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Abstract: Due to the increasingly devastating impact of pluvial flooding on human beings’ lives
and properties in cities, the use of green infrastructure to manage stormwater onsite is becoming
more popular worldwide. The maintenance of green infrastructure to ensure its function has become
one of the most pressing tasks facing policy makers. However, there is limited research regarding
the willingness to pay the stormwater fee as a form of maintenance funding. This study utilized
contingent valuation data obtained from a survey of 1101 respondents living in six pilot sponge
cities in China to estimate the willingness to pay for the green infrastructure maintenance. The
findings indicated that two-thirds of all respondents were willing to pay, 17% would like to pay
around 6–10 RMB/month (0.95–1.59 US dollars/month), and 17.8% would like to pay more than
20 RMB/month (3.2 US dollars/month). The educational level and age of the respondents were
significant determinants of the probability of willingness to pay and the amount they would like
to pay. Knowledge of the concept of sponge cities was another significant influencing factor for the
willingness to pay, but it did not influence the amount of payment. The findings could help policy
makers make better strategies regarding the maintenance of green infrastructure and its costs.
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1. Introduction
Continuous urbanization and global climate change have created great challenges for
the piped-drainage systems, causing cities around the world to suffer from waterlogging
or problems related to pluvial flooding [1–3]. The concept of green infrastructure (GI)
stands for interconnected networks of all kinds of green spaces [4], including raingardens,
bioswales, detention or retention ponds, etc. GI is often used to tackle climate change
impacts by favoring infiltration, reducing runoff volumes, and providing reliable and
efficient adaptation measures [4–6]. GI in general has become an important method of
reducing flood risk by mimicking the natural process to deal with stormwater onsite [7–9],
and it helps to achieve both development and environmental protection [10].
It has been reported that maintenance is of significance for ensuring GI functions
effectively [11–15]. In early 2008, it was reported that to keep wet ponds functioning,
routine monitoring and regular sediment cleaning are necessary [16]. Asleson et al. (2009)
found that 12 rain gardens in Minnesota, USA did not function due to a lack of maintenance [17]. After investigating 279 stormwater management facilities along highways in
Prince George’s County, Maryland, USA, Li (2015) reported that extensive maintenance
was needed for these facilities [18]. Reyes et al. (2018) reported that infiltration trenches
exhibited a decrease in pollutant reduction two years after their construction due to aging
and lack of proper maintenance [19]. Even if regular maintenance and management are
carried out, the effectiveness of GI (such as permeable paving and detention ponds) would
be weakened over time [20].
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However, lack of maintenance funding has become a common question in many
countries in terms of water infrastructure [21,22]. It is reported that the maintenance cost of
GI is high [1,23–25], which limits its wider implementation [1,26]. To ensure the normal
operations of GI, a large amount of professional and technical personnel need to be engaged
for its maintenance and management. It was reported that the maintenance fees associated
with bioswales is one of the main concerns for the citizens of Portland, USA [10].
Similarly, the Chinese pilot sponge cities also suffered from a lack of maintenance
funding [15,27]. In 2014, the Chinese government created the Sponge City Initiative [28],
which aims to manage stormwater using a natural process of storing, infiltrating, and
purifying stormwater [15]. In 2015, 16 cities were selected as pilot sponge cities, with
another 14 cities selected in 2016. The pilot sponge cities constructed GI facilities in their
demonstration zones (including parks, roads, communities, etc.). In 2019, all 30 pilot
cities completed the construction of pilot projects. Currently, the piped-drainage systems
are maintained by the municipal department in accordance with the Chinese national
standard “Technical Regulations for Operation, Maintenance and Safety of Urban Drainage
Pipes and Pumping Stations” (CJJ68-2016). However, no department is responsible for the
maintenance of the sponge cities’ GI facilities. Although many GI facilities were built more
than five years ago, according to an official from the Sponge City Leader Office in Xi’Xian
New Area, there was no maintenance implemented after the construction of sponge city
facilities in the city. Based on site visits to several pilot sponge cities, we found that many
GI facilities had broken or were choked with silt, especially the GI facilities built in old
residential areas. The Chinese government provided extensive funding for the construction
of pilot sponge cities, but no financial support has been given to the maintenance of these
sponge city facilities.
Collecting stormwater fees has been suggested as a dedicated and stable source for
covering the maintenance funding [3,29,30], which has been done in Australia, Canada,
Germany, and the United States [1,29–33]. Generally, stormwater management facilities rely
on government funds, but the funds normally have restrictions on their use for stormwaterrelated activities [3]. Stormwater fee can be used for directly covering maintenance funding.
In interviews with personnel from the Sponge City Leader Office in Xi’Xian New Area and
Zhenjiang (pilot sponge cities in China), the possibility of collecting stormwater fees from
residents as the source of GI maintenance funding was discussed, but no conclusion has
yet been made.
Some researchers have conducted surveys on the willingness to pay (WTP) for the
construction or implementation of green spaces [5,34–37]. For the Sponge City Initiative,
studies on public preferences for urban stormwater management plans, policies, design,
and creation of facilities have been conducted [38–41]. However, until now, only one
research project has been reported to evaluate the public WTP for the life-cycle maintenance
of sponge city facilities based on a survey of 453 samples in three pilot sponge cities in
China [42]. In general, they found that most people (76%) would like to pay for the
maintenance fee. However, to make a suitable policy of GI maintenance, more opinions
from the citizens are necessary. In addition, in 2021, the Chinese government announced a
desire to “enhance urban flood control and drainage capabilities, and build sponge cities”
in the outline of the 14th Five-Year Plan (2021–2025) [43]. Thus, in the future, a large amount
of funds and resources will be invested in future sponge city construction. To ensure the
effectiveness of sponge city construction and to avoid loss of investment, maintenance
of GI needs to be a central concern. Thus, it is meaningful to study the public’s WTP for
the stormwater fees as GI maintenance funding and its influencing factors. This study
will provide suggestions for how policy makers can make better strategies regarding the
maintenance of GI and its costs.
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2. Methodology
2.1. Data Collection
By using of the contingent valuation method, one can use survey questionnaires to
ask people to state their WTP preference in order to see improvements or avoid a decline
in the quality or quantity of public goods, including environmental goods [37]. We used
this method to investigate the public’s perceptions on the maintenance of GI and their
attitudes toward paying a maintenance fee. The method has been used in many similar
studies [1,3,21,37,42,44–47]; Thus the method is well described and tested, but to our
knowledge has not been applied in assessing willingness to pay for GI maintenance.
The survey questionnaire in this study consisted of four parts. First, the respondents
were informed of the purpose of the study. Secondly, the respondents were asked to
provide sociodemographic information, including gender, family’s monthly income, job,
age, and education level. In contingent valuation investigations, respondents’ social and
demographic features are frequently involved to test whether they have any effect on the
public’s WTP under different scenarios [42]. In the third part, the respondents’ cognition
toward sponge cities was investigated. If they reported knowledge of the concept of sponge
cities, then they were asked to explain where and how they had obtained the information
and their assessment of how the local sponge cities worked to ensure they had a full
understanding of the concept. If they did not have previous knowledge of sponge cities,
the survey staff would explain the sponge city concept briefly and show them pictures
to explain how sponge city facilities work. Further, the respondents were asked if the
residence areas where they live were rebuilt with sponge city facilities. In the fourth part,
the respondents were asked whether they were willing to pay for the GI maintenance as
well as the amount of money they would potentially be willing to pay.
The questionnaire-based survey was carried out through face-to-face interviews with
citizens from six pilot sponge cities (Chongqing, Nanning, Pingxiang, Qingdao, Xi’Xian
New Area, and Zhenjiang) from June to August 2021. The chosen case cities all represent
the first batch of pilot sponge cities and are in different climate zones in China (Figure 1).
All the cities were reported to have conducted relevant work on the construction of sponge
cities. When conducting the questionnaires, we selected three kinds of places, specifically
communities having built sponge city GI facilities, shopping malls in the city center, and
local parks with sponge city GI facilities. Since income was reported as an influencing
factor of WTP by many studies [25,44,46,48], the respondents under the age of 18 or with
no income were not included. In addition, we avoided the respondents’ who were renting
apartments, considering that housing tenure may influence their WTP. We collected all the
information from the questionnaires into an Excel sheet, and questionnaires without full
information were not included. In total, we had 1101 effective respondents.
2.2. Data Analysis
2.2.1. Binary Logistic Regression
SPSS 24.0 was used to analyze the data. First, the frequencies and percentages were
calculated in terms of (i) the respondents’ sociodemographic information (including gender,
age, educational level, and family’s monthly income), (ii) whether or not the respondents
had previous knowledge of the sponge city concept, (iii) whether their communities have
sponge city facilities, (iv) the places (communities having built sponge city GI facilities,
shopping malls in the city center, and local parks with sponge city GI facilities) where the
questionnaires were conducted, (v) the case cities where the questionnaires were conducted,
(vi) the WTP, and (vii) the amount respondents are willing to pay. Then, a bivariate
correlation analysis was done between WTP and the variables of gender, age, education
level, family’s monthly income, previous knowledge of the sponge city concept, knowing
whether the respondents’ communities had built sponge city GI facilities, the respondents’
geographical locations, as well as the pilot cities where the respondents conducted the
questionnaires. Lastly, a binary-choice logistic model was used to analyze the influencing
factors of WTP. The respondents’ decision of whether to pay or not took the form of
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dichotomous variables, which could be solved using a cumulative probability distribution
function, while a logistic fit model was used to analyze the survey data [37]. Therefore,
the binary logistic model in SPSS 24.0 was used to analyze the probability of WTP and its
correlated variates. The respondents’ WTP was set in a binary form (YES = 1, NO = 0). The
WTP was set as a dependent variable and the recognized correlated influencing factors
Water 2022, 14, x FOR PEER REVIEW
4 of 12
were set as independent variables. The data was analyzed with a 95% confidence interval
and Hosmer–Lemeshow goodness-of-fit test.
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level, respondents with vocational-technical college degrees (24.7%) or bachelor’s degrees
(29.2%) accounted for the largest proportion. A total of 620 respondents or 56.3% of the
total respondents reported family monthly income of 5001–10,000 RMB (approximately
793–1587 US dollars). Meanwhile, 56.8% respondents replied that they knew of the concept
of sponge cities, while 43.2% had never heard the concept. Approximately 67% expressed
their WTP for the maintenance of sponge city GI facilities. Of the respondents, 13.7% would
like to pay 1–5 RMB/month, 17% would like to pay about 6–10 RMB/month (0.95–1.59 US
dollars/month), and 17.8% would like to pay more than 20 RMB/month (about 3.2 US
dollars/month).
Table 1. Profiles of respondents’ demographic information and WTP.
Items

Status

Frequency

Percentage

Gender

Female
Male

582
519

52.90%
47.10%

Age

18
19–25
26–35
36–45
46–55
56–65
>65

5
147
361
253
173
76
86

0.40%
13.40%
32.80%
23.00%
15.70%
6.90%
7.80%

Education level

Primary school
Middle school
High school
Vocational-technical college
Bachelor’s
Master’s and PhD

86
180
201
272
321
41

7.80%
16.30%
18.30%
24.70%
29.20%
3.70%

Family’s monthly income
(RMB/month)

1500–5000
5001–10,000
10,001–15,000
15,001–20,000
>20,000
Missing value

219
620
154
61
39
8

20%
56.30%
14.00%
5.50%
3.50%
0.70%

Previous knowledge of
the sponge city concept

No
Yes

476
625

43.20%
56.80%

Willingness to pay (WTP)

No
Yes

367
734

33.30%
66.70%

Amount willing to pay
(RMB/month)

Wouldn’t like to pay
1–5
6–10
11–15
16–20
21–30
31–50
51–100
>100

367
151
187
120
80
53
70
55
18

33.30%
13.70%
17.00%
10.90%
7.30%
4.80%
6.40%
5.00%
1.60%

(1 US dollar ≈ 6.3 RMB).
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Figure 2. Profiles of respondents’ demographic information and WTP.

3.2. Factors Influencing Respondents’ WTP
The bivariate correlation analysis showed that gender, age, education level, family’s
monthly income, and previous knowledge of the sponge city concept influenced the
respondents’ WTP. Based on the binary logistic model, the variables age, education level,
and previous knowledge of the sponge city concept significantly influenced the respondents’
WTP. The results are shown in Table 2.
Table 2. Results of factors influencing respondents’ WTP.
Variables

B

Standard Error

Wald Statistics

Significance

EXP(B)

Age
Gender
Previous knowledge of the sponge
city concept
Education level (Primary School)
Education level (Middle School)
Education level (High School)
Education level (Vocational-Technical
College)
Education level (Bachelor’s)
Education level (Master’s and PhD)
Constant

−0.20
0.266

0.006
0.137

12.919
3.781

0.000
0.052

0.980
1.304

0.291

0.139

4.368

0.037

1.337

0.604
0.502

0.277
0.284

24.440
4.743
3.122

0.000
0.029
0.077

1.829
1.652

0.660

0.289

5.231

0.022

1.935

1.308
1.196
0.513

0.305
0.481
0.394

18.428
6.174
1.689

0.000
0.013
0.194

3.699
3.307
1.670

B represents partial regression coefficients; EXP(B) represents odds ratio.

With an increase in the respondents’ age, there was a decrease in WTP for the maintenance of GI facilities. The male respondents were more likely to pay for the maintenance
of GI facilities, which was 1.304 times more than the female respondents, though there
were more female respondents (52.9%). If the respondents had previous knowledge of the
sponge city concept, their WTP was 1.337 times higher than those who did not know the
concept. Meanwhile, educational level also influenced the respondents’ WTP significantly.
The WTP of respondents who had received a bachelor’s degree or postgraduate education
were 3.669 and 3.307 times higher, separately, than those who had only graduated from
primary school.
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3.3. Factors Influencing Amount Respondents’Are Willing to Pay
Based on the multiordinal logistic regression, the factors influencing the probability
of the amount respondents are willing to pay were analyzed and the results are shown
in Table 3. The variables in terms of gender and previous knowledge of the sponge city
concept did not influence the probability of the amount respondents are willing to pay.
The age of the respondents influenced the willing to pay amount significantly. In each
level of willing to pay amount, the probability decreased with an increase in respondents’
age. Education level was another influencing factor for the probability of the willing to
pay amount. Especially for the level of amount 16–20, 51–100, and >100 RMB/month,
the higher the respondents’ education level, the probability of the willing to pay amount
was higher. In addition, for those who would like to pay more than 100 RMB/month, the
family’s monthly income is a significant influencing factor (Table 3).
Table 3. Results of factors influencing the amount respondents are willing to pay.
Willing to Pay
Amount a
(RMB/Month)

Factors

B

Standard Error

Wald Statistics

Significance

EXP(B)

6–10

Age

−0.22

0.009

5.759

0.016

0.978

11–15

Age

−0.54

0.012

19.858

0.000

0.948

−0.048
−3.939
−2.723

0.014
1.323
1.153

11.318
8.870
5.578

0.001
0.003
0.018

0.953
0.019
0.066

16–20

Age
Education level (Middle School)
Education level (High School)
Education level (Vocational-Technical
College)
Education level (Bachelor’s)
Education level (Master’s and PhD)

−2.141

1.111

3.710

0.054

0.118

−1.422
0b

1.111

1.639

0.200

0.241

21–30

Age

−0.050

0.017

9.062

0.003

0.951

31–50

Age

−0.024

0.013

3.147

0.076

0.976

−0.084
−2.142
−2.358

0.018
1.211
1.178

21.684
3.128
4.009

0.000
0.077
0.045

0.919
0.117
0.095

51–100

Age
Education level (Middle School)
Education level (High School)
Education level (Vocational-Technical
College)
Education level (Bachelor’s)
Education level (Master’s and PhD)

−2.372

1.144

4.296

0.038

0.093

−1.749
0b

1.138

2.362

0.124

0.174

Age
Family month income
Education level (Vocational-Technical
College)
Education level (Bachelor’s)
Education level (Master’s and PhD)

−0.072
0.042

0.026
0.020

7.512
4.282

0.006
0.039

0.930
1.043

−2.970

1.262

5.533

0.019

0.051

−2.867
0b

1.272

5.081

0.024

0.057

>100

a

reference category: <5 RMB/month.

b

means the education level (Master’s and PhD) is the reference category.

4. Discussion
4.1. The Influence of Demographic Information
4.1.1. Age
As shown in Section 3.2, age was a significant determinant for the probability of WTP
for the maintenance of the sponge cities’ GI facilities. The respondents’ WTP decreased
with increasing age, while previous studies have reported similar results showing age
having a significant negative impact on respondents’ WTP [21,37,42,49,50]. In addition,
we found that age can also influence the willing to pay amount, where an increase of
age decreases the probability of the willing to pay amount. This is in line with other
studies [37,40,42,50]. The Chinese government announced the old residential areas would
be rebuilt in the outline of the 14th Five-Year Plan (2021–2025), providing a chance to
incorporate GI during the rebuilding process. In many pilot sponge cities, the construction
of GI facilities was applied in connection with the reconstruction of old residential areas,
which usually housed elderly people. Thus, funding GI maintenance via a fee in old
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residential areas is likely to meet challenges, as the older population, according to our
findings, are generally less likely to pay it.
4.1.2. Gender
Normally, gender is an influencing factor for public perceptions, acceptance of certain
issues, and WTP [40,51]. Our study showed that male respondents were more likely to pay
for the maintenance of the sponge cities’ GI facilities than females. Similarly, a mail survey
of consumers in Northern Virginia and Washington, D.C. looking at improved drinking
water quality and infrastructure showed that males are more likely to be willing to pay to
support it [21]. It was also reported that male respondents were more likely to pay than
their female counterparts to improve municipal water in southeast Anatolia, Turkey [52].
However, the influence of gender can vary from case to case. A survey of professionals
involved in sponge city implementation in South China showed that female professionals
were more supportive of the sponge city implementation than male professionals [53].
A study regarding households’ WTP for maintaining and improving water supplies in
Mexico City also reported that female respondents were, in general, more likely to respond
positively [54]. In addition, a contingent valuation study about WTP for sustainable
drainage systems in Hong Kong showed no significant difference in terms of respondents’
genders [50]. Regarding the amount respondents are willing to pay, gender was not a
significant influencing factor in our study. This result is in accordance with findings by
Chui et al. (2016) [50].
4.1.3. Education Level
Education level was shown to have a significant influence on the respondents’ WTP in
this study. This bears similarities with other studies, which have also reported that the probability of WTP increases with an increase in level of education [1,21,40,45,48,55,56]. Ding
et al., (2019) conducted a similar contingent-valuation investigation looking at the WTP of
life-cycle maintenance of sponge city facilities in three pilot cities, Shenzhen, Zhenjiang,
and Xi’an (two of them are case cities used in our study) in China with 481 respondents [42].
However, they reported that education level had no relationship with WTP. Their result was
opposite with our findings and other studies [1,21,40,45,48,55,56]. In addition, Ding et al.,
(2019) found that the level of education and family income had no significant effect on
the amount respondents are willing to pay. However, based on our findings, as shown in
Section 3.3, education level had a significant positive effect on the amount respondents are
willing to pay. Ding et al., (2019) explained that their distinct results might be due to the
lack of respondents with low-level education and household income in their study. Thus,
the general level of educational must be regarded as a significant factor, also in relation to
the potential implementation of fees for GI maintenance.
4.2. The Influence of Perceptions on the Sponge Cities Concept
In a previous study, a survey conducted by Tanellari et al. (2017) showed that consumers’ risk perceptions can affect their WTP for water quality improvement programs [21].
A study of the actual behaviors and attitudes of 71 relevant stakeholders towards water
related GI in three Italian regions and one French region in the northwestern Mediterranean
showed that the main limitation to water related GI adoption was due to an absence of
knowledge of the GI solutions [5]. Similarly, Xie et al., (2020) found that the recognition
of the sponge city concept as a sustainable way for stormwater management is important
for achieving professional advocacy for the sponge cities’ policies and their implementation [53]. This is in accordance with our results shown in Section 3.2; if the respondents had
previous knowledge of the concept of sponge cities, they were more likely to be willing
to pay for the maintenance of GI facilities. Thus, information campaigns or education
programs regarding the sponge city concept for professionals and the public are of significance for increasing the WTP for GI facility implementation and maintenance [1,50,53,56].
However, as shown in Section 3.3, the amount respondents are willing to pay was not
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significantly influenced by their perceptions of the sponge city concept. Thus, the public
was willing to pay for the maintenance, but the amount respondents are willing to pay may
not cover the actual maintenance costs.
4.3. Potentials to Improve the Maintenance Situation of GI Facilities
Stormwater fees are important to maintain the public stormwater system, and it is a
way for communities to share the cost of a public service to decrease the negative impacts
of urbanization and climate change [30]. As mentioned above, most of the respondents
would like to pay a maintenance fee for GI, but the amount of payment may not cover the
actual maintenance costs. A study in Pakistan showed that cash support programs can help
to increase the willingness to participate in environmental services at the household and
community levels [36]. Meanwhile, researchers reported that the maintenance of public and
private urban GI can provide significant employment [57]. Therefore, government financial
support combined with residential stormwater fees might be a potential solution for the
maintenance of GI in existing and future sponge city initiatives in China. In addition, due
to COVID-19, citizens were confined to their dwellings or communities; a survey of citizens
living in 35 different countries showed that respondents missed having a garden during
the confinement and the outdoor space value increased after the confinement, and the WTP
for an accessible green roof increased [35]. This may increase the WTP for GI maintenance.
In our study, we did not consider the influence of COVID-19, but in future studies, the
influence of COVID-19 on the WTP for GI or GI maintenance should be considered.
5. Conclusions
In this paper, we aimed to explore whether the residents of pilot sponge cities are
willing to pay stormwater fees to fund the maintenance of GI facilities. We found that most
of the respondents had a positive attitude towards paying for maintenance activities, and
67% of the respondents were actually willing to pay. Of the respondents, 17% would like to
pay about 6–10 RMB/month (0.95–1.59 US dollars per month), and 17.8% would like to pay
more than 20 RMB/month (about 3.2 US dollar per month). Therefore, decision makers
can view stormwater fees as one of the maintenance funding sources for future sponge city
maintenance programs.
Respondents with a higher educational level were more likely to pay, while the age
of respondents had a negative impact on their WTP. The findings are in accordance with
most of the previous contingent-valuation studies. This indicates that maintenance funding
would still be a challenge in the residential areas with mostly elderly residents.
As knowledge of the concept of the sponge cities can increase the respondents’ WTP,
more public education and information campaigns on the importance of maintenance for
the sponge cities’ GI facilities would be helpful. In the future, more research on public
contingent valuation of stormwater fees as maintenance funding should be conducted in
different cities, as well as adapted to other parts of the world for comparison.
There exists some limitations in the study. Although we selected three kinds of places
to collect questionnaires, the number of questionnaires collected from the three places
were not equal. Due to COVID-19, the questionnaires collected from the communities
having built GI facilities were comparatively less. In addition, the respondents who rent
apartments were not included in this study. In the future, it would be interesting to
understand their WTP for GI maintenance.
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