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ABSTRACT

This research aimed to assess collective and participatory irrigation water management in relation to farmers’
satisfaction with water distribution in central Khyber Pakhtunkhwa, Pakistan. The study randomly selected 466
farmers using a multistage stratified random sampling technique, collecting data through interviews. Chi-square
and Kendall’s Tau-c tests and order logistic regression analysis were applied. Results revealed a significant and pos-
itive association between farmers’ satisfaction and the village-level organizations managing irrigation (P = 0.000;
T° =0.180), membership of these organization (P = 0.000; 7 = 0.174), planning of water management (P = 0.000;
T¢ =0.169), collective participation in water management (P = 0.000; 7¢ = 0.176), rotational irrigation timeframe
(P =0.000; T°=0.092), and collectively planned water management activities (P = 0.004; 7 = 0.112). Similarly, by
keeping farmers participate in irrigation management to a lesser extent as base category, the positive co-efficient
indicates that the log odds for satisfaction with water distribution increases among farmer’s participate in irrigation
management to a greater extent (co-efficient = 1.681, OR = 5.37, P = 0.000) and farmers somewhat participate in
irrigation management (co-efficient = 0.735, OR = 2.09, P = 0.003). The study concluded that community-driven ef-
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forts, once central to irrigation management, are now limited to seasonal maintenance of channels. Both irrigation

authorities and influential farmers resist forming specific farmer organizations for water management. The study

recommends establishing inclusive village-level irrigation committees to plan and implement strategies, ensuring

representation for marginalized farmers to reduce dissatisfaction with water distribution.

Keywords: Collective Participation; Village Level Organization; Irrigation Timeframe; Stakeholders Representa-

tion; Khyber Pakhtunkhwa-Pakistan

1. Introduction

Sustainable agriculture and rational use of water
resources is the major concern of sustainable develop-
ment goal 2030 agenda. These concerns are directly
or indirectly touched by some of sustainable develop-
ment goals like improved clean water and sanitation,
zero hunger, eliminate poverty, reduce inequality, orga-
nize climate action, influence responsible consumption
and production, etc., to change the world for better 11,
Thus, satisfactory irrigation water distribution is based
on a complex and multifaceted interaction of multiple
variables. The concept of integrated water management
is one of such attempts to cover the multiplicity of these
factors in a single model for efficient water management
for maximum socio-economic and environmental bene-
fits (231,

Integrated Water Resource Management (IWRM)
approach was first introduced in 1933 by Tennessee Val-
ley Authority (TVA) to integrate the navigation, flood
control, power production, recreation, erosion control
and public health functions of the river*. The concept
of integrated water resource management was further
highlighted by UN Secretary General in 1957 during his
address which emphasized the coordination of water
related functions™. However, until 1992 the conven-
tional water management was recognized as insufficient
to meet the growing population’s need due to the igno-
rance of this system to quality issues, over exploitation,
ecosystem degradation and social concern*. It was at
this point that the Dublin Statement on Water and Sus-
tainable Development was agreed, and four principles
on water management were approved at the Earth Sum-
mit 1992 in Rio de Janeiro, and subsequently adopted
by the Global Water Partnership (GWP). These princi-

ples emphasize that water is a finite and vulnerable re-

source, and its development and management should be
based on a participatory approach. Women’s involve-
ment should be ensured in water management, and the
social and economic value of water should be highlighted
for its use. These integrated water resource manage-
ment principles are also called ecological, institutional,
gender and economic principles or simply called the
Dublin principles[*-¢l. The four principles of integrated
water resource management give a holistic view of in-
tegrated water resource management paradigm that in-
tegrates the management of horizontal sectors (the sec-
tor that affect water use, e.g., water supply, sanitation,
agricultural use, energy generation, industrial use and
environmental protection, etc.) alongside vertical inte-
gration (co-ordination efforts between local, regional,
national and international water user groups and in-
stitutions) ). The integrated water resource manage-
ment is characterized by decentralized decision-making,
a high level of awareness for local and regional problems,
which balances top-down and bottom-up management.
It ensures ecological, financial and economic sustainabil-
ity through rational use of water in a scientific manner
alongside pricing in full cost[® 81,

Transformation of integrated water resource man-
agement paradigm into practice is a difficult task due to
complexity of water cycle and interdependency of var-
ious water development sectors (e.g., food sector, fish-
eries, electricity, etc.) and multiple stakeholders in each
sector (farmers, irrigation department, agriculture de-
partment and NGOs, etc.). In a nutshell, an appropriate
framework of integrated water resource management
will require thorough consideration for integrity of en-
vironmental, social and economic issues for a specific re-
gion or watershed area. The global water partnership,
therefore, recommended and integrated water resource

management planning cycle to transform integrated wa-
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ter resource management paradigm into practice® 10,
The integrated water resource management model
is a famous and widely recognized and used model to
understand the multiple contexts of water resource use
and management. This model is based on decade-long
practice and research to establish necessary interdisci-
plinary tools which come from natural sciences (hydrol-
ogy & metrology, etc.), engineering (civil and structure
engineering, etc.) and social sciences (sociology, eco-
nomics & political science, etc.). The multiple variables
of this model are arranged into three layered patterns
of enabling environment, institutional roles and manage-
ment instruments that shape the efficient water distri-
bution and management to different users’ groups(® 11,
Irrigated agriculture has been considered as a panacea
in many developing nations for dealing with endemic ru-
ral poverty by helping to enhance living standards and
improve food security. However, institutional flaws in ir-
rigation administration significantly diminish its perfor-
During 1970s and 1980s,
irrigation systems were developed based on the deci-

mance and effectiveness 12l

sions of farmers known as “participatory irrigation man-
agement” (PIM) and “irrigation management transfer”
(IMT). These approaches gave mixed-yield outcomes,
particularly in India and Pakistan (Senanayake et al.,
2015). Irrigation experts understood in the 1980s that
the government alone could not manage and maintain ir-
rigation infrastructure. They started to encourage farm-
ers’ roles in water resource management(!% 131, By the
early 1990s, international donors had followed suit, pro-
moting policies that encouraged farmer participation in
irrigation management (Vermillion, 1997) (1415,

Theoretically, this research study is based on multi-
ple theories (Green perspective, Marxist theory, Homer-
Dixon theory, Karl Wittfogel social theory of irrigation,
and Tragedy of common resource theory) to explain fac-
tors affecting farmers’ satisfaction with irrigation water
allocation explained in integrated water resources man-
agement model.

The Green perspective emphasizes the interplay be-
tween socio-environmental and technological factors in
shaping water use dynamics and related conflicts, cen-
tering around four key pillars: population, social organi-

zation, environment, and technology. Rapid population

growth has intensified pressure on freshwater resources
for agricultural, industrial, and domestic needs (Ardeka-
nian, 2003; Tabara, 2007), while misapplied technolo-
gies further degrade water sources and the environment,
widening the gap between supply and demand and fu-
eling conflict among user groups (Green, 2002; Bijani
& Hayati, 2011; Sadeghi et al., 2020). From a Marx-
ist viewpoint, water conflicts stem from social inequal-
ity and power imbalances that favor dominant groups,
leaving marginalized communities at a disadvantage and
prone to resistance or conflict (Said, 2008; Tahir, 2009;
Mohammadinezhad & Ahmadvand, 2020; Huffaker &
Hamilton, 2007; Tulloch, 2009). Homer-Dixon (1994)
identifies water scarcity as a result of supply, demand,
and structural shortages, with governance systems need-
ing to regulate population and adopt efficient technolo-
gies, though power misuse can create inequitable ac-
cess. Wittfogel’s theory highlights how irrigation bu-
reaucracies evolve into power centers within agrarian
societies, shifting influence from landowners to those
controlling water distribution, thereby embedding wa-
ter politics into broader socio-economic structures (Wit-
tfogel, 1957; Ulmen, 1978).

This research study is limited to participatory irri-
gation management practices, which is a broad concept
that empowers farmers to make collective decisions that
influence their lives. It allows for collective action and
conversation among users, agencies, and governments.
Effective participation promotes fairness, efficient man-
agement, and effective water fee collection. Farmers’
active participation in irrigation management helps to
maintain the sustainability of irrigation systems by en-
suring regular water deliveries and distribution of wa-
ter, improved design and construction, reducing water
conflicts, and enhancing irrigation system maintenance.
When water user associations are given the authority to
manage irrigation infrastructure improvements, they of-
ten explore several methods to prevent waste, control
corruption, and allocate funds more efficiently. When re-
habilitation is associated with the development of water
user organizations, it not only strengthens the WUA's ca-
pabilities but also allows for ownership of the irrigation
system (¢l Participatory initiatives can increase admin-

istrations’ ability to listen to water users. They can de-

282



Research on World Agricultural Economy | Volume 06 | Issue 04 | December 2025

velop and strengthen mechanisms for officials and farm-
ers to collaborate on water allocation and problem reso-
lution, thereby making them more efficient and account-
able. Water rights are frequently allocated as shares un-
der the warabandi system, necessitating careful coordi-
nation and negotiation to obtain the appropriate quan-
tity of water at the proper time [17]. Moreover, an individ-
ual farmer cannot meet all their irrigation water related
needs, especially, when such farmers are from the lower
rung of social stratification hierarchy. Collective action
in such situations helps the farmers to work together for
common causes and achieve their individual and com-

[18-211 ' The collective action is also a source

mon goals
to power balance with the powerful elites, individuals,
groups and institutions. Participatory irrigation man-
agement empowers the farmers in various aspects of
irrigation management ranging from planning, organiz-
ing, implementing, monitoring, evaluating and benefit
distribution of irrigation system. In some instances, to-
tal irrigation management is transferred to farming com-
munity for participatory irrigation management and en-
abling communities in resolving their irrigation related
problems by themselves to enhance their satisfaction in
irrigation water distribution [22-26],

Therefore, the main aim and objective of this re-
search is to study the extent to which the collective and
participatory irrigation management can contribute to

farmers’ satisfaction with water distribution?

2. Materials and Methods

The main objective of this research paper is to
examine collective and participatory irrigation water

management in relation to farmer satisfaction with wa-
ter distribution in three districts (Malakand, Charsadda,
and Mardan) of central Khyber Pakhtunkhwa, Pakistan.
These districts are irrigated through the Upper Swat
Canal, which is divided into two branches: Abazai and
Machi. These branches are further segmented into 27
minors and 508 outlets. The entire irrigation system is
managed through three administrative sections: Dargai,
Harichand, and Hatyan. A total of 27,830 farmers de-
pend on and utilize irrigation water from these canals.
A multistage stratified random sampling technique was
used for sample selection. In the first and second stages,
the Machi and Abazai canals, along with the three irriga-
tion sections (Dargai, Harichand, and Hatyan), were se-
lected. In the third stage, five minors out of nine were
randomly selected from the Dargai section, five out of
ten from the Harichand section, and four out of eight
from the Hatyan section. At the fourth stage, 87 outlets
out of 262 were selected using a systematic sampling
procedure with a skip interval of 3. In the fifth stage,
a total of 15,242 farmers using water from the selected
87 outlets were listed. These lists were obtained from
the irrigation department and constituted the sampling
frame for the present study. The sample size (n = 466)
farmers were determined using Equation 1 proposed by
Chaudhry (2009)?7], and Equation 2 used by Bowley
(1926) was applied for proportional allocation and ran-
dom selection 28! as shown in Table 1.

NpgZ?
n= — pq - (1)
pqZ? + Ne* — 2
Nh

Table 1. Allocation of Required Sample to Selected Irrigation Section & Minors.

Selected Minors and Farmers from Dargai Irrigation Section

Total Outlets on Selected Total Number Sample Size
S/No Selected Minors Each Minor Outlets from of Farmers on from Each
Each Minor Each Minor Minor
1 PC Minor 31 10 1448 44
2 Abazai Branch 28 10 935 29
3 Jalala Minor 21 7 1191 36
4 Shengari Minor 13 4 896 27
5 Pirsado Minor 15 5 608 19
6 Sub Total 108 36 5078 155
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Table 1. Cont.

Selected Minors and Farmers from Harichand Irrigation Section

Total Number

Selected

Total Number

Sample Size

S/No Selected Minors of Outlets on Outlets from of Farmers on from Each
Each Minor Each Minor Each Minor Minor
1 Sharif Dheri Minor 10 3 234 8
2 Bariband Minor 39 13 2753 68
3 Amirabad Minor 24 8 1244 30
4 Behram Dheri Minor 16 5 489 12
5 Nusrat Zai Minor 14 5 512 20
6 Sub Total 103 34 5532 138
Selected Minors and Farmers from Hatyan Irrigation Section
Total Number Selected Total Number Sample Size
S/No Selected Minors of Outlets on Outlets from of Farmers on from Each
Each Minor Each Minor Each Minor Minor
1 Shergarh Minor 13 4 1443 54
2 Kalo Minor 21 7 1413 53
3 Sapokanda Minor 11 4 241 9
4 Hatyan Minor 6 2 1535 57
5 Sub Total 51 17 4632 173
Grand total for all selected irrigation sections 262 87 15242 466

2.1. Conceptual Framework

In this study, farmers’ satisfaction with water dis-
tribution was the dependent variable, while collective
and participatory irrigation water management, socio-
economic status and age of the farmers were indepen-
dent variables that constituted the conceptual model
shown in Table 2.

2.2. Measurement of Variables

The collective and participatory irrigation water
management variable was measured on the scales
adopted from Shivakoti (1991)[?°], Cheema et al. (1997)
and Habtamu (2011) with slight modifications after
approval from the departmental supervisory commit-
tee 3% 31 The collective and participatory irrigation wa-
ter management was grouped into three categories on
the basis of average score i.e., farmers participate in
irrigation management to greater extent (1.14 and be-

low), farmers somewhat participate in irrigation man-
agement (1.141 to 1.71) & farmers participate in ir-
rigation management to a lesser extent (above 1.71)
and coded as 0, 1 and 2, respectively. Similarly, Udai
Pareek and Kuppuswamy (2019) modified scales were
used based on three variables, i.e., farmers’ education,
farmers’ monthly income and land holding for measure-

321 Based on

ment of farmers’ socio-economic status!
the scores level, the lowest possible score of these three
mentioned domains measuring socio-economic status
(SES) of the farmers became 2 and the highest score is
11. By using a quantitative approach, the score is di-
vided into three groups, according to which farmers with
a score of 2-5 on the socioeconomic status scale were
ranked into low socioeconomic status farmers. More-
over, those in the range of 6-8 on the scale were con-
sidered as middle socio-economic status farmers, and
those with scores 9-11 were considered as high socio-
economic status farmers 31321,

Table 2. Conceptual Framework of the Study.

Independent Variables

Dependent Variable

Collective and participatory irrigation water management

Farmers socio-economic status
Age

Farmer’s satisfaction with water distribution
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2.3. Data Analysis

The Statistical Package for the Social Sciences
(SPSS) version 20 was used to analyze the data at the bi-
variate and multivariate levels. The Bi-Variate analysis
was used to find out the association between dependent
and independent variables. The chi-square test was used
to test the association between the two variables. The
Chi Square test values were calculated using 33!

2\ - (03 —ey)’
RDIDIE

.y
i=1 j=1 v

(3)

The basic principles for the Chi-Square Test are

given below

1.  The subjects for each group are randomly and inde-
pendently selected.

2.  Eachobservation must qualify for one and only one
category.

3.  Sample size must fairly be large such that no ex-
pected frequency is less than 5, for r and ¢ > 2 or
<10ifr=c=2.

If the last principle was violated in the data, then
the Fisher Exact Test was used instead of the simple Chi-

Square Test. The Fisher Exact Test is expressed as fol-

lows
Fisher Exact Test =

(a+b)l(c+d)l(a+c)l(b+d)!
N! alb!c!d!
The multivariate analysis was used to determine

(4)

whether the variation in farmers’ satisfaction with wa-
ter distribution caused by the independent variables
could be explained by the control variables or not. At
the multivariate level, the variables that met the Cron-
bach’s Alpha coefficient criteria for indexation were in-
dexed and cross-tabulated with the dependent variable
(farmer satisfaction with water distribution) while con-
The Chi-

Square/ Fisher’s exact test was used to analyze the rela-

trolling for farmers’ socio-economic status.

tionship between variables, and the tau-c (7°°) test was
used to determine the strength and direction of associ-
ation among variables. Kendall’s Tau-c is expressed as
below (Nachmias, 1992).

2(nc — nd)

= n2{m=b
m

(5)

Order logistic regression model was used for analy-
sis of quantitative data. Order logistic regression model
is an ordinal regression model for ordinal endogenous
variables. Following Bratti and Staffolani’s (2011) proce-
dure the outcome factors were in systematically ordered
as highly satisfied with irrigation water distribution 3%,
moderately satisfied with irrigation water distribution
and less satisfied with irrigation water distribution, and
the explanatory variables were used in the ordered logis-
tic model as below.

» Collective and participatory irrigation water man-
agement (0 = Farmers participate in irrigation man-
agement to a greater extent, 1 = Farmers somewhat
participate in irrigation management, 2 = Farmers
participate in irrigation management to a lesser ex-
tent)

»  Socio-economic status (0 = Low Socio-economic sta-
tus, 1.00 = Middle Socio-economic status, 2.00 =
High Socio -economic status)

> Age (0 =Young adulthood (20-40 years), 1 = Middle
age adulthood (41-60 years), 2 = Older adulthood
(Above 60 years).

» Farmer’s satisfaction with water distribution (0 =
Low satisfied with irrigation water distribution, 1
= Moderately satisfied with irrigation water distri-
bution, 2.00 = Highly satisfied with irrigation water
distribution)

Since the ordered logistic regression used categor-
ical variables, the following were taken as the base cate-
gories: farmers with less participation in irrigation man-
agement, farmers with high socio-economic status, and
farmers in older age groups. These served as the ref-
erence groups for collective and participatory irrigation
water management, socio-economic status, and age of re-
spondents, respectively.

The mathematical form of the ordered logistic re-
gression model used in this study to analyze the vari-
ables responsible for farmers’ satisfaction with water
distribution is written as:

y=p00+p51xl+ 5222+ 53 x3.......... + Bk xk+ei (6)

where y represents dependent variable, S0 indicates the
intercept, $1 signifies the regression coefficients for vari-
ables, and x1- xk denote the fixed values of the inde-
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pendent variables and &i is the error term %, In this
research study, the specification of the ordered logistic

regression model is given below;

Y (farmer’s satisfaction with water distribution)
= 30 + B1(collective and participatory
irrigation water management)+
32(Socio-economic status) + 33(Age) + ei
For the ordinal logistic regression analysis, the fol-

lowing assumptions were tested in the following order

The regress and variables are in sequence.
Exogenous variables are either continuous, cate-
gorical or ordinal

3.  No multi-collinearity issue

Proportional odds

3. Results and Discussion

3.1. Association between Collective and
Participatory Irrigation Water Manage-
ment and Farmers’ Satisfaction with
Water Distribution

The formal and informal organizations are impor-
tant in defining planning, implementing and regulating
irrigation water distribution. However, combining both
of these formal and informal organizations can enhance
the water management efficiency to a greater level. In
real life involvement of informal organizations and com-
munity members in management of public resources is
made possible through collective and participatory ap-
proaches. Under collective and participatory irrigation
management, the community members and their infor-
mal organizations are delegated with greater power and
more responsibilities to plan, implement and control ir-
rigation water distribution in collaboration with irriga-
tion department and other line agencies. Thus, under
participatory approach, people share power and respon-
sibilities with irrigation department to manage water re-
sources to the satisfaction of farming community. Asso-
ciation between collective and participatory water man-
agement and farmer’s satisfaction with water distribu-
tion is tested by limiting variable of collective and partic-
ipatory irrigation to few attributes given in Table 3 and
explained below.

Table 3 results show that farmers’ satisfaction with

water distribution had a highly significant (P = 0.000)
and positive (7 = 0.180) association with having village
level organizations to look after irrigation management.
Similarly, a positive (7¢ = 0.174) and a highly signifi-
cant (P =0.000) association was found between farmers’
satisfaction with water distribution and village organi-
zations having membership from all socio-economic sta-
tus groups. Social organizations and resource mobiliza-
tion are instrumental in establishment of village level or-
ganizations under collective and participatory irrigation
water management endeavor. For this purpose, village
level organizations are established through a democratic
electoral process. These organizations are characterized
with representation from all socio-economic status, cast,
religion and ethnicity groups to ensure incorporation of
all stakeholders in the planning process and their subse-
quent resolution. Establishment of village level organi-
zation under participatory approach with greater repre-
sentation of all stakeholders is more likely to solve the
water distribution problem according to the aspiration
of all farmers group and lead to their greater satisfaction
from water distribution as evident from above signifi-
cant and positive results. Irrigation water distribution
and management is the administrative authority of irri-
gation department. However, it is very difficult for over-
loaded irrigation staff with least facilitation to shoulder
the heavy work load. Moreover, the elements of social
inequality, power imbalances, corruption damage the
spirit of fair irrigation water distribution. To overcome
social inequality and ensure fair and efficient water dis-
tribution the collective and participatory irrigation wa-
ter management approaches are introduced which in-
volve functional participation of all stakeholders in irri-
gation water management at village level (Yohannes et
al,, 2006) 3¢, Consequently, the workload of irrigation
department in planning, implementing and regulating
irrigation water distribution and maintenance of irriga-
tion infrastructure is shoulder by the community mem-
bers (Bijani and Hayati, 2018) 37-38], Moreover, incorpo-
ration of the sway of all stakeholders creates the sense of
ownership among farming community. Such farmers are
free to describe their problems at community level meet-
ing, suggest its remedy, and ensure transparency in the
system and promote fair water distribution to the satis-

faction of the farmers (Ghasemi, 2006)[3 3739 401,
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Table 3. Association Between Collective and Participatory Water Management and Farmers’ Satisfaction with Water Distribu-

tion.
Independent Variable (Collective and Participatory . Statistics-x2, (P =
Water Management) Dependent Variable Value) & T
You have a village-level organization to look after Farmer’s satisfaction with water X2 =21.082 (0.000)
irrigation management. distribution T°=0.180
The village organizations have membership from all Farmer’s satisfaction with water X2 =23.140 (0.000)
SES groups. distribution T°=0.174
All farmers collectively plan their water management Farmer’s satisfaction with water X2 =10.916 (0.004)
activities. distribution T°=0.112
The water management practices are so planned at Farmer’s satisfaction with water X2 =21.344 (0.000)
village level that no one is left. distribution T°=0.169
The affairs of village-level water management activities =~ Farmer’s satisfaction with water X2 =23.312 (0.000)
are collectively participated in. distribution T°=0.176
Warabandi is determining by mutual conscience of Farmer’s satisfaction with water X2 =20.408 (0.000)
farmers and irrigation department? distribution T°=0.092
Farmers contributing labor for maintenance of Farmer’s satisfaction with water X2 =1.460 (0.482)
irrigation channels distribution T°=0.053

Furthermore, the result of farmers’ collectively
planned water management activities showed a signif-
icant and positive (P = 0.004, 7° = 0.112) association
with farmers’ satisfaction with water distribution. In
addition, planning water management practices at vil-
lage level so that no one is left behind had highly sig-
nificant and positive (P = 0.000; 7¢ = 0.169) associa-

tion with farmers’ satisfaction with water distribution.

Collectivity is the beauty of all participatory approaches.

The village organizations established after social orga-
nization process are mandated to sit together, identify
major irrigation water distribution-related problems,
suggest interventions for overcoming the problems and
implement these interventions in a collective and par-
ticipatory manner. In this whole planning process, spe-
cific attention is given to ensure that stakeholders from
all socio-economic statuses, especially the marginal-
ized segments, are involved in irrigation water manage-
ment planning and implementation, so that no one is
left behind. The collective and participatory planning
has the beauty of diversity of viewpoints in problem
identification and solution or suggestion from all stake-
holders’ groups. Moreover, such collective efforts are
leading to a greater sense of ownership among all stake-
holders thatlead to a greater satisfaction with water dis-
tribution among farmers. The collective participatory
approach enhances the confidence level of marginal-

ized farmers by encouraging them to share their prob-
lems and possible solutions during the participatory
planning process. Moreover, the discussion over prob-
lems and consensus development for possible solution
reduces the chances of water-based conflicts among the
farmers. Additionally, participatory planning and its
implementation under the supervision of government
authorities improve the trust level between the irriga-
tion department and community members 4% 411, More-
over, the stakeholders involved in participatory irriga-
tion planning are more enthusiastic for shouldering the
responsibility in implementation of these plans result-
ing in greater sustainability, reduced consumers cost,
improved efficiency, fairness and efficient service deliv-
ery (Wodi, 2006) [38 42-44],

Moreover, farmers’ satisfaction with water distri-
bution was found highly significant (P = 0.000) and
positive (7° = 0.176) in association with the collective
participation for dealing with the affairs of village-level
water management activities. Similarly, determining
Warabandi (rotational water distribution) through mu-
tual consensus of farmers and irrigation department
exhibited a highly significant and positive association
with farmers’ satisfaction with water distribution (P
= 0.000; 7T¢ = 0.092). The community-based partici-
patory approaches are tested during their implementa-
tion. Once the community is organized and plans are
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developed through mutual consensus of all stakehold-
ers, these plans are approved by the competent author-
ity, mostly an officer of the irrigation department of
high rank. These plans are reviewed, improved and
presented to community for any feedback. The final-
ized plans are approved and implemented. The govern-
ment’s share of financial contribution for plan imple-
mentation is released on annual, seasonal or monthly
basis, while the financial share from community is con-
tributed through cash collection from them or in kind
(free and subsidized labor supply), according to mutu-
ally agreed and signed agreement. Thus, a village ir-
rigation plan becomes a legal document under which
the irrigation activities are planned and agreed upon
by the irrigation department and local community and
is implemented by all stakeholders collectively. The
beauty of these plans lies in the collective planning and
implementing processes where technical and social as-
pects of irrigation water management are thoroughly
catered for through inputs from irrigation department
experts and community representatives. Taleghani
(2016) reported that collective and participatory irri-
gation water management processes are ideal but not
smooth ], It involves persuading big farmers to share
their power, authority and resources with poor farm-
ers. Moreover, consensus development on irrigation
water distribution, resource allocation, financial collec-
tion and responsibility distribution is quite difficult and
time-consuming. In addition, the elements of elite cap-
ture in subgroups at the community level are an ad-
ditional drawback of collective and participatory ap-
proaches. Lastly and more importantly willingness of
irrigation department authority to delegate and share
their administrative power with community members
is the most important assumption for successful col-
lective and participatory irrigation water management
(Ndlovu et al., 2006) [8 36,40, 41],

On the other hand, farmers’ satisfaction with water
distribution and farmers contributing labour for main-
tenance of irrigation channels was found to be non-
significant in association with each other (P = 0.442; T
= 0.053). The collective and participatory irrigation wa-
ter management is founded on zeal for collective efforts.

Under this approach, the physical and financial respon-

sibilities are shared by community members with irriga-
tion department. Thus, the stakeholders from the com-
munity are bound to assist the irrigation department in
desilting and maintaining the irrigation infrastructure
by providing it free of cost or at a subsidized level. How-
ever, such cooperation was not fully extended by the
farmers due to the infancy of this approach in the study
area, which is notreflected in the non-significant associa-
tionresults. Theis etal. (2018) reported that community
members are bound to facilitate the irrigation depart-
ment by providing labor force to them during cleaning
and maintenance of irrigation channels and canals. Such
alabor supply is necessary for smooth and persistent wa-
ter flow to agricultural fields. However, due to low wages
fixed by the irrigation department and delayed payment,
it reduces labor supply from the community side to the
irrigation department (Wodi, 2006) [38 461,

3.2. Association between Collective and
Participatory Water Management and
Farmer’s Satisfaction with Water Dis-
tribution (Controlling Farmers Socio-
Economic Status)

Table 4 results highlighted that the association
of collective and participatory water management and
farmers’ satisfaction with water distribution in the con-
text of low socioeconomic status farmers was posi-
tive (7° = 0.141) and highly significant (P = 0.000).
The association of above variables in the context of
farmers with middle socioeconomic status was posi-
tive (7°° = 0.213) and highly significant (P = 0.000)
and association of the said variables was positive but
non-significant (P = 0.279 & T°¢ = 0.075) for high
socio-economic status farmers. The significance value
and T for the whole table showed highly significant
and positive association (P = 0.000 & 7°¢ = 0.164)
between collective and participatory water manage-
mentand farmer’s satisfaction with water distribution
of varying socioeconomic status groups. The asso-
ciation of collective and participatory water manage-
ment with farmer’s satisfaction with water distribu-
tion is explained by socio economic status of the farm-
ers. As farmers from low and middle socio-economic

status are significantly and positively affected by col-
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lective and participatory water management with re-
spect to their satisfaction with water distribution than
high socio-economic status farmers, as indicated by
positive 7. Passive participation of the majority of
farmers in irrigation water management is identified
as an obvious factor in the unequal and unfair distri-
bution of irrigation water. Collective and participa-
tory approaches in irrigation water management are
introduced to ensure participation of farmers from all
socio-economic, ethnic, and religious groups in plan-
ning and management of irrigation water. Involve-
ment of farmers in planning and implementing irriga-
tion water distribution regulates the water distribu-
tion and upkeeps the irrigation infrastructure to the
required standard, and ensures smooth flow of irriga-
tion water to all farmers. Moreover, this approach pro-
vides a remedial measure in case of problems faced by
farmers through a participatory evaluation and feed-
back mechanism. In reality, the participatory irriga-
tion water management, especially in developing coun-
tries like Pakistan, is not working smoothly. The ad-
ministrative interruption, opposition from big farmers
and the elements of elite capture are major hindrances
in smooth working of collective and participatory ap-
proaches. Consequently, the high socio-economic sta-
tus farmers are in different to collective participatory
approaches, while the influence of these participatory
irrigation water management approaches positively

influence the satisfaction of low and middle socio-
economic status groups. Various international orga-
nizations recommend collective and participatory irri-
gation water management for realistic problem iden-
tification and effective solution through involvement
of farming communities. For this purpose, the farm-
ers are socially organized into village level organiza-
tionsand involved in participatory planning and imple-
mentation in water management plan through active
participation of all stakeholders!?% 47491, The work-
ing of village organizations is guided by the principle
of voluntarism and self-help to solve collective prob-
lems within the available resources under the tech-
nical and administrative guidance of government au-
thorities 3 5%, However, the farmers from high socio-
economic status, in most cases, steer the working of vil-
lage organizations in favor of personal needs through
the element of elite capture (Gring, 2024)[4851,52]
Farmer’s participation in irrigation activities is likely
to enhance their satisfaction in irrigation water dis-
tribution. However, due to non-existence of irriga-
tion water related NGOs, and overloaded irrigation de-
partment establishment, participation of all stakehold-
ers in water management under collective participa-
tory approaches is not fair. Farmers from high socio-
economic status groups manage to hijack these par-
ticipatory organizations for their personal interest or
forcefully stop them from working 2% 26:31,50,52],

Table 4. Association Between Collective and Participatory Water Management and Farmer’s Satisfaction with Water Distribution

(Controlling Farmers Socio-Economic Status).

Statistics x2 Statistics, x2,
Socio-Economic Status Independent . . X Chi-Square (P =
. Dependent Variable Chi-Square (P = c
of the Respondents Variable Value) & T° Value) & T for

Overall Table

Collective and

Low socio-economic participatory
status irrigation
management

Farmer’s satisfaction with
water distribution

X2 = 25.506 (0.000)
T°=0.141

Collective and

Middle socio-economic participatory
status irrigation
management

Farmer’s satisfaction with
water distribution

X2 = 37.049 (0.000)
T°=0.213

X2 =53.727 (0.000)
T°=0.164

Collective and

High socio-economic participatory
status irrigation
management

Farmer’s satisfaction with
water distribution

X2 =5.077 (0.279) T*
=0.075

289



Research on World Agricultural Economy | Volume 06 | Issue 04 | December 2025

3.3. Estimated Model for Farmers’ Satisfac-
tion with Irrigation Water Distribution

Farmers satisfaction with irrigation water distribu-
tion was measured through ordered logistic regression
model, as the dependent variable (farmers satisfaction
with water distribution) is measured at ordinal level
which include information on rank ordering (low satis-
fied with irrigation water distribution, moderately satis-
fied with irrigation water distribution and highly satis-
fied with irrigation water distribution) within data. The
four prerequisite assumptions were tested before con-
ducting ordinal logistic regression which include the fol-

lowing principles,

3.3.1. Assumption that the Dependent Vari-
able is Ordered

As the dependent variable is measured at ordinal
level and include information on rank ordering, there-
fore, the first assumption of ordered regression model,
i.e., the dependent variable is order, is satisfied by the
dataset.

3.3.2. Assumption that the Independent
Variables are Categorical or Ordinal

The second assumption of ordered regression
model is satisfied as all the independent variables are
categorical or ordinal.

3.3.3. Multicollinearity Diagnostic Test

One of the fundamental assumptionsis that there

is no multi-collinearity issue among the set of inde-

pendent variables in ordered logistic regression. For
testing this assumption, variance inflation/ increase
factor (VIF) test is used, in addition, the values of tol-
erance for each of independent variables are calcu-
lated (Table 5). All the independent variables exhib-
ited the VIF values of less than 10 (Table 5). Further-
more, the tolerance values for each independent vari-
able were higher than 0.10 (Table 5). Therefore, the
assumption of multi collinearity was satisfied as the
condition of no multiple relations between the inde-
pendent variables introduced in the model was estab-
lished from the VIF and tolerance values (Stephen and
Karen, 2011) 331,

3.3.4. Assumption of Proportional Odds
and Parallel Test

One of the major assumptions of the ordered lo-
gistic regression is that the effect of each independent
variable is consistent/proportional through different
thresholds. This assumption is termed the assumption
of parallel odds or parallel lines. To test this assump-
tion, the parallel line test was applied. This test (Table
6) compared the ordinal model (labelled as null hy-
pothesis; Table 6) having a single set of coefficients
for all thresholds with another model (labelled as gen-
eral; Table 6) having a separate set of coefficients for
each threshold. The ordinal model (proportional odds)
gives significantly better fit to data than general model
(P = 0.147; Table 6); therefore, the assumption of pro-
portional odds is satisfied and the data is suitable for
order logistic regression.

Table 5. Multicollinearity Diagnostic Test.

Collinearity Statistics

Tolerance VIF
Collective participatory irrigation water management 0.520 1.925
Socio-economic status of the respondents 0.933 1.071
Age 0.930 1.075
Table 6. Test of Parallel Lines.
Model -2 Log Likelihood Chi-Square Df Sig.
Null Hypothesis 460.888
General 411.308 19.498 14 0.147
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3.4. Order Logistic Regression Model

3.4.1. Variable Selection in the Ordered Lo-
gistic Regression Model

Three predictor variables, i.e., collective and partic-
ipatory irrigation water management, socio-economic
status, and age, exhibited significant relationship (P <
0.05) in ordinal logistic regression model to explain
the variations in outcome variable (farmer’s satisfaction
with water distribution). In this research study, the spec-
ification of ordered logistic regression model is given as
below:

Y (farmer’s satisfaction with water distribution)
= B0 + [31(collective and participatory irrigation
water management) + [32(socio-economic

status) + [33(age categories) + i

3.4.2. Model Fitting Information

It is essential to find out whether the ordered lo-
gistic regression model improves our ability to guess
the outcome or not, before analyzing the effect of in-
dependent variables in the model. This is made possi-
ble by comparing the intercept-only model (model with
no explanatory variable) with the final model (model
with all explanatory variables). Results in Table 7 show
the comparison of the final model and the intercept-
only model (using negative log-log link likelihood val-
ues). The Chi-Square value (x? = 64.252) and highly sig-
nificant result (P = 0.000)) suggest that the final model
significantly improved the ability to guess the outcome
as compared to the intercept-only model. Therefore,
the ordered regression model enclosing all the explana-
tory variables like collective and participatory irrigation
water management, socio-economic status, and age cat-
egories gives better prediction than if results are esti-
mated by marginal probabilities for the outcome cate-
gories (low, moderate and highly satisfied with irriga-
tion water distribution).

3.4.3. Goodness of Fit

The goodness of fit statistics is intended to test
whether the collected data is consistent with the fitted
model or not. The goodness of fit table (Table 8) con-
tains Chi-Square statistics for the model and Chi-Square
statistics based on deviance. The null hypothesis for

goodness of fit assumes that the fit is good. If this null
hypothesis is proved (P > 0.05), then it is concluded
that the data and the model have similar predictions and
the model is a good fit. If the null hypothesis is rejected
(P < 0.05) then the model doesn’t fit well with the
data. The results in Table 8 suggest that the model is
a good fit (P = 0.119). Furthermore, the group of pre-
dictor variables exhibited significant relationship with
dependent variable (Nagelkerke R? = 0.148; Table 8).
The same statistic also helps to establish that 14.8 per-
cent variation in farmer’s satisfaction with water distri-
bution is explained by grouping variables (Table 8). The
low value of R? (0.148) is consistent with other cross-
sectional study data where the value of Pseudo R-Square
is typically low to moderately low, especially when the
variables are of qualitative nature (Gujrati and Porter,
2009).

3.4.4. Factor Influencing Farmer’s Satisfac-
tion with Water Distribution Using
Ordered Logistic Model

In the ordered logistic regression, which used cate-
gorical variables, the base categories were set as farmers
with low participation in irrigation management, farm-
ers belonging to higher socio-economic status, and farm-
ers from older age groups. These categories were used
as reference groups for comparing collective irrigation
management, socio-economic status, and age of the re-
spondents.

Parameter estimates, which elaborate on the spe-
cific relationship between the independent and depen-
dent variables, are given in Table 9. The results of Wald
test (Table 9) and its corresponding p-values validate
that the grouping variables were significant in predic-
tion of farmer’s satisfaction with water distribution. The
variables like collective and participatory irrigation wa-
ter management, and age, are significant at five percent,
while the socio-economic status of farmers is significant
at one percent.

Moreover, by keeping farmers participate in irri-
gation management to a lesser extent as base category,
the positive co-efficient estimate (Table 9) value in-
dicate that the log odds for farmers satisfaction with
water distribution increases among farmers partici-

pate in irrigation management to a greater extent (co-
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efficient estimate = 1.681, OR = 5.37, P = 0.000) and
farmers somewhat participate in irrigation manage-
ment (co-efficient estimate = 0.735, OR = 2.09, P =
0.003). Thus, while comparing to the farmers who
least participate in irrigation management, farmers
who participate in irrigation management to some ex-
tent or more are more likely to be satisfied with irriga-
tion water distribution. Similarly, the negative value
of co-efficient estimate in Table 9 shows that farm-
ers from low and middle socioeconomic status group
are less likely to be satisfied with irrigation water dis-
tribution while keeping high socio-economic status of
the farmers as a base category (low SES coefficient es-
timate = —1.775, OR = 0.17, P = 0.000), (middle SES
co-efficient estimate = —1.579, OR = 0.21, P = 0.000).
Thus, farmers from high SES are more likely to be satis-
fied with irrigation water distribution than those from
low and middle SES groups. The reasons for the high
satisfaction of farmers from high SES groups can be cat-
egorized into two broader groups. Initially, there are
socio-economic characteristics owned by the farmers
from high SES group that favor their better satisfaction
with water distribution. For instance, farm size, avail-

ability of finances, literacy level, and access to commu-
nication channels for innovative technologies had sub-
stantial effects on farmer’s attitudes toward awareness
of innovative technologies, understanding these tech-
nologies, and practicing efficient and water conserving
irrigation technologies at their farms. This means that
high SES provides sound basis for positively accessing
and adopting innovative technologies, while remain-
ing within the due limit of irrigation water rights ad-
missible to high SES farmer®* 1, On the other hand,
the power and authority associated with high SES is a
source of influence over irrigation administration, ap-
plied for, by high SES farmers, to get an unauthorized
share of water, larger than their due right, at the cost
of depriving the small and middle farmers[>°l. In addi-
tion, the powers of high SES farmers don’t allow the
community-based and participatory irrigation water
management committees to be established. If estab-
lished, the powerful farmers don’t let such organiza-
tions work in a fair manner or hijack them to accom-

plish their personal interests[>%l,

Consequently, the
low SES farmers are more liable to water shortage, es-

pecially in Pakistan 52571,

Table 7. Model Fitting Information.

Model —2 Log Likelihood Chi-Square Df Sig.
Intercept Only 592.225 0.000
Final 527.973 64.252 5 '
Table 8. Goodness-of-Fit.
Goodness-of-Fit Pseudo R-Square
Chi-Square Df Sig. Cox and Snell Negelkerke McFadden

Pearson 381.369 350 0.119

Deviance 365.020 350 0.279 0.128 0.148 0.068

Table 9. Factors Influencing Farmers’ Satisfaction with Water Distribution Using Ordered Logistic Model.

Estimate Odds Ratio Std. Error Wald Df Sig.

Low satisfied with irrigation water distribution —1.488 0.23 0.535 7.727 1 0.005
Moderately satisfied with irrigation water distribution 0.248 1.28 0.530 0.219 1 0.640
Farmers participate in irrigation management to a greater extent 1.681 5.37 0.326 26.568 1 0.000
Farmers somewhat participate in irrigation management 0.735 2.09 0.251 8.586 1 0.003
Farmers participate in irrigation management to a lesser extent 0e 0

Low socio-economic status —-1.775 0.17 0.444 15971 1 0.000
Middle socio-economic status —1.579 0.21 0.428 13.580 1 0.000
High socio-economic status 0e . . 0 .
Young adulthood (20-40 years) —0.213 0.81 0.301 0.502 1 0.479
Middle-aged adulthood (41-60 years) —0.565 0.57 0.257 4816 1 0.028
Older adulthood (above 60 years) 0e 0
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Furthermore, by keeping farmers of older age adult-
hood as base category, the negative co-efficient estimate
value indicates thatlog odds for farmer satisfaction from
water distribution decreased among farmers of middle
age adulthood (co-efficient estimate = —0.565, OR=0.57,
P = 0.028), and farmers of young age adulthood (co-
efficient estimate = —0.213,0R=0.81, P =0.479). Itisin-
terpreted from the odds ration that farmers from young
and middle age group are less likely to satisfy with irri-
gation water distribution than old age adulthood farm-
ers. Age based experience is an important factor in mak-
ing rational and informed decision related to irrigation
water management. Experienced farmer is well aware
of their water use right and are in better position to
plan and implement their irrigation schedule in an ef-
ficient manner. Age gradations at family level receive
distinct cultural and moral responses. Older adults re-
ceive the highest esteem and are responsible for over-
all strategic decision like participation in collective ac-
tivities and settlement of major disputes. The middle-
aged adults are generally responsible for planning and
supervising field’s level activities, while the young adult-
hoods are directly responsible for irrigating fields, clean-
ing water passages and ensuring smooth flow of irriga-
tion water through water channel (Dlangalala, 2009) 58],
The household is headed by old adulthood age group
farmers, who share some of their strategic responsibili-
ties with middle adulthood age group farmers to stream-
line their transition as household head [*°). The strategic
planning of irrigation water distribution involves safe-
guarding one’s own rights without interfering with ir-
Thus,
farming experience improves such skills of the farmers

rigation water related rights of other farmers.

that improve satisfactory co-existence with other farm-
ers and create a win-win situation for all stakehold-

ers[37,60,61]

4. Conclusions and Recommenda-
tions

It is concluded that collective and participatory ir-
rigation water management is focused on active involve-
ment of community members in planning, implement-

ing, controlling and overall management of irrigation wa-

ter distribution. The participatory approaches are so de-
signed to ensure active participation of all community-
level stakeholders and government agencies in irriga-
tion water management processes. This approach is
beneficial, successful, and motivating community mem-
bers from all segments of society to come up with their
problems and solve these problems by themselves. In
this way, some of the responsibilities of the irrigation
department are shouldered by community members,
as well. However, unwillingness of irrigation depart-
ment and powerful segment of community to share their
power and authority with the marginalize groups is po-
tential threats to collective participatory irrigation wa-
ter management. Yet active involvement of community
members and collective participatory irrigation water
management through cost and benefit sharing ensure
enhanced farmer’s satisfaction with water distribution.
Therefore, farmers from high socio-economic status are
more likely to be satisfied with irrigation water distri-
bution than those from low and middle socio-economic
status groups. Similarly, those farmers who participate
in irrigation management to somewhat or a greater ex-
tent are more likely to be satisfied with irrigation wa-
ter distribution while farmers from young and middle
age group are less likely to satisfy with irrigation wa-
ter distribution than old age adulthood farmers. There-
fore, this study recommends to establish irrigation water
committees at village level with representation from all
stakeholder groups to plan and implement the irrigation
plans in a participatory manner while taking special care
of marginalized farmers can reduce farmer’s dissatisfac-
tion with water distribution.
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