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Abstract. Ningbo is a coastal megacity located at the East Coast of China and 

developing rapidly with proactive trading and export economic activities. The 

city owns a ranked top ten international port and it is the major strategic spot of 

21st century maritime Silk Road from the “Belt and Road” policy established for 

promoting further international trades and developments. In future, populations 

and economy in Ningbo are expected continuously growing in the next few dec-

ades. The demand of quality freshwater resources thus is enormously increasing. 

Ningbo municipal government has established the “Five water management” (五
水共治) policy in 2013 that aims to manage (i) sewage discharge; (ii) flooding; 

(iii) surface water; (iv) water conservation and (v) freshwater supply. Indeed, the 

municipal government also liaised and initiated the “Sponge City Program” after 

2015 that Ningbo was selected as one of the pilot city; these policies and practices 

are successful up to now. This article adopts the case study of Ningbo to investi-

gate the reasons of municipal government to promote the policy, to understand 

the public perception of this water management policy in Ningbo through con-

ducted semi-structured interviews. During the 2017 and 2019, we conducted a 

questionnaire (N=110) and interviews (N=10) that follow up for justification of 

the public perception with the local communities. Our findings indicated that the 

communities had not been engaged closely with these practices, but generally 

supporting these two urban water management practices; and agreed that the ur-

ban water conditions (urban floods and pollution) had been improved. Also, the 

article discusses whether these (5 Water and SCP) practices can be extensively 

applied in other Chinese cities. We will provide recommendations at the end of 

the article. 
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1 Introduction  

In recent years, China has undergone rapid economic and social development, and one 

of the negative consequences is the severe environmental pollution [1]. This is espe-

cially the case in Ningbo, which is one of the most developed areas and rich in water 

resources. It has been reported that the water qualities in many rivers in Ningbo are 

Grade 5, and water scarcity problems also occur because of water quality and fast de-

velopment [2]; these lead to deterioration of ecological system. Furthermore, as a 

coastal city, Ningbo suffers from typhoons which can cause severe flooding. The prob-

lems of water scarcity, water pollution, and deterioration of ecological system have 

become an increasingly prominent concern of Ningbo residents, also the municipal gov-

ernment at Ningbo and extensively to the provincial level for Zhejiang province. For 

instance, there was a TV program called “Find a river where you can swim in”, which 

caused a huge impact, and also gained the attention of the government [7]. 

 

Considerable effort has been made for better water management in Zhejiang province. 

For example, water supply project for tens of millions of farmers, water resources pro-

tection project, and seawall project. These have launched a solid foundation for the 

proposal and deployment of the ‘Five Water Management’. The government has fully 

understood the weakness of existing water management. Water problems are complex 

and not independent. The main problem in the water management is the multi-sector 

involvement, which may cause contradictions among institutions and stakeholders [3]. 

The functions of rivers and hydraulic structures are regulated by different departments 

for various purposes. For example, Water Conservancy Department is concerned with 

the flood control; however, environmental protection authorities are concerned with 

water qualities. As the most economically developed area in China, Zhejiang province 

has received high expectations from the central government. The Zhejiang provincial 

Party committee put forward the strategic deployment of ‘Five Water Management 

Plan’, which includes (i) sewage discharge treatment; (ii) flood control; (iii) waterlog-

ging discharge; (iv) freshwater supply and (v) water conservation at the fourth plenary 

session of the thirteenth central committee. It should be noted that the ‘Five Water 

Management Plan’ is not a single administrative activity, but a public policy with com-

prehensive management tasks including a series of economic development, environ-

mental protection, and city transformation that aligns with the Sponge City Program 

(SCP) in Ningbo which has been selected as one of the pilot cities for adapting the 

sustainable urban stormwater management practice by Sponge infrastructure and 

achieve multiple benefits [4], which were supported by relevant legislation practices to 

deliver better urban water management strategies.  

The aim of ‘Five Water Management’ is to reach the harmonious state of human and 

water for sustainable development. This will further force transformation and upgrade 
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of industry. The implementation schedule of the ‘Five Water Management’ plan in dif-

ferent time scales is: solving urgent and prominent problems in 2014-2016, and achiev-

ing some improvement; solving the fundamental problems in 2014-2018, and achieving 

significant improvement; solving all the problems and achieving a qualitative change 

in 2014-2020. The ‘Five Water Management’ shows the determination of Zhejiang gov-

ernment to solve these water environment problems. Zhejiang province serves as a pilot 

for other provinces in China.  

 

Therefore, this paper aims to investigate the current five water management plan and 

SCP at the case of Ningbo; this aim will be followed by some specific objectives. First, 

we are investigating the detailed background of Fiver water management and reviewing 

the current progress of the ‘Five Water Management’ and SCP at Ningbo. Second, we 

would like to review whether these policy plans are successful and whether the other 

cities can learn from this plan. Third, we would like to provide justification from our 

interviews and questionnaire to triangulate and validate current practices and offer rec-

ommendations for integrated water management in China. 

 

2. Literature review and background   

2.1 Fiver Water Management  

Ningbo Municipal Government has thoroughly implemented the provincial and munic-

ipal ‘Five Water Management’, encouraging all counter parts and residents to engage, 

boosting innovation and establishing a more comprehensive urban water supply and 

wastewater treatment system. The final goal is to force economic and social transfor-

mation and development by water management, and remarkable results have been 

achieved [15].  

2.1.1 Infrastructure reinforcement (治水强基 in Chinese) 

After Typhoon Fitow, Ningbo government has determined to reinforce the infrastruc-

ture to protect the city from flooding. Ningbo has invested a large amount of money for 

engineering measures such as the construction of riverbanks and reinforcement of hy-

draulic structures. For the flooding problem, the main approaches include construction 

and reinforcement of river banks, drainage channels, and also hydraulic structures such 

as reservoirs, gates and pumps. Hundreds of kilometres of river banks of Yong Jiang 

and other rivers that go to sea directly have been constructed.  Besides, flooding dis-

charge channel networks ranging 28 kilometres were also constructed. The obstacles 

(e.g. garbage, pollutants from domestic and industrial sources) in the river, which affect 

the flood discharge, were removed [18, 22].  

2.1.2 Zero sewage discharge into rivers  
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For the environmental pollution, Ningbo government has tried to reduce the pollution 

from the source. Factories that discharge exceeded polluted water or waste has been 

required to upgrade and introduce new technology to reduce pollution. Major polluting 

industries were commanded to close and move. Pilots of zero sewage discharge areas 

have been established, and zero sewage discharge strategy has been promoted in 

Ningbo. The Municipal Ningbo Government worked to identify the characteristics of 

rivers including the back utilization, bridge information, sewer discharge arrangement, 

fishery, and rubbish disposal along the river, the green plant covering, livestock, and 

reclamation depot. Comprehensive measures were taken to control rural pollution from 

non-point sources and pollution from livestock and poultry farming. Furthermore, 

Ningbo has set pipelines to collect the foul water especially in rural areas [18].  

 

2.1.3 Existing pollution control 

For seriously polluted rivers, dredging, water transfer and ecological remediation and 

ecological restoration has been used. Ecological revetment has been utilized in rivers 

in rural areas [19, 20]. 

 

2.1.4 Policy innovation 

In July, 2018, China’s Ministry of Water Resources announced a new measure- River 

chief mechanism, aiming to improve China’s water governance by overcoming the 

drawbacks of multi-sector management. It had been successfully implemented across 

most provinces in China. The “River Chief” mechanism places responsibility for pro-

tecting bodies of water squarely on the shoulders of government officials. According 

to China Daily [21], over 300,000 officials have been appointed as river chiefs around 

the country, operating on the provincial, city, county, and township levels, and another 

760,000 have been designated at the village level.  

 

River chief policy is well implemented, and the performance of the river chief is an 

important indicator for their career promotion is their job [21]. River Chiefs are well-

placed to coordinate various governmental departments to improve the efficiency and 

efficacy of a multitude of water-resource management efforts, and now to face clear 

consequences if they fail to maintain or improve water quality in their assigned areas.  

  

This policy does address part of the current problem with water governance in China, 

which is the question of inter-jurisdictional cooperation. River Chief policy is an “in-

genious” method of using Party hierarchy as a lever to improve coordination between 

various government organs [23]. The system is a massive undertaking, with the poten-

tial to dramatically improve the quality and integrity of China’s water resources, and 

provides effective water management tackling collaborative issues in the Chinese con-

text, but its long-term effects and sustainability remain to be determined [23, 24].  
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2.2 Sponge City Program  

The Sponge City Program (SCP) was initiated in 2013 and the function is parallel to 

some global best practices, such as the “Low Impact Developments” (LID) in the USA 

[5]; Sustainable Urban Drainage Systems (SuDs) [6, 7] and the Blue-Green Cities 

(BGCs) [8] in the UK; and Water Sensitive Urban Design (WSUD) in Australia [9] or 

Low Impact Developments Urban Design (LIDUD) in New Zealand. The SCP is re-

quired to (i) adopt BGI and SuDs such concepts which improve the effective control of 

urban peak runoff, and storing and filtering stormwater; (ii) upgrade traditional engi-

neered drainage systems (e.g. construction of tanks and tunnels); and improve current 

land-drainage protection standards to balance peak discharges and to alleviate storm-

water (to achieve 1-in-30 years return period protection standard); and (iii) reassure 

multi-functional objectives in drainage design and in achieving good ecosystem ser-

vices [10, 11]. The SCP infrastructures in Chinese pilot cities (selected pilot 30 cities) 

that adopted, for example, artificial wetlands, ponds, green-roofs, bio-swales, rain gar-

dens, pervious pavements, these infrastructures were normally often designed to en-

hance natural hydrological response and improve natural soil infiltration, stormwater 

retention, storage, purification, recharge groundwater and improve water quality of the 

runoff [12, 13]. Certainly, Xia, Zhang [14] indicated that the SCP development is able 

to deliver better urban water management and achieve sustainable development goals 

by encouraging ecological, social and economic perspectives to integrate with the urban 

drainage and master plans in Chinese cities. Ningbo is selected as one of the pilot city 

in the SCP in 2015 and constructed several SCP infrastructures sites (including Eco-

corridor in New East Town (NET), and Cicheng Park, etc.) (see Fig. 1).  

 

 
Fig.1. SCP site locations in Ningbo as interviews and questionnaire sites for this study (Locations 

A: New East Town; B: Ci Cheng Park; C: Sanjiangkou Park; D: Yinzhou Park; E: Nan Tang Old 

Street) (Source: authors) 



6 

3. Methods  

3.1 Questionnaire  

 

Questionnaire is an effective and popular method to study perceptions, attitudes, 

viewpoints and foresights [15]. In this study, a questionnaire was conducted to gain 

an initial understanding on public perspectives on the ‘Five Water Management’ and 

SCP in Ningbo. The questionnaire was developed according to the research ques-

tions and targeted understanding about the opinions, perceptions and viewpoints of 

the development of both urban water management strategies (Five Water Manage-

ment and SCP). Since both water management practices are related to addressing 

urban water issues. The questionnaire consisted of the following parts: 

a. General questions (e.g. the information from the communities: age, education 

background, residential location, gender); 

b. Public perceptions on SCP  

c. Public perceptions on ‘Five Water Management’ (e.g. urban river restoration, 

SCP and Five Water Management) 

d. Sustainability issues (e.g. social-economic, ecology and wellbeing) in SCP 

e. Future foresights on climate change and public participation  

Key Question 1: Interviewees’ perception on connections between ‘Five Water Man-

agement Plan’ with SCP projects? 

Key Question 2: Interviewees’ viewpoints on future SCP should be continued? 

 

The survey sites for questionnaires were selected from the SCP projects location in 

Ningbo (see Fig.1) as for investigating the communities who are living in that area 

or commonly using these SCP facilities (e.g. Sponge urban parks, Sponge healthy 

running tracks, Sponge artificial ponds and wetlands.). The survey was conducted 

by paper-style format, the data collection and sampling period was from June to Au-

gust 2017. Due to the limited labour resources and weather conditions, this study 

managed to conduct 110 questionnaires. All survey data were statistically analysed 

using Excel and R software.  

3.2 Interview  

Semi-structured Interviews in this study were conducted by face-to-face in the public 

space (inside the SCP parks, coffee shops, café, etc.) [16]. The interviews were con-

ducted to help understand more in-depth perspectives from the communities to Five 

Water Management and SCP, because the interviewees were picked randomly and 

each interview had gone through rather a short interview with about 10 minutes each.  

 

Total 10 interviewees were invited for interviews who all are living around the SCP 

sites (within 3km radius) in Ningbo during November 2019 (see Table 1) and aiming 

to articulate the perception issues specifically from the 2017 questionnaire data set. 
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All interviewees have been informed and agreed the consent of ethical practice (ap-

proved by the ethics application at the affiliated institution, University of Notting-

ham). The data was transcribed and translated. The analyses based on the ground 

theory, and the researchers undertook manual coding that match with the key re-

search themes in this study.  
 

Table 1 Interviewees’ information  

Participant ID 

(Interviewees)  

Age, gender and oc-

cupation  

Interviewees’ home location 

(within 3km radius at the relevant 

SCP sites)  

A Elderly (F), 60, retired  NET Eco-corridor  

B Flower sales-person in 

South Business Dis-

trict, 35 

Yinzhou Park  

C Elderly (F), 55, retired  Sanjiangkou Park  

D Housewife (F), 40 Cicheng Park  

E Primary school teacher 

(M), 30  

Cicheng Park  

F Student (F), 20 in 

South Business District  

Yinzhou Park  

G Waitress (F), 35 in 

Nantang Old Street  

Nantang Old Street, Sanjiangkou 

Park  

H  Elderly (M), 60, retired  Nantang Old Street, Sanjiangkou 

Park 

I Businessman (M), 55, 

at reside around the 

Tianyi Square 

Nantang Old Street, Sanjiangkou 

Park 

J Student (M) 20, reside 

around the Tianyi 

Square  

Nantang Old Street, Sanjiangkou 

Park 

 

4 Results and discussion  

4.1 Distribution of the respondents  

According to the general information, the respondents were evenly distributed in 

gender with Male (47.3%) and Female (51.8%) and 1 participant did not disclose on 

the gender. Most participants are at the age group of 20-29 (with 56.4%), and ma-

jority of participants in this questionnaire set were living in Yinzhou district (with 

73.6%), and dominated with the education level at the Tertiary/higher education/uni-

versity level (with 83.6%).   
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Table 2 Demographic information of participants in this questionnaire survey 

Independent  

variables Information  

Number 

 

Percentage 

(%) 

Total  110  

Age 

 

 

 

 

Below 20 20 18.18 

20-29 62 56.36 

30-39 15 13.64 

40-49 8 7.27 

50 above 5 4.55 

Education 

 

 

Primary 1 0.91 

Secondary 7 6.36 

Tertiary/higher education/ 

university 92 

 

83.64 

Postgraduate or above 10 9.09 

Districts 

  

  

Yinzhou 81 73.64 

Haishu 11 10.00 

Jiangbei 9 8.18 

Others 9 8.18 

Sex 

  

Male 52 47.27 

Female 57 51.82 

Not disclose 1 0.91 

 

4.2 Perceptions on Five Water Management Plan and SCP projects 

In this questionnaire, we have conducted some other issues such as general infor-

mation, perception on Fiver Water Management Plan, SCP, sustainability issues and 

future foresights about these programs. In this section, we particularly focused on 

illustrating the results that responding our major research questions. In this section, 

we particularly demonstrated that conducted five specific questions in the question-

naire set on the perception issue (see Fig.2) and listed here:   

 

“11.Ningbo has done a lot of works on urban river restoration under the 5 water manage-

ment plan, are you familiar of this policy/what are the 5 water management about? 

a. Not at all, b. little, c. modest, d. fully understood 

 

12. Do you think it is useful to promote urban river restoration in Ningbo?  

a. Not at all, b. a little, c. modest, d. very useful   
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13. Do you think there are any connections between Five Water Management Plan with 

sponge city projects? 

a. Not at all, b. a little, c. modest, d. a lot of connections   

 

14. Do you think more areas in Ningbo other than East town (Jiangdong) and North district 

(Jiangbei) need to be undertaken sponge city and urban river restoration projects? 

a. No, b. Yes 

 

15. Do you think current awareness and participation are enough to public for these pro-

jects? 

a. Not at all, b. a little, c. modest, d. enough” 

 

We have found the results (see Fig.2) demonstrated the communities were not too 

familiar about the urban river restoration under Five Water Management Plan and 

urban river restoration (Q11) as 33.64% participants responded unfamiliar and an-

other 44.55% respondent expressed with little understanding on the Five Water Man-

agement Plan.  

Also, we found that the communities also have rather conservative viewpoints on 

the usefulness of promoting urban river restoration in Ningbo (Q12) as only at about 

9% participants expressed that promoting urban river restoration in Ningbo was very 

useful, but majority were expressed not useful or only little useful. Interestingly, we 

also found that majority of participants found no connection (3.64%) or only with 

little connection (about 27%) between Five Water Management Plan with SCP in 

Ningbo (Q13).  

 

Participants believed it was not too useful to promote the urban river restoration and 

expressed only a little connection between Five Water Management Plan, urban river 

restoration and SCP as according to the analysis of the connection among these prac-

tices (Q12 and Q13) (see Fig.3), which reflected the public perception to the func-

tions and benefits in urban ecology, water management and urban flood risk man-

agement and climate change adaption with these three main strategies from the data 

set in 2017 were yet understood the Science and technical aspects well. That findings 

were implied by Q14 and Q15, which majority of community residents expressed 

that the SCP and urban river restoration should still be promoted and continuously 

expanded Five Water Management should still be undertaken (over 65%), but ma-

jority of participants admitted that their own awareness and participation were not 

enough (with about total 58% expressed not at all or a little awareness and partici-

pation) for these practices. That reflected the awareness and participation issues 

might influence the perceptions on the urban water management issues in Ningbo 

(include river restoration, Five Water Management and SCP) from the 2017 ques-

tionnaire data set.  
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Figure 2 Public perception on urban river restoration, Sponge City Program and Five Water 

Management (note perception on these questions refer as above: Blue: Not at all (for Q11-13, 

15)/Yes (Q14), Orange: a little (for Q11-13, 15)/No (Q14), Grey: Modest (Q11-13, 15), Yellow: 

fully understood (Q11)/very useful (Q12)/lots of connection (Q13)/enough (Q15), Green: An-

swer not valid/incomplete/not answered. 
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Figure 3 Sankey diagram with Q12 and Q13 on the relationship about the urban river resto-

ration (Q12) and Five Water Management and SCP (Q 13).  

 

For such findings on public perceptions, we justified with the 2019 interview data 

with the local community and found that there were some evident afterwards. For 

some reasons, such as lacking of education and promotion, especially to elderlies, 

an elderly interviewee living around the Yinzhou Park responded (interviewee A): 

“…I have not heard too much on these programs, because I am getting old at this 

age, do not pay attention…” Another elderly interviewee (interviewee H) also re-

sponded: “…read and understood it (these programs/strategies) via the newspaper 

but can't remember it clearly, found these are helpful policies”. 

 

Furthermore, we interviewed some interviewees who understood these schemes via 

social media channels, such as via the mobile apps that the elderlies might found 

their difficulties to adapt the implications from technology. Two students expressed 

(interviewee F, resided at South Business district close to Yinzhou Park) “Heard it 

in the car radio and received relevant publicity via SMS.”; another student (inter-

viewee J, living around the Tianyi Square close to Sanjiangkou Park) expressed that 

“…Saw (these programs) on app news…” Also, for the work professional age that 

a flower-seller operated the shops at a shopping mall around the Yinzhou Park (in-
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terviewee B) expressed that: “…saw related information on mobile phone text mes-

sages…”; another interviewee working as a primary school teacher (interviewee E, 

Ci Cheng Park) expressed he understood about these urban water management strat-

egies via television channels “…understanding (these programs) from TV news, 

three out of five water management are remembered: sewage, drainage water and 

flood.” 

 

From these justifications in the 2019 interviews, we can understand that the Munic-

ipal Government has actually used and adopted multiple channels on these urban 

water management strategies by TV, newspaper and lately via mobile apps, internet 

sources for enhancing promotion and improvement on public awareness and partic-

ipation.  

 

However, the government may take more attention for the elderly group as they nor-

mally have difficulties to access media source and similar finding on the climate risk 

information from typhoon in Tai O town, Hong Kong that the elderly people nor-

mally difficult to access technology [17], thus the perception of these programs are 

understandably lower than the other age groups. We recommend the government 

may engage with the communities in several age groups for gathering them for some 

local education activities or community engagement activities to enhance further en-

gagement.  

 

On the other hand, we also found that the public understand the cause and conse-

quences of urban floods quite well as that reflected from Q8 here: 

 

 

“8. Why urban flooding is occurring in Ningbo? 

a. Intensive rainstorms, b. storm surge, c. climate change, d. combined issues” 

 

Over half of respondents (60%) understood that the urban flood issues in Ningbo are 

the combined issues that connected with the climate change, storm surges from ty-

phoons and cyclonic effects (as Ningbo frequently have typhoons from West Pacific 

during August to October) and intensive rainstorms that reflected the public have 

good scientific understanding about the meteorological effects on flooding (see Fig. 

4).  
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Figure 4 The percentages of participants understanding on the causes of urban floods in Ningbo 

 

4.3 Future foresight  

 

   Sustainability issues on social, economic, ecology and wellbeing 
16. Do you think the sponge city and urban river restoration projects are able to improve the 

living conditions/quality? 

  a. Not at all, b. a little, c. modest, d. very helpful  

 

17. Do you think the sponge city and urban river restoration projects are able to enhance 

greening to urban spaces and improve biodiversity? 

  a. Not at all, b. a little, c. modest, d. very helpful 

 

18. Do you think there are any economic benefits from these projects, for example the reflec-

tions from property prices? 

     a. Not at all, b. a little, c. modest, d. very relevant  

 

19. Do you think you feel happier and living with wellbeing with urban green and sponge 

infrastructures (e.g. swale, rain garden, green roofs, etc.) and restored river? 

  a. Not at all, b. a little, c. modest, d. very happy  

 

20. Will you be satisfied if the municipal bureaus continue to implement the sponge city and 

river restoration practices alongside with current urban planning, water resources and 

flood management plans in Ningbo? 

     a. Not at all, b. a little, c. modest, d. very satisfied  
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60%
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In the section of ‘Sustainability issues on social, economic, ecology and wellbeing’ 

(Q16 to Q20) (see figure 5), it can be found that majority participants perceived ‘a 

little’ as the effect level of SCP and river restoration projects, while ‘not at all’ and 

‘very helpful/happy’ were considered by the least participants. Over 60% partici-

pants believed such projects have ‘a little’ and ‘modest’ values in terms of the social 

benefits (Q16. 70% (77 people) improvement of the living quality; Q19. 62.7% (69 

people) feeling happier and living with wellbeing), ecology benefits (Q17. 64.5% 

(71 people) enhancing of greening to urban spaces and improving of biodiversity), 

and economic benefits (Q18. 70.9% (78 people) increasing property prices). Regard-

ing the satisfaction on the municipal bureaus continuing to implement the sponge 

city and river restoration practices alongside with current urban planning, water re-

sources and flood management plans in Ningbo, 13.6% participants (15 people) felt 

unsatisfied on it compared to fewer percentages of other four questions, which might 

be a reminder for relevant municipal bureaus when designing and implementing such 

projects to consider public perceptions and opinions. That is vitally important for the 

current and future urban planning and related to the local communities whether they 

really engage with the SCP and Five Water Management Plan and relevant programs 

in Ningbo. It reflected not only their perception and understanding of the function-

ality of these infrastructures and practices whether are beneficial to their daily life 

and well-being, but also the level of understanding to these water programs, which 

might help the Municipal Government to promote the programs further extensively 

to wider communities and districts in the city. Their early involvement (awareness 

and perception) will lead to stronger public engagement and participation, deliver of 

successful outcomes, and help stakeholders to make decisions that based on the 

needs from communities.  

    

     
Figure 5. Sustainability issues on social, economic, ecology and wellbeing. The number la-

belled in the histogram is the participant number of each question 

option (the total number is 110). 
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Specifically for SCP, we also found that despite the public not being very aware and 

engaged with these urban water management practices from section 4.2, interest-

ingly the communities that live nearby the SCP sites still support that future SPC 

projects should be continuously carrying out in Ningbo and other Chinese cities at 

Q10, see here: 

 

“10. Do you think more future sponge city projects should be continue in Ningbo 

and Chinese cities?” 

 

We found that there were over 95% respondents expressed the full support that the 

SCP should be carried on in Ningbo and Chinese cities and interestingly as we noted 

that majority of respondents awareness and perception remained at the inadequate 

level, but witnessed that the public and communities were actually understanding 

quite well about the cause of floods and situation as discussed in section 4.2.  

 

 

Future foresights, climate change and public participation/engagement 

 
21. Will you support the municipal government continue to finance the sponge city and rele-

vant projects including urban river restoration projects? 

a. Not at all, b. a little, c. support, d. very supportive  

22. Will you continue supporting 5 water management plan in Ningbo? 

a. Not at all, b. a little, c. support, d. very supportive 

23. Do you think joint venture or Public Private Partnership (PPP) will be a better 

choice/more economic sustainable to finance these projects? 

a. Not at all, b. a little, c. useful, d. very useful  

24. Do you think Sponge city project can address the climate change? 

a. Not at all, b. a little, c. useful, d. very useful 

25. Do you think public participation is enough on sponge city and 5 water management plan 

projects at the moment? 

a. Not at all, b. a little, c. modest, d. enough 

  

In this section (see figure 6), 85% participants (94 people) supported the Five Water 

Management Plan (with 53% was very supportive) (Q22), which was similar to the 

support level of SCP with over 86% (95 people) (Q10). The continued financial sup-

port by the municipal government on SCP and relevant projects such as river resto-

ration was supported by 85% participants (93 people) (Q21). Specifically, PPP for 

such projects was considered by 76% participants (40% useful and 25% very useful) 

as an economic sustainable mechanisms (Q23).    

 

The lack of public participation in SCP and Five Water Management projects was 

expressed by 29.1% participants (32 people) with ‘not at all’ and 39.1% (43 people) 

‘a little’ (Q25). Regarding the function of SCP on the climate change (Q24), over 

half participants perceived a weak link between them that 10% participants (11 peo-

ple) have offered the answer of ‘not at all’ and 40.9% (45 people) of ‘a little’. 
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Figure 6. Future foresights, climate change and public participation/engagement. The number 

labelled in the histogram is the participant number of each question 

option (the total number is 110). 

 

5 Conclusion  

Ningbo Municipal Government has been witnessed and evidently spent tremendous 

efforts on improving urban water issues. The government has been addressing these 

issues by implementing SCP, Five Water Management and undertaking the large 

scale urban river restoration schemes during the last few years, despite the time 

needed to see the performance and effects based on the regular monitoring and re-

view. The positive effects at this early stage is reflected in the support of these 

schemes in 2017 from the communities and public. These showed the current the 

limitation of reflecting the latest situation and phenomenon of these schemes as the 

data has been finalised after only 3 years of implementation.  

 

Public perception can be improved by using several channels and adopt “fit-for-pur-

pose” approach such as looking after different age groups’ understanding and learn-

ing of these strategies (i.e. elderly and other age groups). These lessons will be vitally 

important for other cities in Zhejiang Province to improve the urban water manage-

ment strategies holistically and extensively providing good lessons for other Chinese 

cities or even Asian cities in the region that faced potential water risks from climate 

change and rapid urbanisation factors.  

 

1 1
8 11

32
38 33 24

45

43
17

13

44

29

23
48

58

28
19

6
6 5 6 6 6

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

21 22 23 24 25

A B C D N



17 

6. Acknowledgement  

This work was supported by the Research grant on the Strategy and Practice of the 

Development of Sponge City in Ningbo New Eastern Town funded by the Ningbo 

Housing and Urban-Rural Development Bureau; we also appreciated the research as-

sistants Shuyang Xu, Liuge Yu, Wanying Gu, Ming Yuan, Rui Jiang, Yiming Wang 

for their support in 2017 summer data collection and GEOG 3042 module students in 

2019 Winter data collection. 

 

References 

 

1. Fu, C., et al., Freshwater fish biodiversity in the Yangtze River basin of China: pat-

terns, threats and conservation. Biodiversity and Conservation 12(8), 1649-1685 

(2003). 

2. Tang, Y.-T., F.K.S. Chan, and J. Griffiths, City profile: Ningbo. Cities, 42: pp. 97-108 

(2015). 

3. Tseng, C.-P. and E.C. Penning-Rowsell, Micro-political and related barriers to 

stakeholder engagement in flood risk management. The Geographical Journal 178(3), 

253-269 (2012). 

4. Tang, Y.-T., et al., Aligning ancient and modern approaches to sustainable urban 

water management in China: Ningbo as a “Blue-Green City” in the “Sponge City” 

campaign. Journal of Flood Risk Management 11(4), e12451(2018). 

5. Pyke, C., et al., Assessment of low impact development for managing stormwater with 

changing precipitation due to climate change. Landscape and Urban Planning 103(2), 

166-173 (2011). 

6. Griffiths, J.A., Sustainable Urban Drainage, in Reference Module in Earth Systems 

and Environmental Sciences. Elsevier (2016). 

7. Mitchell, G., Mapping hazard from urban non-point pollution: a screening model to 

support sustainable urban drainage planning. Journal of Environmental Management 

74(1), 1-9 (2005). 

8. Thorne, C.R., et al., Overcoming uncertainty and barriers to adoption of Blue-Green 

Infrastructure for urban flood risk management. Journal of Flood Risk Management, 

n/a-n/a (2015). 

9. Morison, P.J. and R.R. Brown, Understanding the nature of publics and local policy 

commitment to Water Sensitive Urban Design. Landscape and Urban Planning 99(2), 

83-92 (2011). 

10. Voyde, E., E. Fassman, and R. Simcock, Hydrology of an extensive living roof under 

sub-tropical climate conditions in Auckland, New Zealand. Journal of Hydrology 

394(3–4), 384-395 (2010). 

11. van Roon, M., Water localisation and reclamation: Steps towards low impact urban 

design and development. Journal of Environmental Management 83(4), 437-

447(2007). 



18 

12. Everett, G., et al., Sustainable drainage systems: helping people live with water. 

Proceedings of the ICE-Water Management (2015). 

13. Qin, H.-p., Z.-x. Li, and G. Fu, The effects of low impact development on urban 

flooding under different rainfall characteristics. Journal of Environmental 

Management 129(0), 577-585 (2013). 

14. Xia, J., et al., Opportunities and challenges of the Sponge City construction related to 

urban water issues in China. Science China Earth Sciences, 2017: p. 1-7. 

15. Wang, Y., M. Sun, and B. Song, Public perceptions of and willingness to pay for 

sponge city initiatives in China. Resources, Conservation and Recycling 122, 11-20 

(2017). 

16. King, N. and C. Horrocks, Interviews in qualitative research. 2010. 

17. Lo, A.Y., et al., Contested Transformations: Sustainable Economic Development and 

Capacity for Adapting to Climate Change. Annals of the American Association of 

Geographers 110(1), 223-241 (2020). 

18.  Ningbo Daily, Regulations of Ningbo Municipality on the Administration of River 

Channels, http://gtog.ningbo.gov.cn/art/2019/9/14/art_389_1021227.html, last 

accessed 2020/7/26. 

19.  Ningbo Daily, Ningbo Water Control Pilot Trial Results and by 2020 Plans to Ar-

range 3,064 Projects, http://zt.cnnb.com.cn/system/2019/11/28/030105097.shtml, last 

accessed 2020/7/29. 

20.  China Ningbo Network, Membrane Technology is used to Treat Domestic Sewage 

and How to Use the Reclaimed Water after the Tender, http://zt.cnnb.com.cn/sys-

tem/2019/10/21/030094662.shtml, last accessed 2020/7/30. 

21.          China Ningbo Network, Control of Small Urban Lakes and Yuehu Lake Has Words, 

http://zt.cnnb.com.cn/system/2019/10/24/030095664.shtml, last accessed 2020/7/30. 

22. Yu, L. Study of ‘Five Water Co-governance’ from the Perspective of Multiple Gov-

ernance: a Case Study of Yuhang District of Hangzhou. Northwest University (2018). 

23.          China’s River Chiefs - An “Ingenious” Approach to Water Governance in China? In-

ternational Rivers Organization. Available at: https://www.internationalriv-

ers.org/blogs/1126/china%E2%80%99s-river-chiefs-an-%E2%80%9Cingen-

ious%E2%80%9D-approach-to-water-governance-in-china, last accessed: 2020/8/14. 

24.        Wang, Y. and Chen, X.: River chief system as a collaborative water governance ap-

proach in China. International Journal of Water Resources Development 36(4), 610-

630 (2020). 

https://www.internationalrivers.org/blogs/1126/china%E2%80%99s-river-chiefs-an-%E2%80%9Cingenious%E2%80%9D-approach-to-water-governance-in-china
https://www.internationalrivers.org/blogs/1126/china%E2%80%99s-river-chiefs-an-%E2%80%9Cingenious%E2%80%9D-approach-to-water-governance-in-china
https://www.internationalrivers.org/blogs/1126/china%E2%80%99s-river-chiefs-an-%E2%80%9Cingenious%E2%80%9D-approach-to-water-governance-in-china

