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Abstract: In many developing countries, including Pakistan, the enormous water losses due to
outdated irrigation infrastructure threaten livelihoods and food security, while investment in the
development of efficiency improvements can help the countries to cope with water scarcity and
improve farmers’ wellbeing. This study evaluates how rural farmers’ decisions regarding improving
irrigation watercourses and other irrigation conditions affect their wellbeing. We employ hypothesis
testing and an ordered logit model on field survey data of 300 farming households from rural
Pakistan. The mean test results suggest that farmers on lined watercourses are happier than those
on unlined and partially lined watercourses. The regression results suggest that farmers on a fully
lined watercourse have higher wellbeing than those on a partially lined watercourse. The time taken
by canal water and groundwater to reach farmers’ land reduces their wellbeing. Irrigation quotas,
the return of stolen water and the distance of groundwater sources from land have positive effects
on farmers’ wellbeing. The study establishes a strong correlation between irrigation conditions,
improved irrigation network and farmers’ wellbeing.

Keywords: wellbeing; tertiary canal command system; irrigation conditions; rural farmers; Pakistan

1. Introduction

Human wellbeing refers to the ability of individuals to live the kinds of lives that
they value and enjoy the opportunities to achieve that potential [1]. Improving human
wellbeing is the central objective of development. A significant body of literature has
studied the correlations between respondents’ stated subjective wellbeing (SWB) and other
attributes, such as the amount of air pollution in a respondent’s vicinity [2,3]. Access to
drinking water has also been associated with an improved SWB [4–8]. However, a research
gap still exists regarding the links between irrigation conditions, farmers’ decision-making
regarding irrigation infrastructure improvement and their SWB, which they derive from
irrigation water availability.

Due to a limited supply, water resources are facing increasing pressure from competing
agents. Accounting for over 70% of the world’s freshwater use, the agricultural sector
is the biggest consumer of water [9]. However, only 40% of the delivered water is used
productively by the crops. Among the main reasons for the low water use efficiency is the
use of an inefficient, outdated and poorly maintained canal command irrigation system
with less than 60% conveyance and an overall below 50% water application efficiency at
some basin levels [10–12]. Water application efficiency is considered as the ratio of beneficial
crop evapotranspiration to total water delivered to the field. Conveyance efficiency is
calculated as the ratio of irrigation water withdrawal from a river or other water supply
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node to water actually delivered to the farm gate. Overall irrigation efficiency is thus
the product of water application and conveyance efficiency [13]. Therefore, this sector
seems to be a critical place for investment that could significantly improve irrigation
water use efficiency. In order to mitigate the effects of water shortages, many countries
are investing in better irrigation infrastructure to increase both water flow as well as to
reduce conveyance losses from existing traditional agricultural irrigation systems since the
improvements in irrigation efficiency alone may fulfill about 50% of the increased water
demand by 2025 [13,14].

Water is increasingly becoming a priority policy issue for sustainable resource man-
agement goals. In line with the current accelerated pace of technological development and
the relatively slow pace of social development, the most significant constraint on water
management is human behavior. Humans are responsible for altering the quantity and
quality of freshwater resources. The best solution for the thorny issue of water management
is the development of a particular adaptation and the improvement of adaptive capacity
by modernizing water policy and providing adequate training to farmers [15].

Climate change will aggravate Pakistan’s water stress situation because it has a signifi-
cant agricultural sector, with a share of around 19% of GDP and accounting for ~42% of the
labor force ([16], p. 17). The concerned public and private stakeholders should focus more
on raising awareness among farmers to get their watercourses lined as soon as possible to
ensure an equal distribution of water between up and down-stream farmers. Unfortunately,
the irrigation department lacks the necessary incentive to coordinate with farmers and
often ignores small farmers, which has widened the inequality among farmers [17,18].

As people in rural areas of most developing nations, including Pakistan, depend
on agriculture for their livelihoods, any improvement in water availability, delivery and
conservation would have multiple implications for water sustainability and the wellbeing
of the people [13,19]. Pakistan’s existing water irrigation system, the Indus Basin Irrigation
System, supplies water to irrigated agriculture through a vast network of rivers, canals,
distributaries, minors and watercourses. The irrigation system’s hierarchy in terms of
size (in descending order) is rivers, the main canal, the branch canal, the distributary, the
minor and the watercourse. To ensure more efficient use of canal water, the improvement
of the existing infrastructure at the farm level was given priority in Pakistan through the
Government’s Revised Action Program (RAP) for irrigated agriculture introduced in 1979.
The key focus was to save surface water by reducing water conveyance losses at the field
level by improving water management practices such as watercourse improvement [20,21].

Many studies have focused on benefiting from the potential benefits of water resource
management and irrigation efficiency improvement [13,19,22–25]. The need for long-
term solutions to water management issues through more investments in the irrigation
system to enhance the adaptation at regional and household levels is well known [26].
According to Sullivan et al. [27], a significant proportion of water used by humans goes to
the agricultural sector, thus having profound implications, directly or indirectly, for rural
households’ wellbeing depending on farm activities [28].

However, most of these studies were conducted at the basin level under various
scenarios, thus leaving a research gap regarding how this works at a small scale. The
difference in reaping benefits from lined, unlined and partially lined watercourses lends
ample support to the concept of evaluating the impacts of the erratic behaviors of farmers
on their utility derived from water use. The seasonal variation in water supply and demand
reinforced by climate change extends our research problem further and provides a sound
base for comparing water users’ wellbeing derived from different watercourse types and
other irrigation conditions. Wellbeing, happiness, life satisfaction and derived utility are
interchangeably used in the article.

A study by Nadeem et al. [8] applied the ordinary least square (OLS) and ordered
probit techniques to data from 300 farming households to assess the impact of overall water
access (drinking and irrigation) and socio-economic conditions on self-reported subjective
wellbeing. The findings show that the quality of drinking water, access to irrigation
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water and the percentage of the crop water requirement fulfilled by canal water have
positive effects on wellbeing, while drinking water from groundwater has an adverse effect.
The study still leaves a research gap regarding the detailed analysis of irrigation-related
conditions that may affect farmers’ wellbeing.

The research gaps can be generalized in the following ways. The improvement of
irrigation infrastructure is a collective decision-making process, and it may create three
types of irrigation watercourses at the tertiary canal command irrigation system (i.e., fully
lined, fully unlined and partially lined). The resulting heterogeneous nature of irrigation
infrastructure may affect irrigation access and wellbeing differently for farmers located
at different watercourse types. Moreover, an upstream/downstream land location may
affect irrigation water access on different types of watercourses, and other irrigation-related
factors such as water theft, the distance between the source of water and the place of use
may affect farmer’s wellbeing differently. Keeping this research gap in mind, the current
study performs a detailed analysis of how irrigation conditions affect farmers’ wellbeing.

The overall aim of this study is to understand how the investment of financial capital
in the watercourse lining affects farmers’ wellbeing across different irrigation channels and
other irrigation-related factors. For that, we use mean and ordered logit model tests based
on survey data. This study’s novelty is that we establish a link between irrigation conditions
in general, farmers’ investment choices in irrigation infrastructure and their wellbeing.

2. Literature Review and a Short Description of the Watercourse System

According to Black and Hall [29], the water-poor category comprises all farmers
whose livelihood is threatened by water shortage, who are constrained by lack of access
to water and who are unable to improve their agricultural productivity. Thus, reducing
water-related poverty and agricultural water management by modifying infrastructure can
improve access to water resources.

In the existing literature, the lack of access to drinking water is accepted as an indica-
tor of poverty affecting human wellbeing, but this association is more complicated than
only access to drinking water [30]. Agricultural water management is vital for livelihood
generation in this sector through its ability to improve wellbeing and reduce water poverty
by ensuring its availability and usage [31]. The adoption of innovative agriculture technolo-
gies requires investments in water management [32]. A tradeoff for myopic farmers who
might forego spending money on improving their watercourses to direct their monetary
resources into other areas may provide higher utility in the short run at the expense of
better irrigation systems for agriculture and possibly lowering agricultural yields [33].

Sustainable water management (SWM) is crucial to mitigating the negative impacts
of climate change on agriculture. SWM focuses on a balanced interaction between water
availability and its usage through investments into the capacity extension of water access.
It can ensure the existing water system’s efficient and equitable operation [34].

Several studies have investigated the relationship between human wellbeing and
water services. For example, Gimelli et al. [7] analyzed the relationship between water
services and multiple dimensions of human wellbeing using Max-Neef’s Fundamental
Human Needs (FHN) [35] framework in the water sector in selected informal settlements
in India. The authors argued that water services should be linked to people’s aspirations
and basic physical needs. They also maintained that cultivating wellbeing has intrinsic
and instrumental benefits that enable individuals to become more resilient and that water
services should be better linked with other development sectors. Moreover, non-traditional
water service arrangements should be re-evaluated according to their capacity to contribute
to people’s wellbeing.

In terms of water infrastructure, James et al. [36] found that a proper water supply
infrastructure has multidimensional impacts on human life. It saves time, improves income
generation activities and women’s empowerment, especially in rural areas. According to
Bookwalter and Dalenberg [4], water infrastructure in South Africa significantly affects
subjective wellbeing. Due to the poor existing infrastructure, poor access to the networks



Water 2021, 13, 505 4 of 17

causes inadequate water supply access. An expansion in water and sanitation infrastructure
by the government will improve the community’s subjective wellbeing at large.

Del Saz-Salazar et al. [37] used the life satisfaction approach to estimate the monetary
value of water supply infrastructure improvements in Spain. Their results show that
efficient investment in public water supply infrastructure generates a meaningful monetary
value of non-market benefits, significantly affecting life satisfaction. Water valuation can be
used for the efficient and sustainable utilization of irrigation water to enhance agricultural
productivity. Chipfupa and Wale [38] used the willingness to pay (WTP) methodology and
suggested that water pricing reflects irrigation intensity and significantly contributes to
enhancing agricultural productivity. The focus of irrigation infrastructure should be on
integrating multiple water prices to enhance WTP for sustainable water use in the irrigation
system. Another study by Nadeem et al. [8] found that access to irrigation water, crop-
water requirements being fulfilled and water expenses on the purchase of groundwater, in
addition to the canal water available to farmers, significantly affect farmers’ wellbeing in
rural areas of Pakistan.

The water distribution system adopted in Pakistan divides the available canal water
among the farmers based on their landholding without considering conveyance losses
along the watercourse. This system results in an inequitable distribution and inefficiency in
the water supply to the upstream and downstream farmers, thus adversely affecting agri-
cultural production, farm income and farmers’ wellbeing in one of several ways [32,39–41].
The irrigation system in the Punjab province has three types of watercourses in terms of its
structure, i.e., lined, unlined and partially lined. A lined watercourse has bricked walls and
a bed, in contrast to an unlined watercourse (with walls and beds made of mud), while
the partially-lined watercourse is only partially lined with bricks (see Appendix A for a
more detailed description of the irrigation system). A lower water conveyance efficiency is
attributed to poorly managed century-old watercourses [42,43].

Water users who operate lands at the head, middle and tail of lined and unlined
watercourses face inequality in water supply, affecting the cropping pattern, production
and farm income [44]. The watercourse lining improves the conveyance efficiency and
flow rate by reducing the seepage and leakage losses and improves its management due
to the reduced time needed to maintain it. A lined watercourse has a higher water flow,
where only 12 to 14 min are required to bring water to the tail users in a one-kilometer
long watercourse, in contrast to an unlined watercourse, where this might need up to three
hours [18].

Water losses due to unlined watercourses have been widely studied to establish the
conveyance losses in unlined watercourses, which range between 35% to 57% and increase
with the increase in watercourse length, mainly due to seepage, leakage and seasonal
variation [45–48]. Physical obstructions such as a leaky water entrance cut (an authorized
cut by the irrigation department on the watercourse to allow water to enter a farmer’s
field) at farms and silt deposition due to lack of regular and proper cleaning of unlined
watercourses deteriorate the physical condition of watercourses. They have resulted in
the submergence of canal water outlets with a reduced designed discharge from these
outlets. Water distribution efficiency varies between 93–46% for the first and last farmers
on an unlined watercourse, as opposed to 100–61% along the partially lined watercourse.
This establishes a linearly decreasing distribution efficiency pattern from upstream to
downstream farmers [49]. The upstream farmers have almost double the water efficiency
than downstream farmers along these watercourses (farmers with land close to the head or
towards the tail of a watercourse, respectively). The conservative estimate is that about
30% of water losses can be saved by adaptation measures such as regular cleaning and
vegetation removal, repair and maintenance and earthen improvements in this type of
infrastructure, although the benefits are of limited duration [45,46,49–53].

The lined watercourse is a rectangular-shaped water channel with double bricked
masonry walls and beds plastered inside and on top of the walls. The watercourse lining
prevents conveyance losses from seepage, leakage and can even eliminate the entire water-
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course losses. The cleaning and maintenance of these watercourses are more manageable
and less time consuming [52,53]. A partially lined watercourse has some portion that is
lined, and the rest is unlined. The water delivery efficiency at the tail is one-third of the
efficiency at the head along a partially lined watercourse, which is higher than the efficiency
in an unlined watercourse [49].

We can conclude from the above-cited literature that, although some adaptation
measures can maximize the utility from water for a shorter period, the lining is the best
strategy to achieve more extended benefits. Although Nadeem et al. [8] evaluated the
effects of irrigation water access on wellbeing, a research gap still exists regarding how
broader irrigation conditions and water access through three types of irrigation watercourse
differently affect wellbeing.

3. Material and Methods
3.1. Econometric Procedure
3.1.1. Hypothesis Construction and Testing

We hypothesize that “on average, the farmers with lined and partially lined water-
course are happier than those with an unlined watercourse.” The hypotheses are described
as follows:

Null Hypothesis 1:
H0 : µ1 > µ2 (1)

Null Hypothesis 2:
H0 : µ1 > µ3 (2)

Null Hypothesis 3:
H0 : µ3 > µ2 (3)

where µ1, µ2, and µ3 are the means of farmers’ self-reported wellbeing with lined, unlined
and partially lined watercourses, respectively.

We tested the hypothesis using the test of means approach to compare the mean value
of wellbeing among three heterogenous farmer groups. The standardized sample average,
also known as the t-statistics or t-ratio, is central to statistical hypothesis testing [54]. The
t-test is a typical test used to compare the means of two groups. This technique was
developed by William Sealy Gosset in 1908 [55] and is known as the Student’s t-test. We
apply an independent t-test (correlation coefficient should be zero) since our groups are
independent of each other to compare the mean value of wellbeing. Applying more tests is
necessary if there is no difference in the two sample means to verify whether the difference
is equal to zero [56]. This test has the statistical power to be applied even if sample and
population distributions do not follow a normal distribution [57].

3.1.2. Multiple Regression Analysis

We further expand our hypothesis as “the difference in canal water time (the fetching
time) in unlined, lined and partially lined watercourse results in wellbeing heterogeneity
among the rural farmers” since the strain on water-associated wellbeing highly depends
on the watercourse length, water delivery and conveyance efficiency along the water-
course, the farmer’s land location and the distance between the water resource and the
farm [28,49]. We used multiple regression analysis to test this hypothesis and the effects of
other irrigation-related factors.

We developed the following regression model to estimate the association between our
dependent variable (wellbeing) and explanatory and control variables:
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Happiness Leveli = β0 + β1Dlinedi + β2Dnonlinedi + β3Canal Water Fetching Timei+
β4Canal Water Fetching Timei × Dlinedi + β5 Canal Water Fetching Timei × Dnonlinedi+

β6 Farmer cos t share + β7Water − saving technologies + β8 DUpstreami + β9 DUpstreami × DLinedi+
β10 DUpstreami × DNonlinedi + β11 Cultivated Landi + β12 Quota o f canal water+

β13 Stolen water is given back to owner + β14 Distance o f ground water source f rom land+
β15 Time taken by ground water to reach land + β16 Total price o f canal water+

β17 Crop yield reduction due to water related issues + β18 Water used f or animals + β19 Agei+
β20 Educationi + β21 Employmenti + β22Relative Incomei + β23 Family Diseasei + β24 Societal Trusti+

β25 Migrationi + β26 Water Mangement Experiencei + εi

(4)

where i = 1, 2, 3 . . . n, N = 300.
The coefficients of each variable are represented by β, and the error term is captured

by ε. The above model is estimated for three groups of farmers using two dummies;
i.e., Dlinedi is the dummy variable for farmers with a fully lined watercourse and the
dummy variable Dnonlinedi represents farmers with a fully unlined watercourse. The
base group is farmers with a partially lined watercourse. Canal Water Fetching Timei is
the time (in minutes) taken by irrigation water to reach farmers’ fields from the canal;
Canal Water Fetching Timei × Dlinedi is the interaction term between the time taken
by irrigation water to reach farmers’ fields from the canal and the dummy variable
for farmers with fully lined watercourse; Canal Water Fetching Timei × Dnonlinedi is
the interaction term between the time taken by irrigation water to reach farmers’ fields
from the canal and the dummy variable for farmers with a fully unlined watercourse.
Farmer cost share is a farmer’s share in the total cost of the watercourse lining; Water −
saving technologies refer to the knowledge and adoption of water-saving technologies
by farmers; DUpstreami is the dummy showing if a farmer’s field is located upstream
(within 1000 m of the canal); DUpstreami × DLinedi is the interaction term between the
dummy showing if the farmer’s field is located upstream and the dummy variable for
farmers with a fully lined watercourse; DUpstreami × DNonlinedi is the interaction term
between the dummy showing if a farmer’s field is located upstream and the dummy
variable for farmers with a fully unlined watercourse; Cultivated Landi is the total culti-
vated land by the farmer; Quota o f canal water is the total time allocated to each farmer
for canal water (minutes per week); Stolen water is given back to owner indicates how
often a water user’s associate decides that the canal water stolen by other farmers is
returned to the rightful owner; Distance o f ground water source f rom land shows the
distance between a farmer’s land and the place where the tube well is installed for ex-
tracting groundwater (km); Time taken by ground water to reach land is the number of
minutes taken by groundwater to reach a farmer’s land from the source of extraction;
Total price o f canal water shows the total price of canal water that a farmer pays in
a year; Crop yield reduction due to water related issues indicates the perception of the
farmer about the relevance of crop yields losses due to water-related issues in their area;
Water used f or animals is the total amount of water that is consumed (drinking only) by
household livestock (in liters); Agei is the age of the head of the household; Educationi
is the education level (years of schooling) of the head of the household; Employmenti
refers to whether the farmer has an additional source of income in addition to agriculture;
Relative Incomei is a farmer’s relative income compared to other members of their commu-
nity; Family Diseasei is a variable describing if the family has a patient with chronic disease
(including chronic cough, eye disease, kidney stone, diabetes, tuberculosis, hepatitis, heart
problem, cancer and physical abnormality). These family diseases were assigned appropri-
ate weights based on the years lost due to disability (YLD) measure of the World Health
Organization [58]. Societal Trusti refers to a farmer’s level of trust in community members;
Migrationi indicates if a farmer wants to move to another locality for safety reasons; and
Water Mangement Experiencei is experience in agriculture (years).
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The model was estimated using two methods: OLS and the ordered logit (ologit). Our
main variables of interest were irrigation-related factors and their interaction terms.

3.2. Survey Design for Data Collection and Variables Description

This study used data collected in 2016 via a field survey from 10 selected villages of
Faisalabad, Pakistan (Figure A1 in Appendix A shows the area’s map). The dataset was
also used by Nadeem et al. [8]. The data were collected via a structured questionnaire,
initially developed in English, then translated into the local language of Urdu to overcome
any information bias from the farmers. The primary source of livelihood for this area
is agriculture, which heavily depends on irrigation water from the canal. We selected
villages located at different locations from canal water resources: the Nasrana Distributary,
originating from the Jhang Branch Canal of the Faisalabad irrigation zone. For data
collection, 300 households were randomly selected from these villages based on a water
user list provided by the Irrigation Department, Government of Punjab, Pakistan.

Respondents were asked to rank their wellbeing level on a scale of one to seven,
with 1 being very unhappy, 2 mostly unhappy, 3 somewhat unhappy, 4 neither happy nor
unhappy, 5 somewhat happy, 6 mostly happy and 7 very happy. Based on the literature,
we used several irrigation-related variables that could affect farmers’ wellbeing, including
watercourse type as one of the main explanatory variables. Other important socio-economic
and demographic determinants of wellbeing were used as control variables to avoid any
bias in measuring the relationship between the irrigation conditions and farmers’ wellbeing.

4. Results and Discussion
4.1. Descriptive Statistics

Table 1 shows the descriptive statistics of the variables of interest. The mean value
of 5.46 for wellbeing, measured on a scale of 1–7, shows that the farmers were mostly
happy on average. Out of the total 300 farmers, 18% were located on fully lined, 22% on
fully unlined and 59% on partially lined watercourses. The average water fetching time
was between 11 and 30 min (3.7 average value). For the three heterogeneous groups—i.e.,
unlined, lined and partially lined watercourses—these values were 4.09, 3.39, and 3.69,
respectively. The average share of farmers in the watercourse lining was 28,223 Pakistan
Rupees. On average, farmers did not know about but wanted to adopt water-saving
technologies (with an average score of 4). We found that 55% of the farms were located
downstream (>1000 m from the canal outlet). The survey area mostly included small
farmers with an average cultivated land area of ~6.7 acres.

The average farmer had about two hours and 18 minutes of canal water time allotment
per week, i.e., ~21 min per acre. The survey data showed that the water user association
sometimes decided (with an average value of 2.93, which was sometimes close to 3) that
the stolen canal water should be returned to the rightful owner. The average value for
the farmer’s annual price of canal water was 1498 Pakistan Rupees. For the groundwater,
most extraction points were located within 1 km of a farmer’s land, showing that the
farmers usually buy groundwater from other farmers when needed. The average time for
groundwater to reach a farmer’s land was shorter (2.85) than the time taken by canal water
(3.7), suggesting that either the groundwater extraction point was located closer to land
than the canal outlet or the private water channel used for groundwater irrigation was
better than the government watercourse. On average, farmers thought that water-related
issues had some relevance to their crop yield reduction. The livestock raised by these
households consumed about 273 L of water for drinking.

Among other socio-economic variables, the farmers’ (respondents) average age was
~54 years, showing that the sampled farmers were middle-aged or above middle-age. The
farmers’ average years of education were just under five years, indicating that they only
had primary education. With a mean value of 16% for the variable of the employment of
the household head, most (84%) of the respondents depended on agriculture as their source
of income. On average, the respondents’ relative income level was almost the same as other



Water 2021, 13, 505 8 of 17

community members (with an average score of 2.84). Although most of the respondents’
families had no chronic disease, some had multiple diseases in their families, with an
average disease burden of ~26 years lost due to disability (YLD) by cause. On average, the
farmers had moderate trust in their community members (with a mean of 4.45). Farmers,
on average, did not want to move away from their current areas. The mean experience in
agriculture (water management) of farmers was 29 years.

Table 1. Description of the variables and summary statistics.

Variables Variables Description Mean SD Min Max

Wellbeing Happiness level 5.52 1.33 1 7

Fully lined watercourse 1 if farm is located on fully lined
watercourse, 0 otherwise 0.18 0.39 0 1

Fully unlined watercourse 1 if the farm is located on fully
unlined watercourse, 0 otherwise 0.22 0.42 0 1

Partially lined watercourse 1 if the farm is located on a partially
lined watercourse, 0 otherwise 0.59 0.49 0 1

Time taken by irrigation water
to reach a farmer’s field from

the canal outlet

Water fetching time from source to
the farmer’s field (minutes) where

1 = Less than 1 min
2 = 2–10 min

3 = 11–20 min
4 = 21–30 min

5 = above 30 min

3.70 1.54 1 5

Farmer’s share in total cost of
watercourse lining Pakistan Rupees * 28,223 37,088 1714 422,100

Knowledge and adoption of
water-saving technologies

1 = Know and is using technologies,
2 = Know but not using, 3 = Know

and want to adopt, 4 =Do not know
but want to adopt, 5 = Neither know
nor want to adopt, 6 = Know but do

not want to adopt

4.06 1 1 6

Upstream 1 if farm is located within 1000 m of
canal outlet, 0 otherwise 0.45 0.5 0 1

Total cultivated land
by farmer

No. of acres of land cultivated by a
farmer during the last year 12.95 16.45 1 180

Total quota of canal water
per week Minutes 138.7 182.9 0 2350

How often the water user
association decides if stolen

water is given back to
the owner

1 = not at all, 2 = a little,
3 = sometimes, 4 = most of the time,

5 = all the time
2.93 1.41 1 5

Distance of ground water
source from canal

1 = in-house, 2 = 0–1 km, 3 = 1–2 km,
4 = 2–3 km, 5 = more than 3 km 1.93 1.13 1 5

Time taken by ground water
to reach land

1 = no time, 2 = 1–10 minutes,
3 = 11–20 minutes, 4 = 21–30 minutes,

5 = more than 30-Minutes
2.85 1.75 1 5

Total price of canal water
paid per year Pakistan Rupees 1498 2889 100 41,200

Ranking/ level of crop yield
reduction due to water

related issues

1 = most relevant, 2 = relevant,
3 = somewhat Relevant,

4 = irrelevant, 5 = most irrelevant
2.88 1.57 1 5

Household’s water used by
animals for drinking per day Liter 272.6 326.0 0 2000
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Table 1. Cont.

Variables Variables Description Mean SD Min Max

Age of household head No. of years 53.67 12.35 25 87

Education of household head No. of years of education completed 4.82 4.61 0 16

Employment of the
household head

1 if farmer has an additional source of
income in addition to agriculture,

0 otherwise
0.16 0.37 0 1

Relative income (income level
compared to

community members)

1 = very low, 2 = low, 3 = same,
4 = better, 5 = much better 2.84 0.86 1 5

Family chronic disease
Disease burden on family in terms of

years lost due to disability (YLD)
by cause

25.76 100.38 0 1117.8

Societal trust (level of trust in
community members)

1 = not at all, 2 = little, 3 = somewhat,
4 = indifferent, 5 = trusted, 6 = highly

trusted, 7 = fully trusted
4.45 1.85 1 7

Migration to other locality for
safety reasons

1 = strongly want to go to other areas,
2 = happy to go to other areas,

3 = neutral, 4 = happy to remain in
this area, 5 = strongly want to remain

in this area

3.93 1.12 1 5

Water management
experience

No. of years having experience in
agriculture 29.18 16.62 1 75

* The average exchange rate during 2015–2019 was 1 US$ = 116.4 Pakistan Rupee [59].

4.2. Results of the T-Test

Table 2 shows the hypothesis testing results, where the first model compares the mean
value of happiness among farmers with lined vs. unlined watercourses. The second model
compares the mean value of happiness among respondents with lined vs. partially lined
watercourses. In contrast, the third model compares the happiness of farmers with partially
lined vs. unlined watercourse. From the results of the two models, we can conclude that,
on average, the respondents with lined water channels (5.73) were happier than those with
a partially lined (5.40) watercourse, and we can accept our second null hypotheses at a 5%
significance level [54].

The third model showed that the farmer group with a partially lined watercourse on
average was less happy than farmers with the unlined watercourse, so we reject our third
null hypothesis at a 10% level. This peculiar observation can be explained as follows: a
majority (60 of 300) of the respondents from the partially lined watercourse group were
downstream farmers. Since the water conveyance losses, water delivery and efficiency
were attributed to the watercourse’s length, the farmer’s land location and the distance
between the water source and the farmer’s field, the water losses had already taken place
before the water reached these farmers’ fields. Despite their decision to invest in their
part of the watercourse being lined, these distributional losses may reduce their happiness
level compared to farmers with an unlined watercourse. However, most farmers on
unlined watercourses (72%) were downstream but were still happier because they either
did not spend any money or did not know the benefits of watercourse lining. For the
first model, the farmers with a lined watercourse had a higher average happiness level
(5.73) than the farmer group on the unlined watercourse (5.65); however, the t-test results
were insignificant at the 10% level. Most of the results of the t-test were according to our
expectation; however, they were not the most suitable model choices for these relationships
as there were no control variables. We, therefore, resort to regression analysis in the
following section.
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Table 2. Mean test results for comparing the happiness level among the three groups of farmers. SE: standard error; CI:
confidence interval.

Models Mean SE N 95 % CI for
Mean Mean SE N 95 % CI for

Mean
Test

Statistic p-Value

Lined Unlined

Lined vs.
unlined 5.73 0.15 67 5.43–6.04 5.65 0.20 55 5.26–6.05 0.31 0.38

Lined Partially lined

Lined vs.
partially lined 5.73 0.15 67 5.43–6.04 5.40 0.10 178 5.20–5.59 1.82 ** 0.03

Partially lined Unlined
Partially lined

vs. unlined 5.40 0.10 178 5.20–5.59 5.65 0.20 55 5.26–6.05 −1.25 * 0.10

Note: *** Significant at 1%, ** Significant at 5%, * Significant at 10%.

The above analysis does not show us why this difference exists among the three
groups of farmers. How can the watercourse lining create a heterogeneity of wellbeing
among water users, and what other irrigation-related factors can affect farmers’ wellbeing?
To confirm our accepted hypothesis as true and avoid any statistical errors such as type I
and type II errors [60], we performed further analysis to confirm this relationship, and the
results are reported in Table 3.

Table 3. Multiple regression results. OLS: ordinary least square.

Dependent Variable (Happiness Level)

Variables (OLS) (Ordered Logit) α

Dummy for farmers with a fully lined watercourse 0.555 (0.94) 1.827 *** (2.79)

Dummy for farmers with a fully non-lined watercourse −0.332 (−0.75) −0.146 (−0.24)

Time taken by irrigation water to reach farmers’ fields
from the canal −0.119 * (−1.84) −0.195 *** (−3.53)

Time taken by irrigation water to reach farmers’ fields from canal ×
farmers with a fully lined watercourse −0.117 (−0.72) −0.343 (−1.54)

Time taken by irrigation water to reach farmers’ fields from canal ×
farmers with a fully unlined watercourse 0.236 ** (2.08) 0.327 ** (2.58)

Farmer’s share in total cost of watercourse lining −0.000003 (−0.84) −0.000005 (−1.15)

Knowledge and adoption of water-saving technologies −0.033 (−0.47) −0.066 (−0.53)

Dummy if farmer’s field is located upstream −0.145 (−0.81) −0.254 (−0.86)

Dummy if farmer’s field is located upstream × dummy for farmers
with a fully lined watercourse 0.066 (0.72) 0.065 (0.55)

Dummy if farmer’s field is located upstream × dummy for farmers
with a fully unlined watercourse −0.117 (−1.44) −0.238 * (−1.78)

Total cultivated land by farmer 0.003 (0.39) 0.007 (0.65)

Total quota of canal water per week 0.0005 * (1.85) 0.001 *** (2.61)

How often the water user association decides if stolen water is
given back to the owner 0.203 *** (3.83) 0.344 *** (5.95)

Distance of groundwater source from land 0.149 ** (2.32) 0.19 *** (3.48)

Time taken by groundwater to reach land −0.069 (−1.38) −0.095 (−1.5)

Total price of canal water paid per year −0.00003 * (−1.66) −0.0001 ** (−2.15)

Ranking/level of crop yield reduction due to water-related issues −0.078 (−1.56) −0.192 ** (−2.18)
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Table 3. Cont.

Dependent Variable (Happiness Level)

Variables (OLS) (Ordered Logit) α

Household water used by animals for drinking per day 0.0004 ** (2.03) 0.001 ** (2.4)

Age of head of the household 0.01 (1.5) 0.011 (1.42)

Education of head of the household −0.017 (−1.16) −0.024 (−1.05)

Employment status of head of the household 0.025 (0.12) 0.146 (0.55)

Relative income 0.279 *** (3.04) 0.455 *** (2.9)

Family chronic disease −0.001 * (−1.83) −0.002 *** (−3.32)

Societal trust 0.147 *** (3.66) 0.238 *** (6.9)

Migration to other locality for safety reasons 0.086 (1.15) 0.102 ** (1.95)

Water management experience −0.008 (−1.39) −0.01 (−1.03)

Constant 3.508 *** (4.66) −
Number of observations 300 300

R2 0.2606 0.104

Adj. R2 0.1901 -

Note: *** Significant at 1%, ** Significant at 5%, * Significant at 10%. t-values in parenthesis. Robust Std. Err. are used for both models.
α Std. Err. are adjusted for 10 clusters in village for the ologit model.

4.3. Results for Regression Analysis
4.3.1. OLS Regression Results

The base group for our analysis comprised farmers whose land was located on the
partially lined watercourse. Our results for the OLS regression showed that, although the
farmers who realized the value of having their watercourse lined and made the collective
decision to invest in watercourse lining felt happier than the farmers who could only have
a partial agreement on getting their watercourse lined; i.e., the partially lined group. The
results, however, were not statistically significant (β 0.555, Table 3). The negative and
statistically significant coefficient (−0.119 *) for the time taken by irrigation water to reach
the farmer’s field from the canal showed that a longer time for water to reach their fields
made the farmers unhappy. Compared to the base group (partially lined watercourse), the
farmers on a fully unlined watercourse felt happier (β 0.236 **) when the time taken by
irrigation water to reach the farmer’s field from the canal increased. This is another way
of saying that the same increase in water fetching time made farmers on a partially lined
watercourse less happy than the farmers on a fully unlined watercourse. One possible
explanation for this is that some of the farmers on the partially lined watercourse invested
in the watercourse lining, making them unhappier due to delays in fetching time than the
farmers who decided not to invest in the watercourse lining.

The positive and significant coefficient (0.0005 *) with the time allocated for canal
irrigation to each farmer showed that farmers were happier as more irrigation water
became available. Farmers also felt happier (β 0.203 ***) when the water user association
decides that the water stolen from their time should be returned. A longer distance
between the farmer’s land and the groundwater extraction point made the farmer happier
(β 0.149 **) because groundwater was brackish in the area and unsuitable for irrigation.
The longer distance usually meant that the extraction point was located closer to the
canal, where groundwater quality was much better than the on-farm extraction point.
The relative income (β 0.279 ***) and societal trust (β 0.147 ***) had positive effects on
farmers’ well-being.
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4.3.2. Ordered Logit Regression Results

As the dependent variable was categorical, we performed an ordered logit analysis
as we considered this to be a more suitable choice for our data. Once again, our base
group comprised the farmers whose land was located on a partially lined watercourse. The
results indicated that farmers with a fully lined watercourse were happier than the farmers
with a partially lined watercourse (Table 3). In contrast, the farmers whose farms were
located on a fully unlined watercourse did not have statistically different happiness levels
than those located on a partially lined watercourse. Specifically, the coefficient of 1.827 ***
for the fully-line watercourse binary variable was highly significant and showed that the
odds of a farmer’s happiness level with a fully lined watercourse being at a higher level
were 1.827 times larger than those with a partially lined watercourse. The time taken by
irrigation water to reach farmers’ fields from the canal had a highly significant coefficient
(−0.195 ***) and affected a farmer’s happiness, meaning that a longer time was associated
with lower levels of happiness. Practically, this outcome was usually observed: a longer
time for irrigation water to reach a farmer’s field would produce more significant losses in
the conveyance and makes the user relatively unhappy.

The farmer’s share in the watercourse lining cost had a negative but statistically
insignificant effect on their wellbeing. Our data indicated that the average lining cost
was 8% of a farmer’s average annual income; however, there were substantial long-term
benefits of the watercourse lining—e.g., a reduction in conveyance losses (39%), saving in
irrigation time (28%), expansion in the irrigated area (21%), enhancement in farm incomes
(15%) and the overall economic rate of return (ERR) of 28% (over 25 years) ([61], p. 9)—and
these benefits are significantly great compared to the cost to the farmers’ of a one-time
payment for 25 years of the watercourse’s working life. Therefore, our results show that
the cost was not a significant factor for the farmers.

The interaction term between the time taken by irrigation water to reach a farmer’s
field from the canal and farmers with a fully unlined watercourse had a positive (β 0.327 **)
and a statistically significant effect on farmers’ happiness. The explanation was the same
as shown in the OLS model above: a similar delay in water fetching time made the farmers
on a partially lined watercourse unhappier because they invested in the partial lining of a
watercourse. This outcome’s practical implication is that farmers with a positive attitude
toward irrigation management practices expect fewer conveyance losses and delays than
farmers who could not invest in watercourse lining.

With few exceptions, most of the other logit model results were similar to those we
saw in the OLS model. A longer irrigation quota made the farmers happy (β 0.001 ***),
although this effect was stronger than the one in the OLS model, both in terms of magnitude
and statistical significance. Farmers felt happier when someone was penalized for stealing
irrigation canal water (β 0.344 ***). A longer distance between the groundwater source and
the farmer’s land made them happier (β 0.19 ***) as the groundwater source moved closer
to the canal and water quality improved. A higher irrigation water cost made the farmers
unhappy (β −0.0001 **). The farmers who thought that water-related issues did not reduce
their crop yields were less happy (β −0.192 **) than the farmers who did think this. One
plausible explanation for this outcome is that although most farmers face low yields, the
farmers who can pinpoint these yield reductions to water-related issues feel happier than
those who cannot find any specific reasons. The former group is happy because they can
rectify their yield losses through different measures, whereas the latter do not know how
to overcome these problems.

Among the control variables, a higher relative income made a farmer happier than
their peers (β 0.455 ***). This outcome shows that farmers try to compare their incomes to
other community members when reporting their subjective wellbeing. A higher disease
burden made farmers unhappier (β −0.002 ***). The higher societal trust made the farmer
happier (β 0.238 ***). Finally, the farmers were happier (β 0.102 **) when they thought that
they did not need to migrate to other areas due to safety reasons.
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We found some specific reasons for farmers’ behavior regarding keeping the water-
courses unlined through the qualitative interviews and group discussions during our field
survey. Firstly, either all the farmers on a specific watercourse faced financial difficulties.
They were not able/willing to spend any portion of their savings on improving traditional
watercourses or were not well aware of the benefits either in the form of the prevention of
water theft by upstream farmers or the reduction of water conveyance losses and increased
water use efficiency. Secondly, although some farmers on the same watercourse were
willing and able to spend their money (or contribute in the form of labor), they still had
access to an unlined watercourse due to the decisions made by other farmers who were
neither willing nor able to spend their income. Thirdly, the upstream farmers willfully
did have their watercourse lined to steal water from downstream farmers’ canal water
allocation, which is easier from unlined watercourses. Fourthly, even if all the farmers
were willing, a lack of social networking or political strength in getting the work done from
government departments kept them from having the watercourse lined.

The farmers also described the following possible reasons for having a partially lined
watercourse: some farmers on the watercourse were willing and able to spend their money,
whereas the rest were not willing or able to have the watercourse lined completely; for
example, a farmer could have a piece of land on the tail of the watercourse but could not
afford to pay 20% of the total cost of the entire watercourse lining at one time (or contribute
in the form of labor), and so they pay a share of some portion of the watercourse lining
while the rest of it remains unlined. The following reasons were commonly found among
the farmers for the complete lining of the watercourse: the farmers had enough financial
resources and were willing to spend their savings on the improvement of traditional water
channels, and they were well aware of the benefits and had a better social network and
political access to the relevant government offices to get the work done on a priority basis.

5. Conclusions and Policy Recommendations

Irrigated agriculture in Pakistan is confronted with high conveyance losses due to
the outdated and poorly managed irrigation infrastructure. The issue is more acute at the
tertiary canal command system (watercourse-level) than the main canals, branch canals,
or distributaries. In this study, we applied the mean test and regression analysis to deter-
mine whether general irrigation conditions and farmers’ decisions to invest in irrigation
infrastructure improvement affected their happiness. We contribute to the literature in
terms of our approach’s novelty, as no other study has attempted to delineate the effects
of irrigation-related factors and farmers’ decisions to improve irrigation infrastructure on
their happiness.

We found that watercourse lining improves farmers’ self-reported “happiness” level
from our mean testing analysis. As a result of investments in improving irrigation networks,
these farmers were happier than others as the lining of irrigation channels improved water
flow, reduced leakage and seepage losses and illegal water theft by upstream water users
and increased water delivery at the tail end. Water fetching time had more negative
effects (heterogeneously) on farmers’ happiness if they were located on a partially lined
watercourse than when located on a fully unlined watercourse. In general, it was found
that a farmer likes to penalize other farmers for stealing irrigation canal water. In the
absence of an improved watercourse, this is perhaps the best solution for farmers to reduce
their water conveyance losses. Farmers reported a higher SWB when they had more canal
water time and when they had access to groundwater sourced farther away from their land
(which is usually closer to the canal and has better quality). Higher prices for irrigation
canal water made the farmers less happy. Due to a relatively low share in the watercourse
lining cost, farmers’ wellbeing was not affected by their share in the cost.

Our results have some important policy implications. First, the differential water-
course infrastructure creates inequality in water access, which affects the wellbeing of
farmers. Policymakers should try to convey to farmers that investing in irrigation infras-
tructure improves water efficiency and enhances their life satisfaction. For the farmers,
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if they realize the potential improvement of their happiness, they might be willing to
contribute more to irrigation infrastructure improvement.

The irrigation department and water user associations should make more efforts
to convince myopic farmers who have not invested in a partially lined watercourse to
do so for farmers who have invested in this watercourse not to be let down by the poor
outcome of their investment decisions. Otherwise, such farmers will be discouraged
from spending their money on lining the watercourse and may undermine other farmers’
positive mindset who are willing to invest. As most farmers want higher water quotas and
use groundwater for irrigation, the extension department should demonstrate the benefits
of on-farm water use efficiency to ensure higher yields per drop of water even though the
total irrigation water volume would not be increased. The water user associations should
further strengthen their vigilance against water theft and increase theft penalties so that
the upstream farmers are barred from stealing water and consequently will show more
willingness to invest in irrigation improvement projects.

The government should provide credit facilities to the farmers who cannot afford
to invest in watercourse lining. Future studies can expand the data set to cover more
expansive areas so that more heterogeneous groups of farmers can be included in the data.

This study also has some shortcomings, which should be overcome in future studies
in the field. Future studies should include larger samples and would also benefit from ad-
vanced analysis methods. Additional variables can also be added to the survey design, and
a cost-benefit analysis should also be added in future work. A more comprehensive dataset
should be used in future studies to explain the farmers’ overall wellbeing more thoroughly.
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Appendix A. Description of the Tertiary-Canal Irrigation System of Punjab

The tertiary canal command irrigation system in the Punjab Province of Pakistan
comprises 58,500 watercourses, providing an irrigation supply to 77.4% of Pakistan’s total
irrigated area. During the last few decades, the improvement of community watercourses
at the farm level has been increasingly prioritized in Pakistan. In the recent past, the
Government of Pakistan has initiated a major project called “Optimizing Watercourse
Conveyance Efficiency through Enhancing lining length” for the Punjab Province from 2015
to 2020 [62]. Under this watercourse lining project, the Government of Pakistan financed
up to 80% of the total costs and required farming communities to provide the remaining
20%, either in cash or in the form of labor contributions. The Water User Associations
(WUA), comprising all the farmers who own land on a specific watercourse, ensure that
every landholder contributes their share according to their landholding ([61], p. 37).

The Water Management Wing of the Provincial Agriculture Department is responsible
for implementing the on-farm water management projects, whereas the Punjab Irrigation
and Drainage Authority (PIDA) through the Water User Associations (WUA) control
the watercourse network for water distribution. WUAs engage in the improvement,
rehabilitation, operation and maintenance of watercourses, water allocation, distribution
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scheduling and ensure the proper implementation and the participation of farmers in the
system’s overall functioning. The watercourse lining depends on the farmers’ willingness
through their active involvement in forming water user associations at the village level
and contributing to the cost as per the agreed terms and conditions. The formation and
registration of a water user association are the foremost steps leading to a watercourse
lining. In short, the WUA is a critical institution for implementing any watercourse
improvement project, and its proper functioning depends highly on the farmers’ behaviors.
Different farmers behave differently depending on their socio-economic conditions and
political environment, and as a result of this, three types of watercourse exist simultaneously
in Pakistan, i.e., fully lined, partially lined and fully unlined.
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