Education,
age, family size and income level) substantially reshaping the irrigation management in
south Asian region. Results of socio-economic and farms’ characteristics are presented in
Table 1. The mean age of the farmers was about 46 years old, with mean middle formal
schooling. More than half of family members were up to sixty years old and one-fourth
were less than eighteen years old. The family members were about equally distributed
in terms of male and female. Farming is the main source of income in rural economies
like Pakistan’s. There were one-third of the farmers had off-farm income source and less
than one-third of the family members involved in agriculture. The majority of the farmers

Table 1 Socio-economics and farms’ characteristics of participants

Socio-economics and farms’ characteristics Mean Std. Dev.
Age (Years) 46.60 13.12
Education (Years) 7.53 4.34
Family members 7.04 3.10
By age <18 Years 2.17 1.81
18-60 Years 4.28 2.24
>60 Years 0.58 .828
By gender Male 3.83 1.89
Female 3.21 1.84
By occupation Agriculture 1.47 0.88
Non-agriculture 0.48 0.91
Off-farm income (1 =Yes) 0.32 0.46
Owned area (Ha) 3.20 3.10
Leased-in (Ha) 0.36 1.01
Leased out (Ha) 0.02 0.23
Operational land-holding (Ha) 3.58 3.23
Irrigated area through canal (Ha) 2.88 2.96
Irrigated area through tube-well (Ha) 0.70 4.41
Irrigation charges (PKR/Year) 1195.71 1233.71
Distance from canal to farm (Km) 1.27 0.86
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belonged to small farmers, had less than four hectares of operational land holdings. The
third-fourth of the operational land holding is being irrigated through the canal and one-
fourth through private tube-wells. The majority of the farmers had their operational hold-
ings in tail-reaches, with a mean 1.27 km distance between canal and farm.

3.2 Farmers’ Perception and Knowledge about WUAs Functions and Decisions

Table 2 represents the assessment of farmers’ perception and knowledge about the func-
tions and decisions of WUAs regarding planning, water schedule, fee collection, repair,
maintenance, and conflict management in the study area. Planning is considered the initial
and most important step of any decision and restricts the overlapping of responsibilities.
Effective planning leads to effective management and improves the co-ordination in any
system. More than half of the farmers had the perception that planning for capital invest-
ment in irrigation structures was done by the government (irrigation department) and less
than half by the WUAs. The implementation of any decision or plan on the ground needs
the provision of resources for investment. Provision of funds agency in collectively irriga-
tion management differs in situation of repair, maintenance and development of new struc-
tures. More than a third-fourth of the farmers agreed that the provision of the funds for
investment should be provided by the irrigation department, and more than 16% agreed
with WUASs. The two-third farmers were agreed that decision of planning and actual
release of water is being done by the irrigation department. However, more than two-thirds
of the farmers agreed that the decision on the distribution of water among the farmers was
the responsibility of WUAs. All of the farmers agreed that the collection of water charges
was the responsibility of the WUAs. More than half of the farmers agreed that the decision
of maintenance, provision of resources, and implementation of repair and maintenance
should be managed by the WUAs in the study area. The two-thirds of the farmers agreed
that the monitoring of the use of the water and stopping misuse of water had been managed

Table 2 Farmers’ perception and knowledge about WUAs functions and decisions (%)

Decision/ Activity Govt. WUAs Indiv. Farmers
Planning for capital investment in irrigation structures 54.1 459 -
Provision of resources for investment 82.4 16.7 0.90
Assessment of water availability 29.9 66.7 3.5
Planning/ scheduling the release of water 71.1 28.9 -
Actual release of water 79.6 204 -
Distribution of water among farmers 8.8 91.2 -
Fixing price of water paid to government 25.2 74.8 -
Collection of fees from farmers - 100 -
Decision on maintenance/ repair requirement 31.1 58.5 10.4
Provide resources for maintenance/ repair 29.6 64.2 6.3
Implementation of maintenance/ repair 37.7 58.2 4.1
Repair and maintenance after a flood event 34 19.5 46.5
Monitoring use of water 8.2 78.6 13.2
Stopping misuse/ waste 14.5 75.8 9.7
Action on misusers 714 12.3 10.4
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by the WUAs. However, the majority of the farmers agreed that the action against the mis-
users of water was the responsibility of the government (irrigation department).

3.3 Comparison of Water Availability on Different Farms Location Before and After
WUA

Results of comparative analysis of water availability across farms’ locations over the years
indicated that the water availability among the head, middle, and tail-reach farmers was
significantly different. It shows that the tail-reach farmers had less water availability than
the middle and head-reach farmers, but the water availability has significantly improved
over the years. The water availability before the WUAs management was about 33 turns in
the head-reach, 31 in the middle-reach and about 24 turns annually in the tail-reach farm-
ers, as shown in Table 3.

3.4 Assessment of Measurement Model

PLS-SEM is a multidimensional analysis, less sensitive to sample size and data normaliza-
tion. It has two types of models, i.e., measurement model and structural model. The first
step of the model is to assess the goodness of fit of the measurement model. The model
is said to be goodness to fit, if it has no multicollinearity problem, kurtosis and skewness
values between + 3 and a VIF value of all indicators less than 3. The values of kurtosis and
skewness values were ranged between +3 and VIF values were also less than 3, indicating
that there was no multicollinearity problem. Results indicate that the factor loadings of all
factors were above 0.70, indicating that more than 70% of the variation has been explained
by the indicator variance. The Cronbach’s alpha, rho-A, and composite reliability (CR)
were also above the critical values, which showed that the model was also internally reli-
able (Table 4). The average variance extracted (AVE) values were also above 0.50, which
indicates that constructs were also valid and explained the variance of items as shown in
Table 5. As a result, internal reliability has been developed.

Discriminant validity explains the distinction of constructs from other constructs
in inner and outer models. According to the Fornell and Larcker criterion (1981), the

Table 3 Comparison of water availability on different farms location before and after WUA

Water availability situation (No. of Farm Location Difference
annual irrigation turns)
Head reach Middle reach
Before WUA 32.80 (1.98) 30.80 (4.36) 2.01%%*
After WUA 37.10 (1.96) 35.34 (2.40) 1.76%%*
Head reach Tail reach
Before WUA 32.80 (1.98) 24.14 (10.54) 8.38***
After WUA 37.10 (1.96) 29.88 (6.87) T.21%%*
Middle Reach Tail Reach
Before WUA 30.80 (4.36) 24.14 (10.54) 6.37%%*
After WUA 35.34 (2.40) 29.88 (6.87) 5.45%%*

***shows a statistical significant difference at 1%. The values in parenthesis are standard deviations
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Table 4 Indicators loadings, reliability and convergent validity

Variables A o rho-A CR AVE
Water Availability and Use of Water 0.908 0.910 0.925 0.577
Greater water availability 0.728
Timely water availability 0.798
Less wastage of water 0.773
Better availability across seasons 0.750
Increase in irrigated area 0.730
Better and timely maintenance and repairs 0.780
Lower cost of water 0.756
Choice of timings 0.712
Crop-wise pricing of water 0.805
Water Equity 0.932 0.932 0.946 0.746
More equitable distribution across farm sizes 0.886

More equitable distribution across social/ethnic groups 0.844

More equitable distribution across head and tail reach 0.871
More equity in water governance/ management 0.841
Greater fairness & justice 0.881
Greater involvement & empowerment of small farmers 0.858
Economic Benefits 0.810 0.816 0.868 0.569
Crop diversification/Higher value crops 0.807
Higher yields 0.753
Higher income 0.727
Food security 0.729
Low risk 0.751
WUASs Performance 0.883 0.885 0.920 0.741
Farmers’ participation 0.837
Farmers’ compliance to WUAS rules 0.876
Conflicts and water theft management 0.862
Water charges, repair, and maintenance share 0.869

Table 5 Discriminant Validity based on Fornell and Larcker criterion

Economic WUAs Perfor- Water Equity Water Availability
Benefits mance

Economic Benefits 0.754

WUAs Performance 0.690 0.861

Water Equity 0.623 0.806 0.864

Water Availability 0.797 0.789 0.738 0.760

diagonal values of constructs in a matrix should be greater than 0.60, which indicates
that every construct is distinctive in nature. Table 6 shows that all constructs have load-
ing values of more than 0.6, indicating that all constructs have convergent validity as
shown in Table 6.
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Table 6 Results of direct SEM path relationships

Hypotheses Relationships i} S.E T-value Decision
H1 Economic benefits —» WUASs performance 0.12 0.052 2.30%* Accepted
H2 Water Equity — Economic Benefits 0.08 0.056 1.41 Rejected
H3 Water Equity — WUASs Performance 0.48 0.034 13.77%%* Accepted
H4 Water availability — Economic Benefits 0.74 0.046 16.04%%** Accepted
H5 Water availability — WUAs Performance 0.34 0.054 6.19%%* Accepted

*#significant at 0.05; ***0.01 level

3.5 Assessment of Structural Model

The second phase of the model is to assess the structural model. It is necessary to pro-
vide statistically reliable and valid factor loadings. The booster trapping at 5000 sub-
sample with complete booster trapping condition and two tail test was used. Results
indicate that all factor loadings were statistically valid at less than 1% level of signifi-
cance, as shown in Fig. 1. It showed that water availability, water equity, and economic
benefits were significantly positively associated with the WUAs’ performance. How-
ever, water equity has no significant association with economic benefits, while water
availability has a significant positive association with economic benefits (Table 7 and
Fig. 1). The indirect relationship between water availability, economic benefits, and
WUAs performance was statistically positively associated, as shown in Table 7 and
Fig. 1. It has been observed that with the increasing level of water availability across
the command area increases the economic benefits at farms ( =0.740, p=0.000). This
implies that with higher water availability provides the more opportunities at farms to
produce more diverse crops and increase livelihoods. It also assessed that water avail-
ability is directly positively influenced the WUAs performance (§=0.339, p=0.000). It
shows that the timely, better water availability across the seasons and farms have direct
association with WUAs performance. Results indicate that equitable distribution of
water resources leads to water equity that directly positively influenced the WUAs per-
formance (f=0.481, p=0.000). The water availability and economic benefits constructs
also indirectly positively influenced the WUAs performance (p=0.089, p=0.001). This
implies that the timely, better and higher water availability increases the economic ben-
efits of agricultural farms that leads to effective performance of WUAs as a result of
higher farmers participation, compliance with rules, higher contribution in water fees
and maintenance funds and effective conflicts management (Fig. 2).

Table 7 Results of indirect SEM path relationships

Hypotheses Indirect relationship i} S.E T-value Decision

H6 Water Availability — Eco-  0.089 0.038 2.20%% Accepted
nomic Benefits — WUAs
Performance

H7 Water Equity — Economic ~ 0.009 0.008 1.12 Rejected
Benefits — WUAs Perfor-
mance

**gsignificant at 0.05
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Fig.2 Direct and indirect SEM path analysis for WUAs performance

4 Discussion

The water availability across the farms’ location before and after the establishment of
WUASs has improved; this may be due to the lining of the water courses, timely repair
and maintenance of irrigation structures. In this study, the indicators and the framework
for dynamics of relationships between water availability, water equity, economic ben-
efits, and WUAs performance are developed, where all constructs are found feasible in
the study area. The factor loadings of water availability, i.e., timely water availability,
less wastage of water, and timely repair and maintenance, had a core impact with good
factor loadings (> 0.70) for forecasting the water availability among the surveyed farm-
ers. The main objectives of the WUAs’ establishment were to increase the water avail-
ability, minimize the loss of water, and timely repair and maintain the irrigation struc-
tures. All six indicators of water equity, i.e., equitable water distribution across the farm
sizes, location, ethnic groups, equity in water governance, greater fair and justice, bet-
ter governance, and equity in farmers’ involvement of small farmers, had a substantial
impact on water equity constructs with factor loadings greater than 0.80. All four indi-
cators, namely farmers’ participation, compliance with rules, conflicts and theft man-
agement, water charges, and repair and maintenance share, had substantial impact on the
WUASs performance construct with factor loadings of more than 0.83. The main indica-
tor of economic benefits, i.e., crop diversification, had a greater and substantial impact
on the economic benefits construct with factor loading > 0.80. This study revealed a sig-
nificant positive relationship between water availability and economic benefits; water
availability and WUAs performance; water equity and economic benefits; and economic
benefits and WUAs performance latent variables, which are supported by Abdelhafidh
et al. (2017); Vafaei et al. (2021) and Manero and Wheeler (2022). Although a positive
relationship between water equity and WUAs performance was found, it was statisti-
cally not significant in the study area. Higher and timely water availability and water
equity lead to more crop diversification, higher income, higher income level, and low
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production risk. Higher crop diversification and yields are the main drivers of economic
benefits for farmers that lead to greater farmer’s participation, compliance with rules,
effective conflict and water theft management, and a higher share of water charges and
repair and maintenance. All these indicators are significantly impacting their constructs,
and all constructs are positively associated with each other.

5 Conclusion

In recent times, participatory irrigation management has emerged as an effective tool
for effective irrigation management with greater water availability and equity across the
farms’ sizes, locations, and ethnic groups. Pakistan is the 6th most populous country in
the world, with an increasing population putting pressure on food production. The water
requirement has been increasing day by day, but fortunately Pakistan has the world’s
largest irrigation structure. The water availability at head reaches farms was significantly
higher than the middle and tail reach farms before and after the WUAs reforms imple-
mentations. Moreover, the water availability at the middle and tail reach has been also
increased over the time. Majority of the farmers agreed that the distribution of water
among the farmers and collection of water charges were the responsibility of the WUAs.
While the conflict management and action against the misusers were the responsibility
of irrigation department. It has been evaluated that the higher, timely and better avail-
ability of water across the seasons defined the water availability construct and directly
significantly influenced the economic benefits. The water availability and economic
benefits indirectly positively influenced the performance of WUAs. The higher water
availability leads to more economic benefits at farms with more diversification that ulti-
mately incentivizes the farmers to participate in WUAs activities and compliance with
rules and contributing in water charges and repair and maintenance share. Additionally,
equitable distribution of water across the farms location, ethnic groups, farms sizes and
greater fairness in governance leads to water equity at canal level that has significantly
direct positive impact on the performance of WUAs. This study concluded that there is
a positive association between water availability, water equity, economic benefits, and
WUA performance. Effective water management and WUAs performance, water avail-
ability and water equity, farmers’ participation, compliance with rules, effective conflict
and theft management, and farmers’ share in repair and maintenance should be effec-
tively managed through encouraging the farmers and providing training to the WUAs
officials.
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