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Can participatory water management improve residents’
subjective life quality? A case study from China
Hulin Pan and Min Guo

ABSTRACT
Public participation is practiced widely in modern water management, but its effect on residents’
subjective quality of life (QOL) or happiness has not been revealed. In this research, using the
difference-in-difference (DID) model, the effect of participation in water management on residents’
subjective QOL or happiness is empirically researched based on data from China. The results show
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that the positive effect of participatory water management on residents’ happiness is quite
signiﬁcant and the extra effect of participation behavior on the participant’s happiness is outstanding
with the coefﬁcients 0.073 and 0.036 respectively which pass the signiﬁcance test. In addition,
according to the regression coefﬁcients of controlled variables, four demographic variables, namely
the age, health, education and income, also produce signiﬁcant effects on residents’ happiness. It is
concluded that both the result and procedure of participatory water management can really improve
the participants’ happiness. Extensive participation should be enhanced actively so as to increase
residents’ happiness.
Key words

| China, difference-in-difference method, participatory water management, subjective life
quality

INTRODUCTION
Currently public participation as a basic principle has been

Kesebir & Diener ; Richter ; Lyubomirsky &

accepted and implemented widely in modern water manage-

Boehm ; Joshanloo ). To reveal the effect of participa-

ment. Lots of studies have focused on participatory water

tory water management on residents’ QOL helps to deepen

resources management (Abdullaev et al. ; Korff et al.

understanding of the value and the motivation of partici-

; Kirono et al. ; Sanz et al. ; Furber et al. ;

pation in water management.

Graversgaard et al. ). However, can participatory

Existing research has revealed the procedural signiﬁ-

water management improve residents’ subjective quality of

cance

life? Few of the previous studies have answered this ques-

management. Hirsch et al. () conclude that the partici-

tion well. It will be quite important to answer this

pation process provides an opportunity of meeting and

question since improving the quality of life (QOL) is

discussion for stakeholders from different organizational

regarded as a major goal of policy and lifestyle (Schuessler

levels and thus promotes communication between these

& Fisher ), and the subjective QOL or happiness arising

organizations in the Uzbek (Amudarya) water management

and reﬂecting objective life conditions such as income, cog-

context. Kuper et al. () point out that the design of a

nition and relationship has been considered as the

joint drip irrigation project in Morocco can produce a

foundational goal of an individual life (Bentham ;

learning
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differential among stakeholders to help them make better

planning helps to identify efﬁcient solutions at lower

informed decisions. Korff et al. () emphasizes the

costs, namely increasing the cost-effectiveness (also see

importance of learning during participation. As a result

Wright & Fritsch ). Empirical evidence from Malawi

of learning, the following beneﬁts are ascribed to

suggests that the net annual agricultural income of the

participation: better quality decisions (also see Goharian

poor, youths and female-headed farms participating in the

& Burian ), better acceptance of decisions and so on.

scheme would have worsened had they not participated

The ﬁndings of Kirono et al. () show that the partici-

in the scheme ( Jumbe & Nkhata ). Undoubtedly,

pation process provides important information water

these resulting beneﬁts of participatory water management

supply and demand, a clear consensus and shared learning

can further promote related residents’ livelihood such as

of the water problem and identiﬁcation of adaptation

providing a safer water supply, suitable ecological environ-

options. Furber et al. () suggest that the shared vision

ment or increasing their income.

planning approach in water management ‘had some signiﬁ-

The existing studies have offered some insights into the

cant successes in terms of conﬂict management’. Obviously,

importance of participation in water management to resolve

the participation procedure of water management directly

water problems and then improve the objective living con-

promotes the participants’ objective QOL such as increasing

ditions of residents. However, few studies pay attention to

their cognition, harmonizing their relationship and enhancing

the effect of participation in water management on the par-

their capacity.

ticipants’ subjective QOL. According to procedure utility

More studies have focused on the resulting beneﬁts of

theory, humans can obtain some life satisfaction from both

participatory water management to resolve complex

the outcome and the procedure of their behaviors (Frey

water problems. Pan et al. () suggest that water use dis-

Benz & Stutzer ). So, maybe participation in water man-

putes and conﬂicts decreased substantially due to widely

agement provides subjective beneﬁt to the participants. In

established farmers’ water users associations (FWUA) in

order to verify this hypothesis, empirical research on

China (also see Apipalakul et al. ; Sanz et al. ).

FWUA of Ganzhou district, northwest China, is presented

According to the ﬁndings of Abdullaev et al. (), the

using the DID model and ordered probit simulation

foundation of the Union of Water Users (UWU) in Fer-

method. The research results will promote the comprehen-

ghana Valley has supported canal de-silting and reduced

sive understanding of the importance of participatory water

illegal water withdrawals from the canal. Zhang et al.

management and be of beneﬁt to more scientiﬁc decisions

() ﬁnd that FWUA have produced positive effects on

of water management.

saving water, settling water disputes, saving labor, improving the quality of irrigation channels, and enhancing the
water acquisition capacity of vulnerable groups in Zhanghe

METHODOLOGY

and Dongfeng irrigation districts of China. Based on a
meta-analysis of 47 case studies from North America and

Variables selection and measurement

Western Europe, Newig & Fritsch () ﬁnd that a
highly polycentric governance system rather than a

In order to simulate quantitatively the impact of participa-

mono-centric one yields higher environmental outputs

tory

(also see Brombal et al. ). After estimating quantitative

QOL, the participants’ self-reported happiness is taken as

beneﬁts of participation in irrigation systems in Cambodia,

the dependent variable, and participatory conditions as

Asthana () suggests that the stakeholders’ participation

independent ones in this empirical research. Because

produces better project outcomes. Fan et al. () suggest

the impact may be disturbed by personal characteristics

the participatory water management beneﬁt of promoting

variables such as health, income, education level, etc,

the adoption of micro-irrigation systems by smallholder

these factors are taken as the controlled variables.

farmers. Graversgaard et al. () suggest that the use of
water councils with stakeholder engagement in water
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questionnaire respondents by answering the question ‘On a

divided into two groups, one of which is named as the ‘treat-

scale from one to ten, where one is “very unhappy”, two

ment group’ whose numbers participate in the policy

“quite unhappy”, three “less unhappy”, four “slightly

decision, while the other is named as the ‘control group’

unhappy” and ﬁve “no feeling”, six “slightly happy”, seven

whose numbers are excluded from the decision-making pro-

“a little happy”, eight “more happy”, nine “quite happy”

cess. Secondly, the average relative variances of the property

and ten “very happy”, how happy are you with your overall

indicator of the two groups affected by this policy are calcu-

life?’ (Ryff & Keyes ; WHOQOL Group ; Dolan

lated respectively based on the investigation data before and

et al. ). The reliability and validity of this method of

after policy implementation. Thirdly, the difference between

measuring happiness have been conﬁrmed in related studies

the two relative variances is computed. This D-value is just

(Robinson & Shaver ; Ellison ; Fordyce ; Veen-

the net effect of the policy on this indicator variable of the

hoven et al. ). In this case study, the self-reported overall

‘treatment group’, if there are no systematic differences of

life satisfaction of residents is used to substitute for their self-

other factors affecting this variable in term of these two

reported happiness in order to make the respondents cor-

group samples. In order to clarify intuitively the idea of

rectly understand the meaning of happiness in the survey.

DID, Figure 1 is used as follows.

The participation condition of residents is a dump vari-

In the Figure 1, the Y-axis is denoted as the property

able, and its value is assigned as 0 when the respondent does

variable values affected by the policy, while the T-axis is

not participate in water management, and otherwise is

the time of the policy implementation. A0 A and B0 B are

assigned as 1. The controlled variables include gender,

respectively the varying curves of the property variable

age, health, education, and income and the values assigned
to them are shown in Table 1.
Research methods
The DID model is adopted seeing that this research
especially focuses on the extra effect of the participation
procedure in water management on the participants’ happiness. DID is used widely to simulate the net effect of a policy
on some property of a research object (Stancanelli ;
Zhou & Ye ; Woodridge ; Lechner ; Li et al.
). The basic idea of the DID method is described as
follows (Woodridge ). Firstly, the survey samples are
Table 1

|

Figure 1

|

Sketch map of DID.

The values assigned to the controlled variables

Controlled variables

Assigned values

Ages

Controlled variables

Assigned values

Health conditions

Controlled variables

Assigned values

Monthly income

Under 30

0

Healthy

0

Under RMB 2,000

0

30–39

1

Unhealthy

1

RMB: 2,000–3,000

1

40–49

2

RMB: 3,000–4,000

2

50–59

3

Education

RMB: 4,000–5,000

3

60–69

4

Primary education

0

RMB: 5,000 and more

4

70–79

5

Middle education

1

Genders

80 and older

6

Higher education

2

Male

0

Female

1
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average value of the ‘treatment group’ and the ‘control

In Equation (4), Zit is the variables vector of the other

group’ due to the effect of the policy over time. The time

observable intervention factors and λ is the parameter

points tb and ta are respectively when the policy just

vector of it to be evaluated; λ reﬂects the impact of the

begins to be implemented and when the policy effect is eval-

intervention variables on the dependent variable. The

uated after a period of time of the policy implementation.

meanings of other letters in this formula are the same as

Thus when A0 A is the parallel curve of B0 B, the extra

in Equation (2).

effect of the policy on the property variable average value
of the ‘treatment group’ can be expressed as Equation (1):

The residents’ happiness is a qualitative latent variable
and is not easily observed directly. The self-reported happiness of residents is an ordinal categorical variable in

(ya  y0a )  (yb  y0b ) ¼ ya  yc

(1)

this research. So, the model parameters are estimated
using the ordered probit model and maximum likelihood

The econometric model of DID is indicated by Equation

estimation developed by McKelvey & Zavoina ().
The estimation program of the model parameters is as

(1) generally.

follows.
Yit ¼ β 0 þ β 1 Xi þ β 2 Tt þ β 3 Xi Tt þ uit

(2)

The dependent variable denoted as Y is given as a continuous latent variable and a series of boundary values

In Equation (2), Yit as the dependent variable refers to

δ j (j ¼ 1, 2,…, j, …, m) divides its value range into several

the observed value of the affected property indicator of

intervals. A series of integer values of an ordinal categorical

sample i at time t. The independent variable Xi is a dump

variable denoted as Y 0 , namely 0, 1, 2, …, j, …, m, corre-

variable that denotes the attribute of the sample i and its

sponds to these value intervals. The congruent relationship

assigned value is 1 when the sample i belongs to the ‘treat-

between Y 0 and Y is shown as Y 0 ¼ j ≡ δ j1 < Y  δ j with

ment group’, otherwise it is 0. The independent variable Tt

δ0 ¼ ∞ and δm ¼ þ∞. Provided the vector denoted as X

is also a dump variable that denotes the attribute of the

is a series of independent variables affecting Yand β is the

time t, and when time t refers to ‘before the policy

undetermined parameter matrix, the linear regression

implementation’ the assigned value of it is 0, otherwise,

model of Yand X is shown as Equation (5):

when time t refers to ‘after the policy implementation’ the
assigned value of it is 1. The random error term uit reﬂects
the effect of other unobservable or controlled factors on
Yit , and β 0 , β 1 , β 2 , β 3 , as the model coefﬁcients, are the parameters to be estimated. Among these parameters, β 3 , as the
coefﬁcient of interaction item Xi Tt , reﬂects the net effect of
the policy on this indicator variable of the ‘treatment group’,
since the estimated value of β 3 can be expressed as Equation
(3) using Equation (2) according to the idea of the DID

Yi ¼ βXi þ ei

ei ∼ N(0, 1)

i ¼ 1, 2, . . . N

(5)

In Equation (5), the coefﬁcient matrix β and the boundary
values δ i are all the parameters to be estimated. And thus,
responding to Yi , the probability p of the value j of the ordinal
categorical variable Y 0i is expressed as Equation (6):
p(Y 0 i ¼ j) ¼ p(δ j1 < Yi  δ j )

(6)

model:
 11  Y
 10 )  (Y
 01  Y
 00 )
β^3 ¼ (Y

Putting the Equation (5) into Equation (6), Equation (7)
(3)

In order to check the robustness of the above estimations, other observable controlled variables are needed
to be brought into this model, and so Equation (2) is

can be obtained as the following:
p(Y 0 i ¼ j) ¼ p(δ j1 < βXi þ ei  δ j )
¼ p(δ j1  βXi < ei  δ j  βXi )
¼ Φ(δ j  βXi )  Φ(δ j1  βXi )

(7)

extended to Equation (4):
The undetermined parameters in Equation (7) are estiYit ¼ β 0 þ β 1 Xi þ β 2 Tt þ β 3 Xi Tt þ λZit þ uit
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and the maximum likelihood function needed is shown as

and vote on the water management proposals besides feed-

Equation (8):

ing back the ordinary water users’ opinions.

L(X1 , X2 , . . . , XN ; β, δ) ¼

N X
m
a

All of the variable data needed in this empirical research
come from the sampling questionnaire investigation of

zij [Φ(δ j  βXi )

the members of FWUAs in the case region in 2016. In

i¼1 j¼0

 Φ(δ j 1 βXi )]

(8)

order to ensure that the samples are representative, the

In Equation (8), zij is the identiﬁer, and zij is 1 whenYi is

Yuan () is adopted. During the sampling, four FWUAs

method of stratiﬁed random sampling recommended by
equal to j, while zij is 0 whenYi is not equal to j.

are drawn out at random from the eight in the case region,
and then the sample scale selected from each FWUA is ident-

Data sources and acquisition

iﬁed according to the proportion of its numbers accounting
for the total numbers in the case region and the total

In this empirical research, Ganzhou district from China is

sample size needed in this empirical research. And the

selected as the case region. This region lies in the arid north-

sample scales of the general water users and their representa-

west China, which is known as the most arid region.

tives in each FWUA are determined according to the ratio

Because of water-shortage, water-use conﬂict especially in

between them and the samples identiﬁed of these FWUAs.

rural irrigation areas has become more and more serious

In the actual investigation, 600 questionnaires including

with the rapid population growth and economic develop-

500 ordinary water users and 100 deputies were sent out to

ment in this region since 1980s. In order to alleviate the

the sample residents and the samples’ structure is roughly in

water conﬂicts, FWUAs have been founded widely as the

line with the population structure. The valid questionnaires

rural residents’ participation and consultation platforms of

taken back were 394 in total including 332 from the

water management since 2005. In each FWUA, the executive

ordinary water users and the others being from their

committee consists of one president and some executives

representatives. The total sample size and its structure sur-

selected from the water users’ representatives and is respon-

veyed meet the statistical inference requirements in this

sible for daily water management. This participatory

empirical research.

mechanism of water management has produced positive

In this empirical research, samples of the representa-

effects on resolving the local water problem (Pan et al. ).

tives of ordinary water users in the FWUAs are taken as

Before collecting the data on variables, the rural resi-

the ‘treatment group’, for their happiness may be affected

dents’ participation condition in water management of the

by the participation procedure due to their genuine partici-

case region had been investigated through interviewing.

pation in water management. And the samples of ordinary

The presidents of eight FWUAs in total had accepted our

water users in the FWUAs are regarded as the ‘control

interview. According to the interview results, almost all of

group’ which may not be affected by the participation

the rural water users had joined the FWUA under local

procedure but by the participation results. Based on the

government impetus, and as members of the FWUA, the

394 samples’ data the research results can be obtained

water users can be divided into two categories generally

using the DID model and ordered probit regression and

according to their participation degree in water manage-

are shown in the next section.

ment. One group is composed of the ordinary water users
and the other one consists of the representatives of the
ordinary water users. The ordinary water users do not

RESULTS AND DISCUSSION

really have the right of water management and are not
involved in the actual water management but elect their

Descriptive statistics analysis

own representatives. The representatives, however, have
the actual rights to elect and recall the president and the

As shown in Table 2, the average value of the residents’ self–

executive members of the FWUA, and to propose, discuss

reported happiness is 7.165 in 2016 and is higher by 1.413
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Descriptive statistics of happiness of numbers of WUA in Ganzhou district

Sample types

Happiness in
2005

Happiness in
2016

Differences

Whole samples

5.752 (0.22)

7.165 (0.18)

1.413** (0.27)

Ordinary water users
(control group)

5.733 (0.29)

6.849 (0.25)

1.116** (0.26)

Representatives in
WUA (treatment
group)

5.784 (0.18)

7.605 (0.15)

1.821** (0.16)

Differences

0.051**
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Ordered probit model regression results

Coefﬁcient

t-value

Marginal effect
(score 10)

β1

0.073**

3.57

0.027

β3

0.036*

2.29

0.018

0.028

1.38

0.014

0.065

1.35

0.035

Demographic variables
Gender: female
Age:
0.756**

0.705*

Notes: Standard errors in parentheses. Signiﬁcance levels: *0.05 < p < 0.10, **p < 0.05.

than the value in 2005 when the participatory water management policy began to be implemented. This means that
the residents’ happiness has been improved signiﬁcantly
on the whole since FWUAs were founded in the case
region. The residents’ happiness in both the ‘treatment
group’ and the ‘control group’ has increased during the participation policy implementation, and the added values are
respectively 1.821 and 1.116 with the difference being
0.705. This means that there may be an extra effect of the
participation policy on residents’ happiness of the ‘treatment
group’ relative to the ‘control group’. This net effect of participatory water management is signiﬁcant in the case region
according to the idea of DID, if there are no systematically

30–39
40–49

0.017

0.26

0.004

50–59

0.005

0.15

0.006

60–69

0.301**

3.44

0.124

70–79

0.364**

3.76

0.143

80 and older

0.326**

3.52

0.129

Health condition: bad

0.343**

5.67

0.147

Middle education

0.057*

2.19

0.033

Higher education

0.043

0.74

0.021

RMB: 2,000–3,000

0.059

1.49

0.025

RMB: 3,000–4,000

0.124*

2.37

0.046

RMB: 4,000–5,000

0.247**

3.46

0.084

RMB: 5,000 and more

0.195**

3.32

0.073

Observations

394

Prob>F

0.005

Education:

Monthly average income:

different impacts of other factors on the two groups of residents’ happiness. In addition, according to the standard

Signiﬁcance levels: *0.05 < p < 0.10, **p < 0.05.

errors in Table 2, the difference of residents’ self–reported
happiness is a little smaller in 2016 than about 10 years

As shown in Table 3, both the results and procedure of

ago, which means the differential of residents’ subjective

participatory water management in the case region produce

QOL has decreased slightly.

signiﬁcant effects on residents’ happiness. The coefﬁcient β 1
is 0.073, and passes the signiﬁcance test at the conﬁdence

Regression result analysis

level p < 0.05, which means that the participatory water
management has a positive effect on residents’ happiness

In order to test the robustness of the descriptive statistic

in the case region. The coefﬁcient β 3 of the interaction

results above, the intervention variables are incorporated

item is 0.036, and passes the signiﬁcance test at the conﬁ-

into the econometric model of DID, and then the par-

dence level 0.05 < p < 0.10, which means the procedure of

ameters are estimated using the ordered probit model and

participatory water management has a signiﬁcant net

the likelihood estimation method based on the software

effect on the happiness of ordinary water users’ representa-

SPSS 19.0. Before regression analysis, correlation analysis

tives in the case region. The marginal effects reﬂect the

is done to test the multicollinearity among the explanatory

proportion changes of persons belonging to the stated happi-

and control variables. The results show that there is no

ness levels when the independent variable increases by one

multicollinearity among the variables. The results are

unit. In this research, the marginal effect is evaluated with

shown in Table 3.

regard to the reference group. For brevity, only marginal
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effects for the top level of happiness (score 10) are shown in

having the same chance to be the water users’ representa-

Table 2. An increase of the proportion of participants

tives.

joining in FWUAs by one point raises the proportion of

intervention in FWUAs should be reduced, since the

the very happy residents by 2.7%. And 1.8% of residents

FWUA is the autonomous organization of farmers’ water

with maximum happiness increase when the proportion of

management.

And

meanwhile

the

excessive

administrative

ordinary numbers becoming deputies increases by 1%.
In addition, according to the coefﬁcients of controlled
variables in Table 3, four demographic variables, namely
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