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Abstract: At present, the Sponge City Concept (SCC) is gaining ground, Sponge Cities technologies
are becoming more and more accepted by Chinese city governments, and the first best practices are
being shared. However, there are still many challenges ahead which hamper effective implementation
and upscaling. This paper presents an overview of some opportunities and constraints for the
take up of this approach and has drawn upon international experiences. In China at the national
level, the State Council has set a progressive target for the SCC initiative to be achieved in 2030.
This target seems to be ambitious as the time needed for integrative planning and design and
implementation is much longer than traditional sectoral approaches often omitting to address
social well-being, the (local) economy, and ecosystem health. This particularly holds true for the
existing building stock. Transforming the existing building stock requires a long-term planning
horizon, with urban restoration, regeneration, and modernization being key drivers for adapting
the city to become a sponge city. A key challenge will be to align the sponge city initiative (SCI)
projects with infrastructure and urban renovation portfolios. Moreover, substantial investment needs
and a lack of reliable financing schemes and experience also provide a huge challenge for China.
This calls for an integrative opportunistic strategy that creates enabling conditions for linking the SCI
investment agenda with those from other sectors. These transformations cannot be made overnight:
completing the transformation process will typically take a life time of one generation. The progress
in sustainable urban water management is also impacted by innovations in technologies as well as in
management strategies. These technological innovations create fertile ground for businesses to adapt
state-of-the-art developments from around the world and contextualize them into fit-for-purpose
products. China is well-placed to play a leading role in this process in the coming decade.

Keywords: sponge city; water sensitive city; urban water cycle; nature-based solutions; resilience;
urban flooding; eco-restoration; stormwater management; low-impact development; sustainable
drainage systems

1. Introduction

Cities around the world are facing a dire need to take action to manage water-related risks that
are exacerbated by forces of change (e.g., climate, urban growth). At the same time, they encounter the
challenge to become more sustainable and adaptive to cope with resource restrictions, environmental
concerns, and the urgency and uncertainties posed by anticipated future change. Consequently,
they have to capture the synergies between sustainability planning and urban water management
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and mainstream adaptation into all aspects of urban development, service provision, and emergency
management [1–3]. Particularly in relation to extreme weather events, there is a call for adaptation of
infrastructure and the spatial layout of built-up areas to reduce risk [4–6].

China is a country with severe water problems, both in terms of water scarcity and flooding and
water quality. Due to the rapid progress of industrialization and urbanization as well as to increasing
frequencies of extreme weather events, urban water problems have become very prominent in the
socio-political discourse in the country during the last two decades [7]. The damages caused by
floods are exponentially increasing. Amongst these problems, flooding ranks on the top of the most
destructive natural hazards in China. These damages are concentrated in cities and are to a large extent
a result of heavy summer rainfalls. Their frequencies and intensities have significantly increased in the
past few decades [8].

As a response to those increasing flood impacts the Chinese Central Government called in 2013
for widespread uptake of the “Sponge City” approach across China and launched a program to
provide financial support to foster implementation of this approach in a selection of pilot cities [9,10].
The Sponge City approach aims to enhance infiltration, evapotranspiration, and capturing and reuse
of stormwater in the urban environment.

At present, the Sponge City approach is gaining ground, Sponge Cities technologies are becoming
more and more accepted by city governments, and the first best practices are being shared. However,
there are still many challenges ahead which hamper effective implementation of Sponge Cities
technologies in the selected pilot cities and adoption of the approach as a steering concept in
urban planning by the remaining 600 (1 million plus citizens) cities in China. In the coming
decade, innovations in research, education, and technology are urgently required to design, engineer,
and construct Sponge Cities across the whole of China [7].

An important requirement for implementing the Sponge City program is to learn from similar
experiences from around the world. While the term “Sponge City” originates from China and
aims to mimic natural hydrological and ecological processes, the last three decades have seen
numerous developments in using nature-based solutions to address urban water problems particularly
in the U.S., E.U., and Australia [11–14]. Practical experiences with concepts such as low-impact
development, sustainable (urban) drainage systems, water sensitive cities, and green infrastructure,
while not identical, are more and more generating useful lessons and inspiration for the design and
implementation of the Sponge Cities approach and technologies [14,15].

The objective of this paper is to give a brief overview of the recent developments and challenges in
the area of urban water management from a global perspective relevant for the Sponge City Program.
The first section of this paper presents some key features of the Sponge City Program and the challenges
it is currently facing, followed by the second section that provides recent international experiences in
in this domain captured by the term Integrated Urban Water Management (IUWM). Finally, based on
the previous sections, the last section will give an outlook on what the future holds for the Chinese
context and beyond.

2. Sponge Cities Challenges

China has experienced unprecedented urban expansion and growth in wealth since the 1980s.
The urban population has increased a 6-fold in number since 1980, which is about 750 million people.
A similar relative increase in urban population in Europe took place over a time period of more than
120 years. At present, the urban population in China is more than 54% of the total population and the
total urbanized area is about 44.5 × 103 km2.

During this process of urbanization, the design, implementation, and maintenance of the
underground infrastructure, such as the drainage system, of built-up areas could not keep pace
with the aboveground urban development processes and were not part of an integrated planning
strategy. The design of these urban drainage systems is often based on a single design storm and
thereby does not consider a range of plausible ways in which flood risk may shift in the future due to,
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for instance, land-use change. For example, the capital city of China, Beijing, has witnessed more than
a doubling of the total land coverage in the past 10 years and several devastating flood events in that
same period. The affected city areas of Beijing have been constructed in the last two decades. Various
studies have indicated that one of the major causes of Beijing’s recent flood events is a lack of surplus
capacity of the drainage system to cope with extreme weather events [16]. Addition, these studies
revealed that these urban areas did not have sufficient retention capacity to allow for infiltration and
retention of stormwater during heavy downpours. Another cause of increasing urban flooding in
China is that many cities have not preserved their indigenous water infrastructure systems, such as
city lakes and ponds, canals, and peri-urban wetlands. In most cases, urban expansion has resulted in
a staggering loss of unpaved, green, or open areas and loss of water bodies in the peri-urban areas as
well as within the old city centres. As the process of urbanization will continue to rise in China for
the next two decades and probably beyond, it follows from the above that if no proper responses will
be taken in the near future (to move cities away from the business as usual scenario), these cities are
predisposed to experience more frequent flooding with increasing consequences.

Among the current 654 cities in China, 641 of them are exposed to frequent flooding [8]. In 2015,
more than 150 cities were affected by serious flooding causing a total direct flood damage of about
160 billion RMB (or 22 billion Euro) [8]. Over the past 10 years, 2010 ranks number one in terms of
the number of affected cities by flooding and the total direct flood damage. More than 250 cities were
affected with a total direct damage of more than 350 billion RMB (or 46.9 billion Euro) in that year.

It should be noted here that information publicly available on the indirect damage of flooding
occurring in Chinese cities is relatively scarce compared to those reported on the direct consequences
of flood disasters to infrastructure and property (damage to buildings). One of the possible reasons for
this is that the indirect consequences (for instance on urban transport, property value) are generally
spread over a much wider area and therefore more difficult to assess than localized direct flood impacts.
Hence, flooding may indirectly affect the services in cities. If disrupted or destroyed, these would
have a serious impact on the well-being of citizens and the operation of an organization, sector,
region, or government. Based on international experiences, indirect losses are generally larger than
direct flood losses in the case of extreme flood events. By contrast, the direct losses of more frequent
flooding seem to outweigh the indirect economic losses. Indirect economic losses, however, depend on
contextual factors, such as flood exposure and sensitivity of critical infrastructure comprising,
amongst other things, energy supply systems, transport services, water supply, and information
and communication services.

2.1. The Sponge City Concept (SCC)

The term “sponge city”, used in the context of urban water, did probably not originate from
China. For example, Rooijen, et al. [17] used the term to describe the potential of stormwater
runoff from the city of Hydrabad in India to offset the impact of water demand of the city on the
surrounding agricultural water supply. Shannon [18] describes an urban design project for Vinh
city, Vietnam proposed as a “City as Sponge”, which embeds a system of alternating low-land and
high-land strips that could allow for seasonal floods of the Lam River and Vinh River to penetrate
the territory, yet not destroy urbanity. In the project, the existing waterways are developed to be
a completely open and interconnected network in order to maintain their irrigation and drainage
functions as well as to become a local transportation system [19].

The Sponge City (pilot) program was launched at the end of 2014 under the direct guidance
and support of the Ministry of Housing and Rural-Urban Development (MOHURD), the Ministry of
Finance, and the Ministry of Water Resources (MWR). The general objectives of the concept entail
“restoring” the city’s capacity to absorb, infiltrate, store, purify, drain, and manage rainwater and
“regulating” the water cycle as much as possible to mimic the natural hydrological cycle. Hence,
a “Sponge City” is a city that has the capacity to mainstream urban flood risk management into its
urban planning policies and designs. It should have the appropriate planning and legal frameworks
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and tools in place to implement, maintain, and adapt the infrastructure systems to collect, store,
and purify (excess) rainwater. In addition, a “sponge city” will not only be able to deal with “too much
water”, but also reuse rain water to help to mitigate the impacts of “droughts”. The anticipated benefits
of a Sponge City are: (i) a reduction of the economic losses (due to flooding), (ii) an enhancement of
the livability of cities, and (iii) the establishment of an environment where investment opportunities in
infrastructure upgrading and engineering products and new technologies are created and fostered.
The State Council issued a guideline on 16 October 2015, referred to as the “Directive on promoting
Sponge City Construction”, which sets out the target that 20% of the urban areas of Chinese cities should
absorb, retain, and reuse 70% of the rainwater by 2020. By 2030, this percentage should increase up
to 80%.

To meet these targets, provincial governments in China at all institutional levels have to support
the implementation of Sponge City Construction in new built-up areas of city districts, industrial parks,
and development zones. In existing urban areas, retrofitting of neighborhoods, refurbishment of
existing buildings and infrastructure, and other rebuilding activities of old city areas should comply
with Sponge Cities Construction. These autonomous dynamics should be exploited to adapt cities to
better manage the water cycle. Hence, these activities should be aligned with interventions required to
transform these areas into areas that meet the targets of Sponge Cities.

The public sector (national and city governments) is coordinating and managing the implementation
of Sponge Cities Construction. The private sector will have to play an important role in allocating
additional resources. Various fund-raising methods, including public–private partnership and franchising,
will be promoted and required to meet the targets of the guideline. The central government will support
the implementation of Sponge Cities Construction with an allocated central budget, governments at
provincial levels should increase investments, and governments at city levels should prioritize Sponge
Cities projects in mid-term financial budgets and annual construction plans. Banks will also be given
incentives to provide mid- and long-term loans.

The Ministry of Housing and Urban-Rural Development (MOHURD), which is responsible for
the implementation of Sponge City Construction, has estimated that the required investments will be
about 100 to 150 million RMB per km2 (or 13.4 to 21.1 million Euro per km2).

2.2. Pilot Sponge Cities

As of 2015, MOHURD has invested about 6.9 billion RMB (or 0.5 billion Euro) per year in the first
batch of 16 pilot projects. This subsidy varies between 600 and 400 million RMB (or 54 million Euro)
per city. The total investment required to implement the Sponge City approach in these 16 pilot cities
is estimated at 86.5 billion RMB (or 11 billion Euro). With a total surface area of 450 km2, the average
investment will be around 190 million RMB/km2 (or 23 million Euro/km2).

It follows from the above that the subsidy from the central government is far from enough to
finance the implementation of the projects. The majority of the financial resources need to come from
the cities themselves and the private sector. Local governments are generally very keen to become
a national pilot of the Sponge City Program as in times of economic slowdown they expect that the
pilot status will bring in capital to the city, attract private investments, and enhance the investment
climate. However, the private sector is still reluctant to engage as the business opportunities are not
self-evident. It is assumed that the implementation of Sponge City Construction should be a public
responsibility and not a private matter.

In 2016, a second batch of 14 pilot cities was selected by MOHURD. These cities include,
amongst others, Beijing, Tianjin, Shanghai, and Shenzhen. The selection of these cities has been
made on the basis of an application document pertaining to the commitment of the cities to invest in
the implementation of Sponge City Construction.

Based on the information publicly available, it can be discerned that in 2016 about 20 cities
have invested 267 billion RMB (about 36 billion Euro), which on average is about 13.4 billion RMB
(or 1.8 billion Euro per city).
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There is limited insight into the costs of available Sponge City technologies both in terms of direct
costs and maintenance costs. They are dependent on the local context, which may vary considerably.
A fair cost comparison should also consider the additional benefits of a sponge city for its residents,
such as recreational areas, a healthier environment, increased biodiversity, and cooler temperatures.
It is likely that the economic case for such solutions will become clearer as China is moving ahead with
the implementation of the Sponge City pilot projects.

3. IUWM: International Experiences

It is increasingly recognized that floods, droughts, and all sorts of uses of water have to be
managed in an integrative way requiring an approach that acknowledges the importance of the
water cycle as a coherent and many-faceted system [1,20–23]. Integrated approaches to urban water
management have been around for decades. Their popularity has grown rapidly since the early 1990s.
Probably the best example of such an integrative approach is the concept of integrated urban water
management (IUWM) [20]. This concept has multiple definitions and interpretations, but what they
share is that they aim to integrate the management of different sub-systems of the urban water cycle,
namely, water supply, groundwater, wastewater, and stormwater [24]. The SWITCH project was one
of the first research projects which has developed, applied, and demonstrated IUWM concepts and
approaches in 12 cities across the world [25].

Looking at the way different cities and regions historically approached IUWM shows the pattern
that, depending on the acute problem they faced, they had chosen the “point-of-departure” for IUWM.
For example, in Japan the ideas of IUWM originated from addressing the peak runoffs by infiltration
technologies [26]. In the United States, it was largely the need for stormwater quality management,
and in the Netherlands (and arguably in Western Europe) the point-of-departure was the intention of
limiting the stormwater peaks entering the combined sewer systems (disconnection). The primary
driving forces behind SCC in China are the rising flood damages caused by rainstorms as described
above. However, it should be noted that Chinese cities vary in terms of hydrological, socio-economic,
and historical conditions and thus may have very different acute water issues ranging from urban/river
flooding to a lack of water resources to water quality issues. Some “non-water” issues, such as urban
air quality, are also contributing drivers in many cases.

Nowadays, IUWM is sometimes seen as a strategy for achieving the goals of Water-Sensitive
Urban Design (WSUD) [24]. Along similar lines as the Sponge Cities Concept (SCC), WSUD seeks
to change the impact of urban development on the natural water cycle based on the premise that,
by managing the urban water cycle as a whole, “a more efficient use of resources can be achieved
providing not only economic benefits, but also improved social and environmental outcomes” [12,27].
WSUD brings together “water-sensitive” and “urban design”. The term Water-Sensitive refers to a state
in which “residents, community organisations, businesses and land developers, and governmental
organisations value water as a finite and vulnerable resource that is critical to the liveability of
livelihoods, and that this is reflected in their behaviours related to dealing with water resources” [28].
Urban Design refers to the process of shaping neighbourhoods, districts, and entire cities with the aim
of creating functional, attractive, and sustainable urban areas. Hence, it is connected to planning and
architectural design. Ideally, WSUD is the process that brings about Water-Sensitive Cities (WSC) as
the outcome [11,29]. The Australian National Water Initiative defines WSUD as “the integration of urban
planning with the management, protection, and conservation of the urban water cycle that ensures that urban
water management is sensitive to natural hydrological and ecological processes” [29]. It follows from the above
that WSUD and SCC are concepts that embrace water sustainability and environmental protection,
which are closely linked with urban design and explicitly aim to harness all of the opportunities in
the water cycle. Sustainable urban drainage systems (SUDS) are technologies which aim to offset
the excess runoff created as a result of urbanization by promoting infiltration, detention, retention,
and treatment as close as possible to the generating source. SUDS (Sustainable Drainage Systems,
U.K.) and its equivalent BMPs (Best Management Practices, U.S.), in contrast to WSUD, typically take
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one component of the urban water cycle, stormwater, as the point of departure, albeit ideally in
a multifunctional manner [30]. SUDS rely on natural processes, such as evapotranspiration, infiltration,
and natural treatment, and often complement traditional “grey” infrastructure. Green infrastructure (GI)
is often defined as a planned approach to the delivery of nature in the city in order to provide benefits
to residents [31,32]. GI uses natural or semi-natural systems, such as Nature-Based Solutions (NBS),
to provide water resources management options with benefits to providing important regulatory
services, such as pollution filtration, water treatment, flood risk reduction, and modulation of high
urban temperatures. The challenge of maximising benefits and value from GI investment is receiving
much attention by both the scientific community and the finance sector as the awareness is growing that
the broader value of GI needs to be considered when dealing with any aspect of water systems [32–34].

In 2016, the International Water Association launched the Principles for Water Wise Cities [34].
The IWA has developed the Principles for Water Wise Cities to catalyze a shift in the current water
management paradigm towards a more sustainable state in order to make cities more resilient
and livable. The Principles for Water Wise Cities outline a framework to assist urban leaders and
professionals to develop and implement their vision for sustainable urban water and resilient planning
and design in their cities. Through the Principles, urban leaders, water managers, citizens, and other
stakeholders are inspired to collaboratively find solutions on urban water management challenges and
implement water wise management strategies through a shared vision that will enable the development
of flexible and adaptable cities.

In summary, IUWM, SCC, WSUD, SUDs, and GI are terms that, while each being unique, have
considerable overlap as illustrated in Figure 1.
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Figure 1. A classification of terminology related to the domain of integrated urban water management
(IUWM) according to the terms’ specificity and their primary focus (modified from [24]). GI, green
infrastructure; SUDS, sustainable urban drainage systems; WSUD, water-sensitive urban design.

4. SPC China’s Experience

Since the launching of the SPC programme in 2014, China has started a number of specific SPC
projects in different parts of the country. In April 2015, the first 16 pilot cities were selected and this
was expanded with another 14 new cities in 2016. The pilot sites cover a range of different climatic
regions, though almost no cities are included from the western part of the country. Ding, et al. [35]
observe that the range of SPC technologies considered in the SPC programme is limited. This is likely
due to the fact that most pilot cities are located in the central and southeastern regions, where annual
precipitation ranges from 410 to 1830 mm.
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In each of these pilot cities, an area greater than 15 km2 was designated as pilot. Most of these pilot
areas are green-field developments [35]. Urban retrofitting opportunities are largely unidentified in the
programme. Li et al. [10] describes case studies in several pilot cities. Jinan city in Shandong Province
has cultural heritage value due to its famous natural springs. The problems that are addressed by SPC
here include spring protection, flooding, water shortage, and water pollution and the technologies used
consist mainly of stormwater detention, storage, and infiltration with possible reuse. Baicheng city in
Jilin Province on the other hand has harsh winter conditions. The main issues faced by Baicheng during
the Low Impact Development (LID) system construction process are the soil freeze–thaw process,
environmental pollution of deicing salts, and restoring alkaline lands.

During the period of the launch of SPC in 2014 up to the present time, China has implemented
a number of SCP projects and some comparative and analytical studies were done by researchers on
the overall experience. Dai, et al. [36], using Wuhan City as a case study, observed that the government
in China plays a significant role and that civil society is merely the recipient. They recommend
that the government should slow down the implementation of this ambitious programme and help
society and the private sector to catch up and effectively participate. Ma, et al. [37] agree, stating that
inadequate supervision and extensive construction are the critical reasons that hinder a sponge city
from developing healthily and sustainably. Researchers observe that there are considerable knowledge
gaps in the areas of finance and cost of sustaining a sponge city program in larger areas in cities,
the co-ordination across bureaus, the public perception and support, the monitoring and evaluation
of the effectiveness of the sponge city technologies and program, etc., which remain a challenge [38].
They recommend that China should strengthen their international cooperation and collaboration so
that they are able to gain from the experience of institutions around the world.

5. How to Get There?

Cities are adaptive, dynamic systems. They face changing environments and adapt to these changes [39].
Over a longer historical period, cities have always successfully adapted to changing environmental
conditions. However, what is being observed today is that rapid urbanization, although leading to
an increase of economic and social wealth, has also increased the number of people and assets exposed to
water-related disasters. Water-related disasters, such as floods, have become more devastating than in the
past due to an excessive concentration of population and wealth [40]. The “temporized” developments of
cities in the past allowed them to learn and adapt to changing environmental conditions and increasing
risks. However, today, due to the unprecedented rate of urbanization, cities do not have sufficient time to
learn from mistakes to build adaptive capacity. This lack of adaptive capacity is exacerbating the trend of
increasing water-related risks of cities due to a combination of the following “imperfections”, which have
been nested in current urban development processes [41]:

(i) Encroachment and expansion of urban developments onto flood plains and lowlands resulting in
a loss of the natural water retention capacity of peri-urban areas;

(ii) Redevelopment and densification of built-up areas through “infill” of remaining open
(green/blue) spaces, leading to an overall density increase and subsequent increase of surface
sealing and disruption of the natural drainage channels; and

(iii) Increasing interdependency on more diversified infrastructure and a reduction in safety margins
due to ageing and deferred maintenance.

It becomes increasingly important that cities have to build capacity to adapt proactively to the
rapid changes they are currently facing and to anticipate and deal with disturbances and shocks,
such as extreme weather events. They have to adopt flexible, adaptable, and distributed solutions for
urban water management, which are embedded in a long-term integrative and adaptive strategy [2,42].
Monitoring and evaluation will be required to assess the effectiveness of interventions and to allow for
timely adjustment of the strategy.
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In China at the national level, the State Council has set a progressive target: the SCC initiative is
to be achieved in 2030 (see previous section). This target seems to be ambitious as the time needed for
integrative planning and design and implementation, given the technical, governance, and financial
challenges to adopt a broad view on how to manage the present and future water-related risks, is much
longer than traditional sectoral approaches often omitting to address social well-being, the (local)
economy, and ecosystem health. For the existing urban fabric, the management debt from the past in
achieving the standards and goals of flood protection and drainage system upgrading across cities
needs to be resolved first [43]. Transforming the existing building stock requires a long-term, adaptive,
and opportunistic strategy, with urban restoration, regeneration, and modernization being key drivers
for adapting the city while offering opportunities to align the sponge-city initiative (SCI) projects with
infrastructure and urban renovation portfolios [2,44,45]. The substantial investment needs and a lack
of reliable financing schemes and experience also provide huge opportunities for China as they call for
a strategy that creates enabling conditions for linking the SCI investment agenda with those from other
sectors. These transformations cannot be made overnight: completing the transformation process will
typically take a life time of one generation.

From the viewpoint of urban development, typically three distinct zones can be discerned
(see Figure 2). The first is the historical city center (zone 1), which has the oldest building stock
and sometimes monuments or buildings of historical value. Surrounding this historical center is
an established urban zone (zone 2), which is rapidly undergoing densification. In the periphery (zone
3), there is an ever-expanding urban fringe that consists mainly of newly built areas. Each of these zones
require a distinctly different strategy under SCC. In the historical centre (zone 1), the preferred strategy,
referred to as “accept and accommodate”, is to prevent floodwater coming from the surrounding areas
to enter this zone during periods of heavy rainfall. The historical buildings will be protected against
floodwater and floodwater and excessive rainwater in exceptional circumstances will be allowed to
enter into or around the sites in a controlled and predetermined manner. In zone 2, the strategy is to
“adapt and retrofit” the existing urban fabric and aligns with autonomous urban regeneration processes
to restore the health of waterways, mitigate flood risk, and to create public spaces that harvest, clean,
and recycle water. This transformation process is slow and will likely take a few decades to reach full
transformation. Finally, in zone 3, the strategy aims to create “water-sensitive developments” from
scratch (tabula rasa) and newly developed buildings and public spaces will fully comply with the
SCC standards (such as to allow for green roofs, underground storage in the floodplain, and ground
measures, such as swales and rain gardens in the floodplain, where rainwater is collected within
a communal harvesting system).
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It is difficult to assume that Chinese cities have the capability to leapfrog directly into a sustainable
future while avoiding the negative consequences associated with the “traditional” transition pathway
to a water-sensitive city and thus circumvent the evolutionary step of managing the water cycle
in a segmented manner. This will require customized strategies as depicted above placing water
more centrally within the urban (re)development process and taking into account the opportunities
and constraints imposed by the local context utilizing synergies with the management of other
urban systems and services. The SCC sets out targets for the take up of such an approach, but the
translation of this approach into feasible and practical customized strategies is still a challenge.
The concept of “leapfrogging” has drawn the attention of both developing and developed countries
as well as international organizations to create a strategy that responds to the water challenges
that cities are facing [46]. The literature on leapfrogging concepts in sustainability transitions is
scarce [47,48] and very few studies in this field related to the Chinese context have been conducted.
Among them, the most relevant are low carbon energy technology and new energy and wastewater
treatment technologies [49,50]. These experiences reveal that technological innovations are necessary
to leapfrogging; however, that itself is not sufficient. Leapfrogging entails not only technological
innovation but innovations in governance that support the development of customized strategies
capturing a portfolio of local management policies and measures to be implemented at various spatial
scales ranging from the very local scale to the scale of an entire city and even beyond. This will
challenge existing organizational structures, governance mechanisms, beliefs, and traditions [30].
Hence, leapfrogging towards SCC includes the adoption of new governance approaches to support
SCC transformation [51]. The pilot cities now emerging are generating practical experiences and
tailoring existing concepts to a local context and some of them are experimenting with innovative
technologies. It goes without saying that the capability of a city to leapfrog towards SCC also depends
on the extent to which these experiences and outcomes are being effectively shared between the
pilot cities as well as among other Chinese cities. This requires a well-designed city-to-city peer
learning process that supports learning from experiments and full-scale projects between pilot cities
and beyond [24,52,53] That is why the capacity to learn and to engage in city-to-city networks of
Chinese cities will play an imminent role in the process of leapfrogging and upscaling.

6. Outlook

China has the potential to play a leading role internationally in sustainable urban water
management in the coming decade. There are several reasons that support this assertion. One is that
existing urban environmental problems in China (such as water, but there are many others, such as air
quality) are so pressing that they provide immediate-term incentives to invest resources to manage
these problems. The Sponge Cities (pilot) program is a good example of such an immediate-term
incentive. Another is that China has the ambition to play a leading role in science and technology
globally. Therefore, it has dramatically increased its budget for innovation and strengthened its
engagement in international research, such as in the Chinese European Water partnership (CEWP).
It is to be expected that in the near future a combination of home-grown innovations, joint ventures
with foreign companies, and modifications to existing technology will change significantly the way in
which the water challenges of Chinese cities will be managed.

One type of innovation which is currently pushing developments in this area is the wide-spread
use of crowdsourced data (CSD) in the context of participatory monitoring [54]. Early warning,
real-time control systems and smart-phone-based sensors now emerging will disclose distributed
monitoring capabilities at a fraction of the cost and effort compared to that of traditional monitoring
systems [55–59]. These capabilities in conjunction with innovations in data management and
participation related to the internet (such as device-generated content (the Internet of Things, IOT)),
are providing unique opportunities to connect a large number of information generation endpoints
(be it devices or humans) to the process of gathering relevant information. Particularly in the
water management domain, these developments, increasingly referred to as “Web 3.0” [60,61]
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will likely change the way our water systems will be managed in the near future. For example,
they will allow us to have a much more detailed, accurate, and (due to its decentralized nature)
fault-tolerant flood forecasting/warning system in place, which builds upon multidirectional risk
communication and massively distributed sources of information. It will also increase our capability
to assess the performance (and quality) of urban infrastructure systems, such as urban drainage
systems, road infrastructure, and pumps through real-time field monitoring using IOT devices.
However, successfully applying crowdsourced data to environmental monitoring and forecasting
(e.g., flood forecasting) comes with its own challenges [62]. For example, traditionally collected data
(e.g., flow gauge measurements) and CSD (flood levels reported by citizens using their smartphones)
have very different error characteristics. They cannot be used in conjunction without applying novel
data-assimilation techniques. Here, urban water managers can learn from other fields; for example,
atmospheric science [63].

Such innovations will not only create opportunities for cities in developed countries, such as China,
to leapfrog into a more resilient and sustainable state, but also for cities in rapidly growing developing
countries, particularly those with poorly developed water management systems. These innovations
create fertile ground for businesses to adapt state-of-the-art developments from around the world
and contextualize them into fit-for-purpose products. China is well-placed to play a leading role in
this process.
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