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Rapid urbanization has sharply increased the pressure of urban water issues (e.g.,
urban flooding and water pollution) in the Chinese megacities during last three decades.
Sustainable urban water management approaches, such as Nature Based Solutions
(NBS) and Low Impact Developments (LIDs), have successfully delivered long-term
benefits to cities in Europe and North America. Similarly, the Chinese Sponge City
Program (SCP) initiated in 2013 and experimented in 30 pilot Chinese cities. This
paper reviewed the first stage of the SCP from 2015 to 2020 by using observation,
Semi-Structured Interview (SSI) and Focus Group Approach (FGA) in context of Gui’an
New Distinct, SW China to investigate the SCP progress and issues: (1). whether it is
effectively solving urban water issues; (2). if there are any major challenges and barriers in
the SCP practice. The findings of this case study provide potential solutions for improving
the SCP and sustainable urban water management and possibly transform to other
Sponge Cities in China.

Keywords: Sponge City Program, Gui’an New Distinct, Guiyang, urban water management, socio-ecological
practices, public perceptions, stakeholder engagement

INTRODUCTION

The scientific community has a general viewpoint that urban water management issues are more
frequent worldwide (Qiao et al., 2020). Many megacities are facing increasing risks of urban
flooding, waterlogging, water pollution, and degradation of water-ecological systems (O Donnell
and Thorne, 2020). Rapid urbanization has been occurring in China over the last four decades.
From 1980 to 2015, the urban population has increased from 19 to 56.1% in Chinese cities (Jiang
etal., 2018). The urban water issues, particularly urban flood and waterlogging, have become more
serious (Chan et al., 2014). In order to improve urban water management, the Chinese National
Government have built many hard-engineering infrastructure (e.g., dams, barriers, and walls).
More than 97,000 dams were built during the 1950s after WWII (Cheng, 2005); and the main
purpose was large energy consumption that was required for substantial hydroelectric generation,
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water supply and flood control (Chan et al., 2018). Unfortunately,
only relying on hard-engineering infrastructure enable effective
protection from fluvial floods in the upstream catchment areas
and address flash floods caused by hillslope processes, but
seemingly are not too sufficient for addressing urban flood issues
in the low-lying flood prone areas (Zong and Chen, 2000).

As Chinese cities and the economy develop, citizens are
now seeking safer and higher quality living environments.
Traditional urban water management has shifted to deliver
more social and sustainable aspects (Xiang et al., 2019). For
example, Guangming New District in Shenzhen has successfully
experimented the Low Impact Development (LID) practice
in new urban district areas (Lancia et al., 2020). Previous
advanced urban developing experience enlightened Chinese
Government to deeply improve urban developing strategy
(Lashford et al., 2019). After learning from global practices, such
as “Sustainable Drainage Systems” (SuDS), “Best Management
Practices” (BMPs),”Water Sensitive Urban Design” (WSUD),
“Low Impact Urban Design and Development” (LIUDD), “Active
Beautiful and Clean Waters” (ABC), “Blue-Green City” (BGC)
(O’Donnell et al., 2017), “Low Impact Development” (LID) and
“Nature-Based Solutions” (NBS) (Qi et al., 2020), the Chinese
began to find their own path toward more sustainable, blue-green
urban water management.

The Sponge City Program (SCP) was officially proposed
by President Xi Jinping in 2013 (Nguyen et al., 2020). This
concept simulates the natural water cycle to address urban water
issues and ultimately achieves sustainable urban development
(Lashford et al, 2019). In October 2014, the Ministry of
Housing and Urban-Rural Development (MHURD) published
the “Technical Guidelines for Sponge City Construction” (trial) as
the major framework for the SCP (Ministry of Housing Urban-
Rural Development, 2014). In 2015 and 2016, the National
Government, respectively, selected the first batch of 16 cities
(e.g., Wuhan, Chongqing, Xiamen, Gui'an New District) and
the second batch of 14 cities (e.g., Beijing, Tianjin, Dalian,
Shanghai, Ningbo, Shenzhen, Sanya) as the pilot cases under
SCP (Lashford et al., 2019).

Gui'an New District is the new developed urban district in
Guiyang city circle. It is surrounded by hilly and mountainous
topographical features, which means the city lies in the valley
and frequently experiences flash floods (Yang et al., 2020). The
first stage (2015-2020) of SCP implementation was completed
in Gui'an New District. This paper found that the SCP pilot
case of Guian still had challenges and barriers. For instance,
the governance system of the SCP is complex; the coordination
within governments, departments and bureaus is difficult (Wu
et al., 2020). The current SCP is still establishing informative
and transparent guidelines that less integrate with local
knowledge and conditions (e.g., geography, social-economic, and
hydrological patterns) (Griffiths et al., 2020), which potentially
present an obstacle to tailor the SCP to specific sponge cities
(Zevenbergen et al., 2018). China has a centralized government
and people have less chance to participate in policy making and
urban planning (Chen and Chen, 2020). The public perception
and participation of SCP are still rather not popular at this
stage (Yutao et al., 2017; Chan et al., 2020).

This paper aims to minimize the research gaps on the practice
of the SCP by exploring the case of Gui'an New District in
Guiyang, SW China. The specific objectives of the paper include;
(1) exploring and understanding the barriers to current progress
of the SCP in Gui’an New District; (2) determining existing issues
with governance, standards, planning, design, finance, and public
perception by in-depth discussions with stakeholders via Semi-
Structured Interviews (SSI) and Focus Group Approach (FGA);
(3) discussing and providing recommendations for solving the
challenges associated with the SCP to deliver a more adaptable
and sustainable program.

METHODS
Case Study—Background

Gui'an New District was developed in 2011 in southwestern
China. It is located in the Guiyang metropolitan area, the eighth
national-level new district with planning land area consisting of
1,795 km? and planned future population of 790,000 (toward to
2030s). Gui'an New District has its own District Government
under the governance of Guiyang Municipal Government.
The size of the central area of Gui’an New District is about
43.25 km? (Gui’an Urban Planning Construction Bureau, 2014)
(Figure 1). Public infrastructures (e.g., roads and parks), business
and residence zones have been built, as have more artificial
concrete surfaces (e.g., impermeable roads and squares), and
new developments are ongoing. In terms of geography and
topographical features, the district is surrounded by hills as a
typical mountainous city. Most available land is thus located on
low-lying flood prone areas with high risks of flash flood and
waterlogging disasters. The development of the new district is
doubted under detailed study of flood risk assessment according
to the current urban planning (Yang et al., 2020).

As a result, many original natural surfaces (e.g,
forest, fields and open grasslands) have been reduced,
the urban hydrological process is affected and the soil-
water infiltration rate has decreased. The current existing
drainage system has the flood protection standard of 1
in 5 years return period, which is unable to handle the
peak discharge water during intensive rainfall events, and
further urbanization will continually increase the urban
flood risk (Chan et al., 2018). In future, if the urban land
drainage capacity does not improve the current, inadequate
standard, the urban flood risk will keep increasing with
the urbanization.

Average annual precipitation is 1,129 mm in Guian New
Distinct, ranging from 1,760 (maximum in 1954) to 718 mm
(minimum in 1981). The wet season from April to September
delivers abundant rainfall (886 mm), accounting for about 78.5%
of yearly precipitation (Hydrology Bureau of Guizhou Province,
2015). The highest monthly precipitation is in July with an
average of 300-400 mm (Guizhou Meteorological Bureau, 2020).
Figure 2 illustrates the average annual precipitation of Gui'an
New District; such precipitation pattern also enhances higher
potential flash fluvial and urban flood risks.

Gui'an New Distinct was selected in the first batch of pilot
sponge cities in 2015 by the National Government (Li et al.,
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FIGURE 1 | Location of Gui'an New District. (State Bureau of Surveying
Mapping, 2008), adopted by authors.

2017). The District Government has invested 4.67 billion yuan
(RMB) (about 724 million USD) on SCP from 2015 to 2020
(Yang et al., 2020). According to the “Technical Guidelines for
Sponge City Construction (trial)” (The guideline was initially
purposed for pilot sponge cities and further applied to all Chinese
cities. It was focus on urban areas rather than inartificial-
natural watershed characteristics.) and “Sponge City Construction
Special Planning for Central Area of Guian New District (2016
~ 2030),” the planned procedure for SCP development in
Gui'an New District are summarized as follows: (1) the key
objective is to mitigate urban flood and waterlogging issues
by using the SCP measures (e.g., permeable road and sunken
garden); (2) restoring the natural hydrological processes to
mitigate urban water pollution through SCP measures (e.g.,
natural-purification wetland park); (3) reducing the total annual

surface runoff rate to 20-25% in urban areas by 2030; (4)
and finally to achieve multiple social-economic benefits such
as improving social well-being and urban eco-system services
(Ministry of Housing Urban-Rural Development, 2014; Yang
et al., 2020).

From 2015 to 2018, Gui'an New District has implemented
the three-level SCP construction according to Gui’an urban
planning (Yang et al., 2020). This includes the Micro System
(Building System), Medium System (Community System) and
Macro System (Urban System). These three systems are
complementary with each other to sequentially absorb rainfall
(Wang et al, 2018) (See Figure3). In the Micro System
(Building System), green buildings focus on water source
control via reducing runoff. For example, green roofs and
rooftop gardens can absorb rainwater in mild rainfall events.
In moderate rainfall events, the excessive rainwater that green
buildings cannot store will be transferred to the Medium System
(Community System).

Community green facilities (e.g., rain gardens and sunken
lawns) can strengthening and increasing the water retention time
to further reduce urban surface water runoft. In intensive rainfall
conditions, the rainwater overflows into the Macro System
(Urban System). Some green infrastructures (e.g., Wetland Parks)
provide flood-buffering zones to reduce urban flood risk. The
SCP Guideline requires the pilot cities to achieve the flood
protection standard for 1-in-30 year return period events (Chan
et al., 2018), vs. the present standard of 1-in-5 year return
period. However, the green infrastructures are less effective
when the rainfall intensity is more than 1-in-30-years return
period. If particular sponge cities do not purposely increase
the urban flood protection standard of the SCP, the sponge
cities might still need to rely on the gray infrastructures (e.g.,
flood channel, flood wall, and reservoir) to handle intensive
rainstorms (Li et al., 2020).

Semi-structured Interview and Focus
Group Approach

Gui'an New District was selected for the following reasons.
(1) Gui'an New District is a first-batch sponge city nominated
by the Chinese National Government in 2015 and the local
government has implemented pilot SCP projects. (2) Gui’an New
District as mentioned that established in 2011 and represents
how to implement the SCP in a newly constructed city. (3)
Gui'an New District is located in mountainous geography.
The issues faced by Guian New District commonly inspire
other mountainous sponge cities such as Chongqing and
Kunming in southwestern China. This case study represents
a typical urban water management approach in pilot sponge
cities. The experience from 30 pilot sponge cities across China
helps decision makers to understand if the implemented
SCP is addressing (or failing to address) urban water
issues (Xia et al., 2017).

We examine the challenges and barriers in SCP governance,
standards, planning, design, finance and public perception and
developing strategies to deliver a better SCP. The interview
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FIGURE 3 | The SCP technical system (Source: authors).
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methods usually include Structured Interview (SI), Semi-
Structured Interview (SSI), Unstructured Interview (UI), and
Focus Group Approach (FGA) (Bjornholt and Farstad, 2012;
Edwards and Holland, 2013). These methods are widely used
in social science. SI is an interview method with a totally

planned and a rigorous set of questions, which means all
interviewees get the same questions. On the opposite of SI,
UI tends to be more informal, which makes it more like a
daily communication (Bjornholt and Farstad, 2012). Comparing
with SI and UI, SSI has an sketch guideline for topics allowing
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interviewees express new ideas as results (Bolderston, 2012). SSI
can create an open and relaxed environment for interviewees,
which is suitable for collecting deep perspectives of sensitive
stakeholders such as government officials, businessmen, and
engineers (Galletta and Cross, 2013). FGA is widely used with
people who have less sensitive identities (e.g., residents) and
know each other (Catherine et al., 2019). FGA can stimulate
interviewees to give ideas in guided topics prepared in advance
by the interviewer (Qu and Dumay, 2011). SSI and FGA are
both communication methods in partially structured, orderly and
self-conscious ways (Onwuegbuzie et al., 2009). Both methods
are effective in investigating complex opinions, emotions
and behaviors, which helps researchers get open feedbacks
from respondents.

Semi-Structured Interview (SSI) and Focus Group Approach
(FGA) are adopted in this study. In total, there were 26
participants. Sixteen professional stakeholders (Respondent A
to P) were invited to participate in individual SSI. They
included government and bureau officials, housing developers
and sales representatives, bankers, NGO workers, academics, and
engineers (Table 1). Their experiences and ideas partly represent
the developing conditions of SCP in Gui'an New District. We
also invited ten residents (Respondent a to j) to participate in a
focus group. The FGA included old generation residents (who
have been living in the region for more than 30 years) and new
citizens (who moved to Gui’an New Distinct during the last 10
years) and explored their historical viewpoints, local knowledge
and living experience. Due to the limitations of interviewees
background, experience, knowledge, and willingness, we chose
suitable and most frequently occurring topics for different
interviewees (Table 1).

Each interview or group meeting took between 30 and
60 min and were conducted face-to-face, using social media (via
WeChat—popular social media platform in China) or by phone
call. An ethical process was approved to conduct this research
and all data is treated as confidential. All interviewees consented
to participate in this research. All interviews were conducted in
Mandarin. According to a literature mining for SCP (Zongmin
et al,, 2018), we prepared most frequently occurring themes as
interview topics in SSI and FGA (see Table 1). Meanwhile, the
interviews were not strictly limited by the interview guideline.
We expended more themes to collect useful information while
interviewing participators according to various backgrounds and
knowledge of interviewees (actors in the SCP of the case study),
such as including stakeholders (e.g., governmental officials),
non-stakeholders (e.g., property developers, bankers, scholar,
experts, and the local residents). The core information was
recorded and translated into English to further thematic code
by NVivo Software (refer the question guide in Table 1). The
nodes were used to code interview data and be input to the
program (Oneda and Barros, 2020). All data were deleted after
this study to ensure confidentiality. After all interviews, we have
done the tri-angulation for finding out relevant secondary data
sources from the recent published literature and governmental
reports and publications to further support and validate the
primary data collected from the SSI and FGA in this research
are valid.

RESULTS

After the analysis of the SST and FGA data, we conducted statistics
on hot topics (the occurrence number is more than three times).
At professional aspect, the hot topics are governance, standard,
urban planning, building design, finance, and public perception
in SSI. On the resident side, the hot topics are living environment,
sporting and leisure places, housing price, personal income, jobs,
and education (See Table 2, Figure 4). According to these hot
words, the paper will further record and analyze these aspects in
the following sections.

Governance and Standard

The Chinese governance framework includes National,
Provincial, Municipal, County/District Government and
Town Government (Yang et al., 2018). The governance system
has a rigid top-down framework (see Figure 5). The high-level
governments manage the low-level governments. The Guian
New District Government is governed by Guiyang Municipal
Government, Guizhou Provincial Government and China
National Government. At all governing levels, each government
independently manages ministries, departments, or bureaus
(Guizhou Provincial Government, 2017; Guiyang Municipal
Government, 2020; Yang et al., 2020).

China’s history and developing condition have been shaped
the governance arrangement characteristics (Ongaro et al., 2018).
Governance arrangement is the key to long-term urban water
management (Hegger et al, 2014). The major characteristics
and barriers of the ongoing SCP governance are following: (1)
Centralization. The SCP governance is centrally organized. The
national authorities (e.g., National Development and Reform
Commission) set general SCP standards and guidelines via
legislation. The local governments take responsibilities on
regional water issues according to local urban conditions (e.g.,
geography, precipitation and urban development). However, the
implemented SCP till lacks localized governance in pilot sponge
cities (Wu et al,, 2020). (2) Cross-department governance. The
SCP governance includes decision-making, planning, design,
construction, operation and maintenance. Gui’an New District
Bureau of Development and Reform, Bureau of Housing and
Urban-Rural Development, Bureau of Ecological Environment,
Bureau of Natural Resources, Bureau of Water Resources,
respectively, take charge of funding, urban planning and
designing, urban environment, water resources, flood issues.
There is no clear organization to cooperate different participates
(Dai et al., 2017). (3) State-dominated governance. The National
departments dominated urban water management. None-state
participants have less opportunity to give advice on SCP
governance (Ehnert et al., 2018). Many respondents’ expressions
have validated the characteristics of SCP governance:

“[...] The National, Provincial and Municipal Government
intensively influence the SCP policy. For example, National,
Provincial and Municipal Government control the national
investment, land resource, water resource and pollution license.
The County/District and Town Governments have less chance to
participate in the top policy domain. [...]” (Respondent A)
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TABLE 1 | Respondent characteristics and relevant information.

Fields/Work Organization Respondent Educational Main Topics/coding pattern Question guideline (Excerpt)
background code background
Government officers Guizhou Provincial A Master Degree Governance, Management, (1) What is China’s political governance system in SCP?
Government B Master Degree Standard, Urban Planning, How is it made up? (2) How is power distributed in
Guiyang Municipal C Bachelor Public and Private Partnership different levels of government in SCP? What are their
Government (PPP), SCP Practices respective responsibilities in SCP? (3) What are the
Gui’an New District strengths and weaknesses of China’s current
Government governance system in SCP? (4) What is the SCP
investment model? How does the current SCP
investment model work? (5) Is there any successful or
failure case? Please introduce some typical local SCP
cases. (6) Are there conflicts between public and private
needs in SCP? How to reconcile public and private
needs in SCP.
Bureau officers Gui’an New District Bureau D Master Degree
of Development and Reform
Gui'an New District Bureau E Bachelor
of Housing and Urban-Rural
Development
Gui’an New District Bureau F Master Degree
of Ecological Environment
Gui’an New District Bureau G Master Degree
of Natural Resources
Gui’an New District Bureau H Master Degree
of Water Resources
Property developers Local housing developer | Bachelor Housing Price, Housing (1) Does SCP have any influence on housing price,
Local housing salesman J Bachelor Demand, Housing Design, Public housing demand and housing design? How does the
and Private Partnership (PPP), influence manifest itself? (3) What is the investment
Investment Return return ratio of SCP? (4) Has PPP investment model been
successfully applied to SCP?
Banker Local city bank K Bachelor Public and Private Partnership (1) Whether or not banks are willing to lend to SCP
(PPP), Interest Return projects? (2) What role does bank play in PPP
investment mode? (3) Are there any successful or
unsuccessful PPP cases?
Local non-Government Institution of engineers L Bachelor NGO and Public Participation (1) How much the public and NGO are involved in the

Organization (NGO)

SCP? (2) How does they get involve?

(Continued)
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Because China has a large territory, national standards, and
codes are hard to be designed for special regions (Jia et al,
2017). Several respondents regarded the SCP standards as too
generalized to be applicable in all Sponge Cities where climate,
hydrology and socio-economics are vastly different:

“[... ] until now, the SCP standards lead us to plan and design SCP
infrastructures. However, the SCP standards are too general to be
utilized in specific sponge cities. Universal indicators (e.g., green
space coverage, green building ratio and urban plot ratio) are easy
to manage, but are untargeted to local conditions (e.g., rainfall,
geography, economic, culture, history and heritage of the city). The
less consideration of local conditions in standards is an obstacle to
SCP planning, construction and assessment. [... ]” (Respondent M)

The lacking of localized standards at city or district level,
such as Gui’an technical standard for sponge city construction,
effects on the accurate selection of criterion. However, the
national standard, such as “Assessment standard for sponge
city construction effect (GB/T 51345-2018), partly overlooks
precipitation patterns, hydrological, geomorphological and
economic conditions. Gui'an New Distinct is located in a less
developed inland mountainous area with relative lower building
and population density to eastern mega cities such as Shanghai
and Hangzhou. It is at high risk of pluvial flood, fluvial flood, and
waterlogging disasters.

The National Standard (GB/T 51345-2018) classifies China
into five general zones (I, IL, III, IV, V). The Gui’an New Distinct
and other coastal cities (e.g., Shanghai, Ningbo, Fuzhou) are in
the same zone III, which means the surface runoff reduction
rate is the same (between 75 and 85%) (Wenliang et al., 2018).
However, Gui’an New District is rarely affected by typhoons,
unlike the other coastal cities in zone III. The neglection of local
climate and geographic factors in national SCP standards is thus
akey challenge, as the idea of “one solution fits all” is not suitable.

Planning and Design

The State Council requires that over 20% of urban areas should
be transformed to sponge area by 2020, and further reach 80%
by 2030 (General Office of the State Council, 2015). In the case
of Gui’an, the reduction rate of urban surface runoff has been
set as the rigid target, the authorities (e.g., Local Water Bureau
and Planning Bureau), which has to be achieved these bars as the
top-prioritized criterion. Major objectives of the SCP has been
further extended to incorporate sustainable urban development
(e.g., water environment treatment and restoration, carbon
emission reduction, urban heat island effect reduction, smart
city development) (Jia et al., 2017). The SCP in the planning
perspective is encouraging, but at the same time that seems too
ambitious as illustrated by the interview participants below.

“[...] The guideline neglects the local government financial
capability. The SCP is still highly depending on subsidies. If there are
no subsidies from National, Provincial and Municipal Government,
Guian New District cannot afford build more SCP infrastructures
to meet the urban runoff reduction rate. [...]” (Respondent E)

The high targets, such as sponge area rate, are definitely beneficial
to accelerate SCP development. Planning more SCP areas in cities
means the decrease of land sales (Long et al., 2020). At present,
land sales income is one key source of government budget and
SCP funding. Considering the unbalanced economic conditions
in the Chinese cities, the promotion and implementation of SCP
goals are uncertain. In Gui'an case, there is a competition for
land use between urban ecology and economic development, as
highlighted by several interview and focus group respondents:

“[...] The land use has obviously effect on the spatial expansion of
sponge city. The city land is scarce and valuable due to increasing
population and buildings. The SCP infrastructures are mostly
designed on open land, which requires more land resources than
underground infrastructures (e.g., discharge system). The local
governments still severely depend on the income of land sales.
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The decrease of land sales means the decrease of local government
income. [...]” (Respondent G)

At the SCP designing aspect, most urban designers highly
focus on their customer needs (governments or developers).
The governments and developers, respectively, represent public
and commercial demands. The designers only focus on
a “one-way road” that only concerning about the public
interest or business development is not enough in SCP
design. The difficulty is how to integrate the existing and
planned public infrastructures (e.g., roads, drainage system,
dams, levees, and wetland parks) adequately and timely to
commercial SCP facilities (e.g., green business and residence
buildings). An official of Gui’an New District Bureau of Water
Resources stated:

“[...] The public demand is usually inconsistent with commercial
demand. For example, the public demand of SCP is to improve
flood prevention ability, public healthy and urban environment.
The developers need increase the housing price via commercial SCP
facilities. The two kinds of requirements are hard to reconcile. [...]”
(Respondent H)

From a cultural and heritage perspective, the questions of
protecting, and enhancing the conservation of historical features
are prominent. The management dimension of the protection
of cultural heritage in the SCP planning areas is currently
not considered by the 2014 SCP guidelines and subsequent
assessment criteria in 2018. For example, Qingyan Ancient Town
is in the SCP planning zone in Gui’an New District (Figure 6).
We explored the viewpoints of urban planners and designers
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FIGURE 6 | Qingyan Ancient Town in Gui'an New District (a); University Town in Gui'an New District (b) (Photographed by authors).

about delivering the SCP in cultural relic protection areas (e.g.,
Qingyan Ancient Town):

“[...] The Qingyan Ancient Town is in core area of Guian New
District. How to coordinate SCP with an ancient town is a huge
challenge in urban planning and building design. It is difficult to
integrate historical architectural features with modern engineering
measures. There are also many law limitations on construction
process. [...]” (Respondent N).

According to the “Architectural Feature Guideline of Guian,”
most building roofs in Gui'an central area must be built with a
sloping roof to align with the traditional building style. However,
green roofs are only suitable for roofs with <15-degree slope
(Gui’an Urban Planning and Construction Bureau, 2018) hence
only suitable for some areas out of Gui’an central area.

Finance

The National Government has subsidized every pilot sponge city,
providing RMB 400-600 million from 2015 to 2018 (Dai et al.,
2017). The subsidies are far from enough to transform a city into
a “sponge;” which requires at least RMB 100 million per km?
(Xiang et al., 2019). The funding issue is a huge challenge for the
next stage of the SCP, as highlighted by the interview respondents.

“[...] The SCP construction requires huge investment. The first
stage of SCP in pilot sponge cities highly depends on the subsidies
from National Government. If there are no additional subsidies,
the SCP will be limited in small pilot areas. We have to initiate
more investment model to implement SCP in the urban scale. [...]”
(Respondent K)

In order to solve the funding issue, the Chinese government has
promoted the Public and Private Partnership (PPP) investment
model since 2016 (Zhang et al., 2019). Although the interview
respondents regard this with limited success:

“[...] The PPP investment model is not mature to all investors. The
investment policy, investment objective and cooperative willingness
still have problems. In most cases, the two kinds of investors

(public and private investors) are hard to be coordinated. |[...]”
(Respondent I)

The National Development and Reform Commission and
Ministry of Finance drafted the PPP policy. The investment
and potential returns are different in different cities and
sponge infrastructures. Indeed, the PPP policy is too general
to implement in all projects. A contradiction typically exists
between public and private investors. Public investors require
maximization of the public benefits of an investment (e.g.,
improving urban landscape and flood prevention), whereas
private investors focus on financial benefits (at least 8% financial
return rate) (Zhang et al, 2019). Interviewees mentioned
the contradiction:

“[...] Different objectives make them hard to achieve cooperation.
In Guian New District, the Yueliang Lake Park, Xingyue Lake Park
and Chetian River Park used PPP investment model with the total
investment of 2 billion RMB (Figure 7). The distribution of cost and
return has yet to be resolved. [...]” (Respondent D)

Unlike power stations and sewage treatment plants, the SCP
infrastructure cannot generate stable financial returns hence
private investors are reluctant to invest in these projects. In
this case, the private sector is typically state-owned companies,
which have the most capital and talented people in China; but
the private companies are relative smaller. The imbalance makes
the state-owned companies reluctant to cooperate with private
companies. In fact, the enthusiasm of private investors appears
to be waning. Compared to 2019, the PPP projects decreased by
25% in 2020; and the implemented PPP projects sharply dropped
by 61% (Sohu News, 2020). The current funding policy could
become major obstacles to scale up national SCP. The National
Government has tried to improve the PPP policy from 2017 to
2020. Until now, the improvement is limited on SCP investment.

Public Perception
The support of local residents is key to the success of the
SCP. Except for some professionals and well-educated people, all
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FIGURE 7 | Sponge parks in Gui'an New District. Chetian River Park (a); Yunman Lake (b); underground tank (c); water front path (d). (Photographed by authors).

residents (10 in 10 residents) have only heard news about the SCP
from the Public Medias such as TV, apps, new paper, and website.
The reason will be further discussed in section Discussion.

The residents in the FGA have a common perception that
the SCP can improve the urban environment (8 in 10 residents
in FGA mentioned). They enjoyed the local recreational (7 in
10 residents in FGA mentioned) and sporting entertainment
measures (6 in 10 residents in FGA mentioned) in the SCP
infrastructures (e.g., wetland park and waterfront trail exercise
tracks). They believed the SCP could raise the local housing prices
(5in 10 residents in FGA mentioned). They also want to get more
multiple benefits (e.g., rising housing price, higher educational
quality, more personal income and more job opportunities) from
SCP. There are two typical statements as follow to validate the
results as here:

“[...] the public awareness of SCP is from TV, smart phone and
website. The public perception is on entertainment, sports and
housing price. [...]” (Respondent a).

“[...] When the SCP projects are built up, the assessment team
usually consists with experts and officials but no residents. The real
feelings of locals are neglected by the team, which is not conductive
to improve the public perception of SCP”[... ]. (Respondent M)

Residents’ perspectives are not typically identified during the SCP
planning phase. The channel of public participation is mostly
via official websites yet the official online participation cannot
effectively collect residents’ real ideas to solve the local issues.
In fact, respondents (residents) in FGA never took part in any

online participant activities. More residents’ opinions should be
solicited via a range of channels (e.g., community surveys, school
education, brochure and invitation for project visits).

SCP infrastructure also require regular maintenance. This
varies by SCP facilities and local conditions. Maintenance can
be as simple as removing marshes and debris in wetlands and
river, or as complex as maintaining ecological sustainability
and diversity. The challenge identified by FGA respondents is
maintaining SCP infrastructures on private properties;

“[...] The Public SCP infrastructures (e.g., wetland parks) are
usually at good maintenance. The challenge in SCP maintenance
is in private houses, apartments and communities. The local
residents have a common perspective that they have no compulsive
responsibilities to maintain SCP facilities in their own properties.
[...]” (Respondent b).

“[...] For example, residents have removed green balconies
and lawns to create larger indoor or parking spaces. On the other
hand, the public buildings generally have better maintenance on
SCP facilities. The public awareness on infrastructure maintenance
needs to be improved in SCP operation. [...]” (Respondent c)
(See Figure 8).

DISCUSSION

China has made a huge decision to develop sustainable city via
SCP. If cities cannot achieve the goals to SCP mentioned in
section Case Study—Background, China government will fail
to deliver on original promises to the world. The cities will
face severer urban flood, waterlogging, urban water pollution,
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FIGURE 9 | Sponge Project Office authorized by the local district government (Source: authors).

i Responsibilities

social well-being, and urban eco-system services issues. Through
the results, be found in case study, via SSI and FGA, the
paper identified the main challenges of SCP in Gui'an New
District are governance, standard, planning and design, finance,
and public perception. The following section will find the
possible solutions.

Establishing an Overarching SCP

Organization

The SCP involves different knowledge and governing fields.
In Gui'an, the collaboration within bureaus is not working
very closely. For example, the Development and Reform
Bureau mainly manage the project approvals; the Housing
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and Urban-Rural Development Bureau focus on the urban
planning and building design; Ecological Environment Bureau
manages urban environment issues; Natural Resources Bureau
manages land use, and; Water Resources Bureau manages urban
water issues. Each bureau has its responsibility in current SCP
management (Yang et al., 2020).

The complex organizational makes SCP
management ineffective. Informed by data collected in SSI
and FGA. A Sponge Project Office (SPO) can be established
under local government. The SPO can be a special organization
(not a bureau) directly leaded by local government. It has
higher authority to order different bureaus. Local government
authorizes the SPO to coordinate all bureaus in planning,
construction and operation (See Figure 9). The SPO can manage
the whole implementation process (e.g., planning, designing,
building, and assessment) to improve organizational efficiency.
According to the different local conditions, the SPO can be
modified to improve adaptability. For example, in Gui'an,
the assumed SPO can purchase urban planning services from
consulting companies if there is a lack of local SCP engineers.
In order to reduce the contradiction within different bureaus,
the SPO can invite officials from related bureaus to have a
joint review.

structure

Deep Integration With Urban Planning via
Suitable SCP Strategies

Different SCP measures are suitable for different climatic,
geographical, hydrological and geological conditions. Many SCP
measures cannot be directly transferred from one place to
another. Northern China cities in plain areas (e.g., Tianjin,
Beijing and Jinan) are facing the problems of groundwater
decline, water pollution, and water shortage. The coastal
cities (e.g., Guangzhou, Xiamen, Ningbo, and Shenzhen)
are suffering from storm surges (Griffiths et al, 2020).
Other inland cities (e.g, Wuhan, Nanchang, and Nanjing)
in middle-catchment Yangtze River are effected by fluvial
floods (Chan et al, 2018). In Guian, the ideal choice is
building soil and water conservation infrastructures to reduce
natural hazards (e.g., retaining wall) (Li et al, 2019). The
SCP guidelines and standards should contain more designs
(e.g., mountain parks) specific to challenges experienced in
mountainous regions.

Urban flood standard of urban drainage system only reaches
1-in-5 year in Gui'an New District at present. The SCP guideline
mostly requires a 1-in-30 year standard. However, urban flood
prevention capacity needs to be at a 1-in-100 year standard
(Ping et al., 2016). It is hard to meet the SCP urban flood
standard by only using SCP infrastructures. For example, the rain
gardens and storage tanks can be filled quickly during intensive
rainfall events. In Guian, the SCP infrastructures mainly
improve the urban landscape. Gray infrastructure still plays
an important role in urban flood prevention. Making the gray
infrastructures more environmental-friendly and developing
green-gray infrastructures are the future paths of SCP (Thorne
et al.,, 2015). The similar statement was collected in SSI:

“[...] the dams and levees are sill the main force to prevent the city

from the pluvial and fluvial floods. The SCP infrastructures, such as
rain gardens and wetlands, have limited flood prevention capacity.
Making the gray infrastructures to be more environmental-friendly
is a reasonable way of sustainable urban flood management in
future. [...]” (Respondent H).

The SCP need an orderly development (Wu et al., 2020). Deeper
integration of SCP and urban planning is necessary. Localized
SCP standards must consider geographical, meteorological
and economic conditions and align with urban planning.
The SCP should be implemented by batches/regions/levels
to form a multi-area and networking layout city (Li et al,
2017). Meanwhile, urban planning should actively adopt the
SCP and continuously be modified. In the process, the SPO
can act as a coordinator within various specialized planning
divisions (e.g., national economic and social development
planning, land use planning, water system planning, fluvial
flooding control planning, urban surface flooding control
planning, traffic planning, green space system planning, tourism
development planning, and ecological protection planning)
(Griffiths et al., 2020).

Transform the SCP Into a Financially

Sustainable Program

As the SCP involves many stakeholders (governments, investors,
developers and residents), promoting cooperation among them is
an effective way to implement a financially sustainable SCP (Tang
et al,, 2018). Transforming the SCP into a “win-win” financial
solution is important. The construction of SCP infrastructure
provides a better living environment for residents. However,
SCP infrastructures usually mean low investment return for
investors. Considering the whole life-cycle cost, more reasonable
investment models should be introduced to SCP practices. An
example is that the local government can repackage the SCP
with nearby land into a new project. The housing developers
will have motivation to invest in SCP infrastructure (Zhang
et al,, 2019). The water company have stable income from water
bills paid by residents. The sewage plant has stable income
from treatment fees paid by local government. If the local SCP
package can include the construction and operational rights for
waterworks and sewage plants, the SCP can attract more potential
private investors.

Another example is the rooftop photovoltaic power stations,
which can increase income to residents. Packaging the rooftop
photovoltaic power station with rooftop gardens, and providing
installation subsidies to residents, can motivate residents to
develop rooftop SCP facilities (He et al.,, 2019). The residents
can also benefit from a rooftop garden that may improve
their happiness and health (reduction of medical expenses).
Meanwhile, a better living and business environment would
attract more companies to provide job opportunities to residents.
The local stormwater policy and practice has yet to establish in
China. Similarly, also to the current carbon reduction and carbon
budget policy, the citizens who have higher rainwater discharge
volume can subsidize people with low rainwater discharge

Frontiers in Water | www.frontiersin.org

May 2021 | Volume 3 | Article 676965


https://www.frontiersin.org/journals/water
https://www.frontiersin.org
https://www.frontiersin.org/journals/water#articles

Qietal.

Exploring Sponge City Program (SCP)

volume. The assumed rainwater discharge exchange policy can
motive residents to build SCP infrastructures (Jia et al., 2017).

Indeed, a financially sustainable SCP requires the government
sacrificing income and providing more subsidies to private
investors or individuals. It will obviously increase the financial
pressure to local governments. The financial balance points
are difficult to find due to the different government budget
and tax income. Local government can have a financial
pressure test (investment-debt test) when choosing different
investment packages and finding the specific financial
balance point.

Improving SCP Assessment Mechanisms
Although the China National Government has published
“Assessment standard for sponge city construction effect (GB/T
51345-2018),” it has less principles about project economic
efficiency evaluation that also applies in the case of Guian
(Yang et al., 2020). Given the enormous costs involved and the
need to make substantial changes to governance and planning,
the economic efficiency of SCP investments has become more
important. For example 4.67 billion yuan (RMB) has been
invested during the first stage of the SCP in Gui'an (Yang et al,,
2020).

The pre-assessment need economically evaluates SCP projects
comparing with traditional engineered measures (Chang and Su,
2020). The direct comparison of economic costs and benefits
can guide decision-making and project selection to maximize
the utilizing value of limited resources (Raymond et al., 2017).
By post-evaluating the benefits and costs of implemented pilot
SCP projects, the economic efficiency assessment can help the
local government in Gui’an to further improve and optimize the
SCP standard.

Still, it is a difficult task to compare SCP measures from
an economic perspective in the policy field characterized
by technocratic governing ideas. After decades of rapid
development, China has accumulated a lot of experience
in engineering techniques for urban construction. From
the perspective of the construction industry, the traditional
engineering measures may have lower economic costs in the
short term due to mature technologies. The SCP measures
is new to the construction industry. The scientific research
cost, transaction cost, and cross-department cost could be
hard to be estimated, which brings more uncertain risks for
investors (Ding et al., 2019).

However, much of the initiative benefits comes from efficiency
gains in social aspects rather than financial one. The pilot projects
should further detailed document information on the costs and
benefits in social side, which may help support the identification
of a more sustainable option to attract more investors from the
private sector.

Improving Public Participation

As mentioned in section Results, we found that most local
residents in Guiyang have actually heard about SCP from the
Public Media channels. The FGA results in this case study were
also validated by willingness research paper (Ding et al., 2019)
and public perception research paper (Yutao etal, 2017). This

gave a credit to the Chinese centralized media management.
If the municipal authorities need to promote and implement
a policy or program, the local government will promote and
advertise the policy or program in various media channels
(e.g., via Television programs, Radio broadcasting channels,
Newspapers, online news, social media channels—WeChat,
Weibo, etc.). The integrated media management enables the
public to quickly know a new policy, which is conducive
to the prompt policy implementation (Xiaoping et al., 2020).
Nevertheless, the perception of residents on SCP is superficial.
The awareness is mainly on meeting personal demand such
as living environment, leisure and sporting place, housing
price, education, income, and jobs, which was also reflected in
FGA results.

In the past, one-fifth of Chinese cities have “image projects”;
constructions for rising a city’s profile rather than practical use
(China Daily, 2010), likely due to a lack of public participation
and monitoring. In order to decrease the risk of “image
projects” in the SCP, one solution is to further increase public
participation. The SCP planning should be fully publicized
to most stakeholders through various channels (e.g., internet,
TV, newspapers, magazines, community classes, and school
education) before project approval (Liang et al, 2020). The
respondent expressed the similar viewpoint:

“[...] in the past, a small part of authorities has invested on “image
projects” such as a huge pseudo-classic architecture in Dushan
County, Guizhou Province. These projects wasted tax money. We
concern the SCP would develop in that way. We want to participate
and monitor the decision making to improve the investing efficiency
via various channels. [...]” (Respondent H).

The public participation is mostly via official websites. The official
online participation model may not be accessible to certain
group, such as the elderly or non-professional people. More
education and outreach should be undertaken in communities
and schools to further increase deeper understanding of the
SCP. Meanwhile, planners should adjust SCP planning after
collecting feedbacks from the public. At the operational and
maintenance stage, the perspectives of owners, users and nearby
residents of SCP infrastructure should be fully collected. In order
to improve public participation, governments could provide
certain subsidies to Non-Government Organization (NGO)
to carry out activities of education, outreach, surveys and
interviews. Referring to planning and designing engineers, a
SCP professional qualification examination or certification can
be promoted. More talents that involve with current and future
SCP can be trained to sustain further development and delivery
of successful practices at the final stage of the SCP (from now up
to 2030s and beyond).

CONCLUSION

Chinese cities are suffering from a range of urban water
issues (e.g., flooding, waterlogging, water pollution, and water
ecological system degradation) which provides an opportunity to
develop sustainable urban water management. The SCP arguably
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is a vivid metaphor that describes the urban surface naturally
absorbs rainwater. We are supporting the future development
of SCP.

Indeed, the SCP can partly address the current urban water
issues, in prior to transforming the Chinese cities toward more
sustainable developing way. Through in-depth interviews of
many stakeholders, we have explored the current governmental
institutional arrangement, social engagement, and financing
challenges of the SCP and the opportunities for further
promotion SCP in Gui’an New District.

The governance system in China is centralized and hierarchy
based with the strong influence from the National Government
and the affiliated policies, which the reasons the SCP can be
progressed and delivered across pilot cities in China. In fact,
we understood the municipal government has paid substantial
efforts to address the shortcomings in SCP to improve the quality
of service.

However, the bottom-up and Civil Society concepts are
still not popular in the Chinese context. Stakeholders and
the municipality authorities have realized the importance of
enhancing better public participation in SCP. Taking the
multiple benefits of SCP forward, we would like to address
some recommendations such as optimizing the organizational
structure (i.e., setting SPO), further integrating with the SCP on
the urban planning system (i.e., Master Plans), localizing SCP
standards by considering the specific geographical (i.e., Guiyang
as a valley city in this case study) and social-economic conditions.

Whilst, we recommend that the municipal government
might consider to promote Green Finance to increase more
common interests to enhance financial sustainability of SCP. The
authorities may also target to improve the current assessment
and benchmarking mechanisms by collecting feedbacks
of stakeholders.
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