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Abstract

Climate change, rapid urbanization and inappropriate urban planning policies in many
countries have resulted in urban water-related problems, such as flooding disasters, water
pollution and water shortages. To tackle these issues, the specific urban water management
strategy known as Sponge City has been implemented in China since 2013. This is a complex
method and one involving many challenges. This paper critically assesses the approaches
associated with conventional urban water management. The Sponge City concept and its
adoption are then scrutinized to comprehensively assess the limitations and opportunities. It
emerges that Sponge City has four main principles, these being: urban water resourcing,
ecological water management, green infrastructures, and urban permeable pavement. The
uncertainties in Sponge City design and planning, and financial insufficiencies are the most
serious problems that can risk the failure of the Sponge City concept. While significant
barriers exist, the opportunities for implementing a Sponge City are evident. To obtain multi-
ecosystem services of Sponge City, it should be implemented at the watershed scales and be
flexible, depending on different decision levels or catchment characteristics. It is essential to
apply an intelligent decision-making mechanism and consider the need for close cooperation
between various agencies with which the central government can work. A suitable sized and
harmonious Sponge City, ensuring a good balance between socio-economic development and

environmental conservation, is the ideal.

Keywords - Sponge City, urban water management, barriers, green infrastructures, socio-

economic development, environmental conservation.



1. Introduction

Water management is an essential aspect in the sustainable development of urban areas
(Schaffer and Vollmer, 2010). Urban water-related problems have raised concerns worldwide
among the scientific community (Marlow et al., 2013). Due to rapid urbanization and the
extreme weather phenomenon, water issues now include more urban floods, over-exploitation
of groundwater, urban water shortages, the wasting of rainwater resources, and water
pollution (Jia et al., 2015; Marlow et al., 2013). For instance, the over-use of ‘grey
construction’ such as concrete and asphalt in urban development has created impermeable
surfaces that are not able to absorb water. This leads to urban floods. The construction of
buildings in urban environments has been about accommodating the rapidly increasing
populations moving to urban areas from the regions. This has resulted in the removal of
natural rainwater-retaining infrastructure including woodlands, green spaces, natural lakes and
wetlands for rainwater recycling processes. For instance, stormwater has been discharged as
wastewater rather than being absorbed into the soil; it should be added to groundwater
reserves to conserve water, or reused as water resources for sustaining people’s lives, abodes

and agricultural production.

Another major reason for water flooding hazards is the problem of maladaptive drainage
systems in urbanized regions. The inappropriate management of urban stormwater is not only
detrimental to people’s health, but the aquatic ecosystems as well. The focus in the last few
decades has been on reducing floods, but now a number of objectives need to be meet for
water quality improvement and rainwater recycling. From an urban water perspective, many
scientists have asserted that the current model of centralized urban drainages is inappropriate
due to constraints associated with climate change, urbanization and social circumstances
(Brown et al., 2009; Pahl-Wostl, 2007). Urban water flooding and pollution have been the

subject of investigation in developed countries since the 1970s (Fletcher et al., 2014). A



number of solutions are suggested to address water issues for urban areas including smart

growth cities and green cities (Liu & Jensen, 2018).

Scientists and policy-makers have proposed several concepts and theories for urban water
planning. These include best management practices (BMPs), which were introduced in the
United States in the 1970s (Fletcher et al., 2014; Scholz, 2006). At the same time, in the
United Kingdom, sustainable urban drainage systems (SUDS) were devised for the purpose of
addressing water pollution and flood hazards (Fletcher et al., 2014). Since the 1990s, the low
impact development (LID) strategy was accepted not only in the United States, but in New
Zealand as well (Chui et al., 2016; Fletcher et al., 2014; Mao et al., 2017). In Australia, which
has experienced six development stages of urban water management, water sensitive city
(WSC) or water sensitive urban design (WSUD) was initiated in the 21% century to bring a
range of benefits which not only protect the degradation of urban water resources, but also
manage and recycle stormwater so that cities become sustainable, liveable and resilient
(Brown et al., 2009; Ashley et al., 2013). However, these concepts and strategies are still very
much in the development stage (Chan et al., 2018), and they have only been applied in small-

scale contexts like experimental pilots and localized areas.

For developing countries like China, most urban areas have witnessed high density population
growth, intensive expansion of impermeable roads and rooftops and pressures of water flood
disasters in terms of climate change. Their urbanized areas with existing urban water
management systems are struggling to cope with these issues. As such, a new approach to
urban water management is essential for developing countries. The Sponge City program was
launched in 2013-14 to address and overcome the above-mentioned issues (Li et al., 2017) by
delivering multiple advantages for urban communities to improve water runoff reduction,
water quality enahancement, better water storage and mitigating greenhouse gas emissions
(GHGs) (Wang et al., 2018). The ambition in China is to create a new kind of urban water

management system known as the Sponge City. Many pilot Sponge City programs
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commenced in 2015 and 2016 with the Chinese government stating that approximately 70%
of stormwater would be recyled from implementing measures to improve permeation,
detention, storage, purification and drainage systems (Li et al., 2017). Additionally, the
Chinese government has aimed to target 20% of its urban areas with the Sponge City concept

by 2020; this will rise to 80% of city regions by 2030.

The reason for implementing Sponge City projects is to mitigate the effects of urban
development on natural ecosystems and solve urban water-related problems at the same time
(Li et al., 2018; Wang et al., 2018). Some prevalent technologies applied in Sponge City
construction are green roofs, green spaces, artifical rainwater wetlands, inflitration ponds and
biological retention facilities and water-permeable paving (Chen et al., 2015; Chen, 2016; Jia
et al., 2017; Li et al., 2017; Li et al., 2016; Li et al., 2018; Wu et al., 2017; Wu, 2015; Zhang
& Che, 2016). To realize the Sponge City concept, the Chinese government invested heavily
in this program with thirty urban areas being selected as the pilot Sponge Cities from 2015 to
2016 (Chan et al., 2018; Li et al., 2017). Some previous studies illustrated the development of
Sponge City, its challenges and opportunities. Recently, Chan et al. (2018) and Wang et al.
(2018) summarize the objectives and influence of Sponge City implementation on urban
water flooding and urban planning, Jia et al. (2017) have described the Sponge City technical
approaches and problems encountered. Some papers noted the challenges and opportunities of
Sponge City construction in China. These range from technical problems to public
acceptance, financial issues and the overall legal framework (Li et al., 2017; Li et al., 2016; Li

etal., 2018; Wang et al., 2017; Xia et al., 2017).

Unfortunately, comprehensive and systematic reviews of Sponge City’s adoption and
development process are rare; moreover, the proposed solutions for Sponge City’s challenges
and barriers are also inadequate. This paper aims to illustrate clearly some aspects: (1)
understanding the evolution of urban water management throughout the world and in China,

and in particular the drivers for Sponge City implementation in that country; (2) clearly
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explaining the Sponge City’s principle concepts and their objective in terms of urbanization
and climate change in China; (3) understanding the barriers to and uncertainties concerning
Sponge City construction in China; (4) the state of feasible solutions for this kind of city, and
(5) what the future of Sponge City development may be in the large-scale context. It is
important to consider the practical implications for developing countries, where serious water

scarity and flood problems are being experienced.

2. Adoption of Sponge City

2.1. Drivers of implementation

China is implementing Sponge Cities that predominantly aim to prevent urban flood disasters.
There are three main factors causing urban flooding - climate change, urbanization and
inappropriate urban planning carried out by city management (see Figure 1) (Jiang et al.,
2018). According to Jiang et al. (2018), one of the leading factors causing floods in China is
climate change, which leads to heavy high intensity rainfall events that in a short time can
generate dangerous flooding situations. As well, climate change means frequent precipitation
extremes that increase flood hazards. Another reason why flood disasters are occurring is due
to rapid urbanization (Wang et al., 2018; Wang et al., 2016; Wang et al., 2017b; Xia et al.,
2017b). During urbanization, natural lands are converted into residential or commercial
places, resulting in more impervious surfaces in urban areas that create uncontrolled water
runoff, thus exposing city people to increased flooding occurrences. As an example, while
there is a priority to erect skyscrapers and buildings in the name of economic development,
this is actually replacing and/or threatening aquatic ecosystems such as lakes and wetland

areas. The end result is a serious compromise of available water resources.

Therefore, large city areas do not have the capacity of absorption, purification and filtration of
rainwater leading to flooding disasters or their re-occurrence (Dong et al., 2018; Li et al.,

2018; Wang et al., 2018). Unsuitable urban planning strategies including poor and insufficient



drainage systems and urban development on the floodplains have created serious problems for
the environment and simply increased the threat of urban flooding (Li et al., 2017; Li et al.,
2016; Liu, 2016; Liu et al.,, 2017). For instance, traditional urban drainage systems are
inconsistent with urbanization and climate change, their facilities are outdated and their
design standards for stormwater management have failed to adapt to urban population growth
(Jiang et al., 2018; Nkwunonwo et al., 2016). The construction and development of buildings
and industrial areas on the floodplains on one hand exacerbates the risk of urban flooding
(Nkwunonwo et al., 2016). It is therefore necessary to construct an effective and conventional
rainwater management system so that it is consistent with urban expansion and climate
extreme events as well. Launched in 2015, many Sponge City projects have been invested

with the capacity to absorb and re-use at least 70% of stormwater for soaking up floodwater.

Urban flooding causes

|
| N |
Climate change Urbanization Poor urban planing
Heavy l Frequent More residential and Improper and | | |Construction and
rainfall precipitation commercial buildings Inappropriate development on
extremes with concrete drainage floodplains
structures systems

Increased impervious l Lack of natural flood
surface areas leading to storage like wetlands,
water run-off ponds and lakes

Figure 1. The main causes of urban flooding

(Modified from Nkwunonwo et al., 2016.)

2.2. Evolution of adoption
Sponge City evolved from traditional urban water management models. Urban stormwater
management has existed in human societies as early as 3000 BC (Burian and Edwards, 2002)

where the aim was to avoid flooding and collect rainwater. Urban drainage development has



evolved through four main periods of human history, these being: the ancient world; the
Roman Empire; the post-Roman era to the 19th century; and lastly, from the 19th century to
now (see Table 1). According to David (2014), the history of water technologies can be
divided into 4 periods (designated Water 1.0 to 4.0) from 2500BC to the present day. In
Water 1.0, the growth of Rome’s population during the Roman Empire period led to increased
demand for water; therefore, Roman engineers constructed an initial water system for
importing and its distribution to households and public spaces through pipe networks and then
the used water released back into the environment. Water 2.0 began when the United States’
economy grew but the burgeoning industries contaminated rivers through polluted
wastewater. To deal with this situation, American bacteriologists created an innovative
wastewater system known as biofilm to purify contaminated water so that it was fit for
drinking purposes. During Water 3.0, the development of sewage treatment was the focus by
building holding ponds to consolidate water and regularize the speed of sewage flow through
filters, which controlled microbes to treat toxic waste before being discharged into rivers. The
final stage, Water 4.0, is one where the next generation of drainage system solves all
problems of the previous three water systems by replacing outdated urban water infrastructure
and making the community more aware about how to manage water resources (Sedlak, 2014).

Table 1. A comparison of different urban drainage systems from 3000BC to the present

No. Period Objective Achievement Limitations
1 Ancient Rainwater Numerous successful and Lack of
civilization  collection; uneconomical sewer optimization and
flooding systems parallel with social numerical standards
mitigation; planning before construction
and conveying (Herbert, 1961)
wastes




No. Period Objective Achievement Limitations

2 Roman Rooftop Uniform roadway drainage Lack of calculation
Empire rainwater practices and large in balancing water

collection; underground sewers storage volume and
flooding construction water supply,
mitigation; leading to water
and water overflowing into
storage in streets and public
underground areas (Hodge,
structures 1992).

3 Post-Roman  Flooding Stone  roadways  with Exposing many
era to the mitigation and surface and subsurface urban drainage
1800s wastewater drainage systems problems due to the

removal constructed with a crown in insufficient
the centre and gutters along maintenance of
the sides; and sewers made sewers and
of wood subsequent  spread

of diseases.

4 From the Integrated Construction method and Methods to design
19" century urban water- maintenance practices and planning a
to the related improving; wastewater sustainable  urban
present day  problems treatment construction; water management

application of computer are still in the

modelling for design and

construction; and enhancing

research and testing

phases




No. Period Objective Achievement Limitations

environmental awareness

Drainage systems have evolved over many centuries during trial-and-error modifications and
after their implementation with increasing sophistication and multi-purpose possibilities.
Whilst initially the primary objective of urban rainwater management was flood mitigation in
combination with rainwater collection for private purposes, from the 19" century until now,
this goal has expanded to integrate other aspects. They include water resources management,
biodiversity and recreational and community purposes. In the 20" century, industrialized
countries in the West developed policies and strategies to address urban water-related issues
due to their massive urban and industrial expansion. Strategies included: best management
practices (BMPs); low impact development (LID) in the United States in the 1940s (Ice,
2004); water sensitive urban design (WSUD) in 1990s Australia (Wang et al., 2018); and in
the 2000s, sustainable urban drainage systems (SUDS) in the United Kingdom. The above-
mentioned stage Water 4.0 focuses on water protection and improving local people’s

awareness of water usage.

Various Sponge City models have been conceived under BMPs-LID in the U.S. for rainwater
collection and improving the quality of water. BMPs-LID were divided into two broad
groups: structural and non-structural. Structural BMPs-LID included ponds, wetlands and
green rooftops (Scholz, 2006) that were built as multi-functional concepts for flooding
mitigation, water quality enhancement, creating green spaces for recreation, and supporting
ecosystems and wildlife. Urban water management in Australia experienced five different
stages including water supply city, sewered city, drained city, waterways city and water cycle
city before implementing water sensitive cities under water sensitive urban design (WSUD)
with the objective of climate change resilience and ecological integrity (Brown et al., 2009).
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The purpose of these concepts is to introduce integrated urban water management so that
development is sustainable. Doing so will ensure the optimal management of water supply,

water treatment and limiting flooding from storm events.

These initiatives involved the design of drainage systems that would be constructed according
to the demands of sustainable development by considering all the issues including quantity,
quality and amenity in stormwater management. Hence, these strategic designs have resulted
in improving community values, biodiversity, educational and recreational functions and
multiple purposes of space (Developer, 2007). These strategies differ from traditional
approaches of urban rainwater management because the latter did not balance amenity aspects

or pay much attention to issues of quality or quantity.

Traditional approach Sustainable approach

Amenity/
biodiversity

Provide sustain better
places for people and
wildlife

Figure 2. Differences between traditional and sustainable approaches of urban drainage
systems

(Modified from Charlesworth, 2010.)

Although the structural BMPs-LID, sustainable urban drainage systems (SUDS), water

sensitive urban design (WSUD), and Water 4.0 have been applied to solve different water
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problems in developed countries, it is still very much a new concept in developing countries.
It is vital to utilize the most appropriate urban water management practices that are suitable
for developing countries. SUDS and WSUD focus on natural hydrological protection and
management of stormwater. In addition, David’s (2014) Water 4.0 concept mainly considers
water supply distribution and its value to society in the U.S. This type of strategy finds it
difficult to address the complicated urban water-related problems that occur in developing
countries like China (Ren et al., 2017). Urban water management problems first raised the
concerns of scientists and authorities in China in the 1990s (Wang et al., 2018). Since then
they have concentrated on how to design drainage systems as a sustainable water supply for
the cities. From 2000 to 2007, the objective of urban water management in China was to
recycle stormwater and treat wastewater. In the following 5 years, urban water strategies in
China increasingly focused on optimizing urban water drainage system for city water

distribution and sewage purification.

However, some water-related issues associated with flooding disasters and water shortages
still exist in large areas of China. This started to occur when the Chinese government
launched the “Open Door Policy” in the late 1970s and the country witnessed rapid
urbanization and socio-economic growth. For example, the population quadrupled from 1978
to 2015 (Chan et al., 2018). This mean that land used for green spaces, wetlands, forestry and
agriculture was converted on a massive scale to urbanized zones where commercial,
residential and industrial development predominated. This drastic loss in natural environment
capital resulted in rainfall infiltration and absorption reduction, and less recharge of
groundwater due to a lower retention capacity of rainwater in urban regions in China, which
results in water shortage in these regions (Arshad et al., 2014; Qin et al., 2013). Consequently,
many cities in China have experienced flood disasters because of the inappropriate urban
drainage system and the phenomenon of unpredictable weather. For this reason in 2014, the

Sponge City concept became a reality in China to help develop sustainable cities (Jia et al.,
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2017; Wang et al., 2018) and provide an integrated urban water management solution. Figure
3 illustrates different urban water strategies worldwide and the implementation of urban water
management strategies in China.

Urban water associated issues:
flooding, water shortage and pollution

e
_*___——_________ ‘.'-'-"'------- 1“‘ _________——__._
I(}*q'ﬂ‘i iﬂ IISA Bﬂﬁt E'UUUS irl UK. 199{]1‘ in Austnﬂiﬂ: {:hina: Ul'hﬂﬂ
management Sustainable Sensitive urban drainage systems
Practice- Low urban drainage design -
impact development systems —
4 e —

1990s: Urban water supply system

¥
2000-2007: Urban rainwater utilization and urban
water treatment system promoting
|

¥
2008-2013: Optimal urban drainage system for water
distribution and sewage treatment

o v
2014-2015: Sponge City implementation for integrated urban water management
increasing urban water resilience

Figure 3. Different urban water strategies of the 20" century

A Sponge City is designed and implemented according to LID strategies that require the
designer and builder having to mitigate the impact of construction on the environment
including water, soil, vegetation, and biodiversity. Thus, respecting nature is the core value of
LID strategies. Low impact development strategies aim to build sustainable drainage systems,
better urban water cycle design and rainwater source controls. Technical methods in LID
assist water infiltrating, filtering, evaporating, harvesting and surface runoff reduction while
mitigating pollution. Therefore, the purpose of the Sponge City is to absorb, store, treat

stormwater and provide stored water for the public when needed through green infrastructure
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applications, for example, green roof, raingarden or bio-detention (Wu, 2015). These
measures help to balance the urban water circulation system and create a high-quality living

environment for both people and wildlife.

Sponge City it
- Ecological -
Services i

Storage and
Purification
improvemeﬂt y Sm’face water S rtin g and Habitat
* runoff decreased n:;::itat forcreatimee
Genetic diversity
prevention

Groundwater Drought reduction

resources increased

Figure 4. Schematic design of the Sponge City and Sponge City Ecological Services

There are many Sponge City objectives (see Figure 4). Firstly, it aims to control urban
flooding disasters (Jia et al., 2017; Wang et al., 2018). In terms of climate change and
urbanization, many cities in China face extreme urban flooding hazards. To solve this
problem, Sponge City has developed alternative infrastructures, for instance green roofs, bio-
retention and permeable pavements to increase water absorption and reduce water runoff. As
a result, urban flooding can be mitigated yet it has to be recognized that an increase in
wastewater due to population growth and industrialization results in serious water pollution in
Chinese cities, affecting people’s health and well-being. Secondly, the purpose of the Sponge
City is to enhance water quality in urban areas by self-purification systems and ecological
waterfronts. The next goal is to recycle stormwater for urban water supply. Here the rainwater
is transformed into a resource, with the purpose of tackling water shortages in the cities,

which is especially critical during times of drought.
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From 2000 to 2007, the Chinese government implemented green infrastructure for stormwater
utilization, but this system’s efficiency in utilizing rainwater was initially very poor. The
reason was the lack of ideal factors including green technologies and materials (Liu et al.,
2013; Shi et al., 2015). This meant that the ideal of the Sponge City improving green
infrastructures so that 70% of stormwater could be consumed or utilized was in fact
undermined. The final aim of Sponge City is to create a pleasant city microclimate. Reducing
the city’s heat through increasing the green spaces with green rooftops, lakes and wetland
areas is strongly desired. In summary, it can be stated that Sponge City enhances a city’s
ecology in four key ways (Gomez-Baggethun et al., 2013) (Figure 4): provisioning of fresh
water and food; regulating the proper cultural use of recreation spaces; and building wildlife
habitat services. Sponge City combats complex urban water-related issues and brings many
benefits for city development compared to the older urban water management systems (see

Table 2).

Table 2. Fragmented engineering measures in older urban water management systems

compared to the Sponge City approach

No. Goals Older urban water Sponge City

management systems

1 Flooding disaster Based on urban river and Building natural hydrological

reduction hard stormwater systems cycle protection and urban
resilience

2 Water supply From ground/surface water Stormwater reused by non-

like rivers and water supply potable water supply

plants
3 Water quality Depending on centralized Creating decentralized system
improvement sewage treatment plant for in-situ reuse of
wastewater.
4 Water Purification No Yes
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No. Goals Older urban water Sponge City

management systems

5 Drought May be possible if Yes

Mitigation designing water storage in
the system

6 Urban heat island No Yes
effect

7 Biodiversity No Yes
conservation

8 Recreational urban No Yes
landscape

Utilizing both green and grey infrastructure can enhance urban resilience. Being greener
would provide higher adaptability and resistibility to addressing unpredictable climate
forecasts in the future, whilst grey development contributes to unsustainable urban drainage
system practices. Up until now, building grey infrastructure is still the main development
method in China to cope with the influx of people who have to be housed quickly. Because
the two kinds of infrastructure (grey and green) provide different benefits in terms of
outcomes of resilience and improvements, a good strategy is to integrate green and grey
infrastructures into one hybrid control system. Doing so will bring about more advantages and
reduce problems whilst improving the resilience of existing urban drainage systems (Dong et

al., 2017).

3. Sponge City initiative

3.1. Principle concepts

There are four main principle concepts involved in the Sponge City. The first aim is to make
the surface of the city better able to absorb and store rainwater in order to supply water and to

mitigate the water runoff, given that the latter can lead to floods. The second principle is
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about water ecology management via water self-purification systems and the provision of
ecologically friendly waterfront design. The third is concerned with the application of green
infrastructure to purify, restore, adjust and reuse stormwater, which helps the cities avoid
water and soil pollution. This will curtail the urban ‘heat island’ effect and support sustainable
urbanization. Fourthly, using permeable pavements in urban road construction will benefit a

Sponge City.

Infiltration, absorption, storage and purification
creating a water resource in rivers, lakes and in
groundwater and providing when needed

Flooding disasters

Water pollution
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Figure 5. Urban water issues, Sponge City’s principle concepts and goals

Sponge City implementation can be divided into macro-scale and micro-scale scenarios. In
the micro-scale context, the main focus is on implementing designs for site level including
rain gardens, stormwater-bio-retention and constructed wetlands. From maximizing the
effective of micro-scale Sponge City in site level and localized level, Sponge City is scaled up
into catchment level in order to enhance hydrological and bio-ecological benefits (Zhang and
Chui, 2019). Regarding the macro-scale, stormwater infrastructure systems are integrated

with natural hydrology systems to protect riparian corridors including grass, trees, shrubs and
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the buffer areas of these corridors. A novel model that incorporates the available spatial data
(social-economic, land use, climate, green infrastructure practices and hydrological condition
information) plays a vital role in upscaling of Sponge City technologies from plots and
localized areas to catchments (Golden and Hoghooghi, 2018; Zhang and Chui, 2019). Table 3
below summarizes the micro-scale and macro-scale contexts of the Sponge City approach in
terms of hydrological, water equality and bio-ecological benefits. It should be noted here that
the micro-scale benefits drive the macro-scale benefits. Bio-ecological and water quality
benefits are created by hydrological benefits by enhancing water infiltration and water flow
recharge (Zhang and Chui, 2019). Successful implementation of a catchment-scale Sponge

City can be achieved by maximizing green infrastructure practices.

Table 3. A comparison of Sponge City advantages in micro scale and macro-scale

(Adapted from Zhang and Chui, 2019)

Hydrological benefits Water quality Bio-ecological
benefit benefits
Micro-scale ~ Water infiltration and Water quality Soil environment and
recharge improvement control vegetation growth

improvement
Decrease of water surface

runoff peak and volume

Increase in evapotranspiration

Macro-scale  Base flow and stream flow Water quality Urban-environment

recharge improvement enhancement
enhancement
Enhancement of hydrologic e
Y & Biodiversity
connectivity .
conservation

Protection against flooding Erosi ducti
rosion reduction
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3.1.1. Resourcing rainwater

The rapid increases in population, urbanization and industrialization and excessive water use
for agriculture pose real and long-lasting threats to existing water resources. Therefore, an
alternative water resource is required to combat the lack of water resources, given that
sustainable water resources management plays a vital role in socio-economic development.
Stormwater harvesting is one of the oldest methods known for addressing water shortage
(Campisano et al., 2017). Rainwater harvesting (RWH) includes the storage of rainwater from
rooftops and other building surfaces for domestic purposes such as irrigation, household
laundry and cleaning. Many technologies were developed to construct RWH systems, for
example, tank systems for rainwater recycling in Japan in the early 1980s and green roof
infrastructure in Germany in the 1960s (Campisano et al., 2017). Rainwater harvesting
systems have been introduced successfully in Australia, the United States and European
countries on a small-scale. Recently, such practices are being increasingly implemented in
developing countries. Rainwater harvesting is a feasible solution not only to alleviate an
increased water demand in many countries, but also to mitigate water runoff (Campisano et

al., 2017; Christian Amos et al., 2016).

The existing RWH initially focused on the restoring and recycling of stormwater without
paying attention to the many benefits of RWH. RWH in an integral part of the LID, SuDS and
Sponge City concepts, and it aims to ameliorate the peaks, frequency and volumes of urban
water runoff (Christian Amos et al., 2016). In order to ensure a Sponge City successfully
resources rainwater, it is necessary to understand the area’s hydrological characteristics
including water surface runoff, flow time, discharge, speed, size and peak time to better
connect between natural water networks and urban drainage systems to control urban
flooding. In this way, the water storage capacity of urban infrastructure can be enhanced. As
well, a wetland ecosystem design including natural and artificial designs for RWH 1is

important for Sponge City rainwater resourcing construction, as it will improve climate
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regulation, flood prevention and water purification. The community can enjoy the ‘saved’

landscape for entertainment and leisure activities.

3.1.2. Ecological water management

Rapid urbanization and industrialization have threatened the water quality in many areas. The
Sponge City concept ensures the water environment is restored ecologically through a self-
purification system and waterfront design, with the creation of healthy water landscapes for
people and wildlife. The water self-purification process is very complicated in that it includes
physical, chemical and biological processes. Normally, the biological purification process is
considered an environmentally friendly method. There are four factors, which significantly
influence water self-purification. The first factor is the hydrodynamic force, which adds to a
mixture of pollutants, their movement and the water dissolved oxygen content. Soil is the
second factor and it serves to remove pollutants through absorption, sedimentation and
filtration. The third one is plants that can remove heavy metal pollutants, nitrogen and
phosphorus. Fourth and finally, microorganisms can help contaminant degradation. Another
form of ecological water management is ecological waterfront design. Waterfront design aims
to integrate cities and a water system in order to develop macro- and micro-urban
environments. In the construction of a Sponge City, both natural and artificial ecological
waterfronts can protect against riverbanks’ erosion and consolidate the water self-purification

system (Wu, 2015).

3.1.3. Green infrastructure

Green infrastructure has emerged as the solution to protect the environment and make urban
environments sustainable. The implementation of Sponge City can be involved in a wide
spectrum of green infrastructures with nature-based solutions such as detention basins,

infiltration systems, filter drains, filter steeps, swales and wetlands. There are two main types
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of green infrastructure in Sponge City implementation: green roofs and bio-retention. These

kinds of infrastructure are described in more detail below:

> Green roofs

Green roofs are also known as living roof or rooftop garden (Mentens et al., 2006; Sailor,
2008; Shafique et al., 2018; Stovin, 2010). Green roofs are constructed to be covered by
vegetation and/or plants. The green roofs concept has been documented in LID strategies and
SUDS techniques. Green roofs promote vegetation planting on the tops of buildings. They
serve to: reduce stormwater runoff; mitigate the urban heat island effect; reduce energy
consumption; enhance air and water quality; improve wildlife habitat and plant life; and boost
recreational activities through green areas (Besir and Cuce, 2018; Brudermann and
Sangkakool, 2017; Chen et al., 2018; Coma et al., 2018; Mentens et al., 2006; Sailor, 2008;
Shafique et al., 2018). The application of green roofs started many years ago but the modern
green roof system started initially in Germany during the early 1960s with the aim of reducing
energy consumption for buildings. Germany is considered a leader in green roof technology
because its system is well developed, designed and implemented on a large-scale (Zhang et
al., 2011). Figure 6 presents the history of green roofs worldwide. They were first introduced
into China during the 1980s and in the U.S. in the 1990s. The Environmental Protection
Agency of the United States published documents (2009) on how to construct green roofs and
what the advantages benefits are. Some years later, more studies about the design,
implementation and maintenance of green roofs were conducted in the U.S. (Jim, 2017,
Shafique et al., 2018). Currently, green roofs are being built in many countries thanks to
successful implementation of green roofs in Germany, the United States and European

countries.
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Figure 6. History of the development of green roofs around the world

Green roofs consist of five main components, these being waterproof membrane, a layer of
drainage system, a filter membrane, soil and plants (Zhang et al., 2018b). Each layer needs to
be selected based on the physical and climatic conditions. There are four types of green roofs:
intensive; semi-intensive; multi-course extensive; and single-course extensive. Their
respective substrate thicknesses are >12 inches, 6-12 inches, 4-6 inches and 3-4 inches
(Molineux et al., 2017). Of these the single and multi-course extensive green roofs are most
popular because they weigh and cost less, are easy to maintain and do not require irrigation.
Green roofs are advantageous as they support natural hydrology and the environment.
Although this research aims for best practice in encouraging countries to adopt the most
suitable green roof systems, further R&D is required. This is particularly the case in
developing countries given their diverse climates and geographical conditions in comparison
to developed countries, for example, in Germany or the United State (Besir and Cuce, 2018).

> Bio-retention

Bio-retention systems are also known as bio-filters or raingardens (Davis et al., 2009; Fujita,
1997; Laurenson et al., 2013; Mangangka et al., 2015; Trowsdale and Simcock, 2011).
Normally, a bio-retention system consists of five overarching components, which are drainage
layer, transition layer, submerged zone, filter media and detention layer (see Figure 7). Each
layer in the bio-retention system is constructed according a specific area’s characteristics.

These help filter polluted stormwater and remove contaminants via biological processes using
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active plants and sandy loam layers. Bio-retention systems are considered to be feasible
solutions in sustainable rainwater management practices (Muthanna et al., 2007). They are
designed to manage stormwater peak flow, runoff volume reduction, groundwater recharge
enhancement and stream base flow maintenance (Davis et al., 2009; Randelovic et al., 2016;

Rycewicz-Borecki et al., 2017; Wang et al., 2017a).

Bio-retention systems can potentially regulate water quality and control non-point source
pollution (Jiang et al., 2017a). These systems, as small sponges for cities, have been a popular
method to mitigate urban flood disaster (Jiang et al., 2017a). In researching the urban context,
previous studies paid more attention to the performance of bio-retention in hydrological
systems, but did not focus on the role of these systems in terms of urban stormwater
management and climate change. Published studies on effective improvement of bio-retention
in terms of climate change and urbanization are very few (Wang et al., 2016). It is therefore
critical to conduct an extensive research for the assessment of bio-retention’s function and life
cycle maintenance. More experiments need to be done to evaluate the biological and
hydrological performance of bio-retention systems (Liu et al., 2014). Also, the appropriate

computational model to forecast bio-retention’s efficiency before implementing is needed.
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Figure 7. Bio-retention design

3.1.4. Urban permeable pavement

Permeable pavement is a Sponge City technology utilizing permeable materials to build
ground pavement, the aim being to improve rainwater infiltration, and purification of
groundwater for urban supply, reducing water runoff, cooling, humidification, noise
reduction, and environmental and ecological soil restoration (Hu et al., 2018; Liu et al., 2018;
Scholz and Uzomah, 2013; Yu et al., 2017). Urban pavement includes roads, squares, parking
lots, and urban site walkways (Kamali et al., 2017). Each type of urban pavement is designed
differently depending on traffic quantity and road loads. There are four main types of
permeable pavements: grass pavement (GP), permeable asphalts (PA), permeable concretes
(PC), and permeable interlocking concrete pavers (PICP) (Woods Ballard et al., 1015). PC
performs better than PA and PICP if without considering the impact of clogging by particle
deposition concentrations on the surface of permeable pavement (Hu et al., 2018). These

permeable pavements have been studied and adopted in many parts of the world to mitigate
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flood disasters using urban water management practices, such as low impact development and

best management practices (Brunetti et al., 2016; Hu et al., 2018).

Permeable pavement parking lots may significantly benefit eco-systems because they have the
potential for rapid infiltration of stormwater, which will reduce a high level of water runoff
(Kumar et al., 2016). Some studies found that the performance of permeabele pavements in
terms of flooding reduction is even better and more effective than other Sponge City
technologies, including greenroofs or rainwater resourcing (Chandana et al., 2010; Hu et al.,
2018). For example, the construction of permeable pavements reduced total water runoff in
Tianjin University campus, China, by nearly 35.6% (Huang et al., 2014). However, the
construction of urban permeable pavements should be suit the local conditions and need to
take consideration the clogging problem and life cycle of permeable pavements. In highly
polluted regions and unfavorable soil permeabiltiy, this technique is not suitable (Yu et al.,

2017).

3.2. Overview of current implementation

Hard engineering-based management measures are still prevalent particularly in the
developing urban environments where flooding disasters and water-related issues must be
confronted. The Chinese government adopted the Sponge City Program (SCP) in 2014, to
deliver nature-based solutions for urban water-related problems. The overarching objectives
were to absorb and reuse 70% of stormwater in urban areas by developing or improving
permeable surface systems to infiltrate, store and purify rainwater for reuse, and replace the
impervious infrastructure systems (see Figure 8). The idea behind Sponge City is to construct
urban areas that are less likely to impact on the natural environment, and here its
implementation will differ depending on wurban areas’ geographical context, climate
conditions and their development strategy and plan (Li et al., 2018). Since 2016, the Sponge

City objectives have comprised sustainable goals for water urban development in ecosystems
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restoration, degraded water bodies enhancement, urban heat island effects mitigation and
smart urban water cycle construction (Li et al., 2017; Li et al., 2018; Li et al.; Liu et al.,

2017).
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Figure 8. Difference between impervious surfaces and pervious surfaces

The implementation of Sponge Cities now follows a sustainable or greener approach
specifically addressing urban water-related problems. Building diverse sponge infrastructures
of green roofs, parks, and waterfront areas is promoted. All cities in China are expected to
take part in the Sponge City program because the attraction of initial investment from their
central government to assist Sponge City construction. Actually, the Chinese central
government invested initially approximately US$50-100 million for SCP each pilot city
(Association, 2017). Yet this level of funding may still be insufficient for the overall project.
In the near future, China’s government does expect private funds and public-private sector
partnerships to drive the investment in building Sponge City infrastructure. The expectation is
that 50% funding of total investment will originate from the private sector, local governments
will contribute 40%, and the central government will contribute 10% (see Figure 9a) (Liang,

2018). However, regarding public perspective (Figure 9b), 72.63% of respondents believed
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that the primary financial source for SCP should come from government’s subsidy (Wang et
al., 2017b). From both perspectives, the commitment of China’s local municipalities and

public-private partnerships (PPPs) will be significant to Sponge City success.
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Figure 9. (a) Investments by different stakeholders in Sponge City projects from the Chinese
government perspective, (b) the main sources for Sponge City projects from public

perspectives (Adapted from Wang et al., 2017b.)

In 2014, China’s Ministry of Housing and Urban-Rural Development published the technical
guideline for Sponge City implementation (Li et al., 2016). The guideline focused on how to
enhance conventional urban drainage with the objective of making water runoff from up to
1:30 year 24-h rainfall, in comparison with the runoff at 1:1 year rainstorm at the present
(Chan et al., 2018). The guideline initially compared construction and maintenance costs of
drainage infrastructure, in which rain garden, bio-swales, vegetation buffers were less
expensive than artificial ponds and green roofs (Chan et al., 2018). After its issuance in 2015,
the Sponge City program was proposed for pilot construction in 30 cities from which sixteen

cities and fourteen cities were selected in 2015 and 2016, respectively. The management
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hierarchy of the Sponge City is classified as a shared responsibility between central

government and local government (see Figure 10).

Chinese Central
Government

National Development and
Reform Commission (NDRC)
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Figure 10. Chinese central government bodies involved in Sponge City implementation

The Chinese government is coordinating the work of other official bodies. The National
Development and Reform Commission (NDRC) has been responsible for strengthening
special financial support for Sponge City construction. The Ministry of Finance has allocated
and generally managed funds for each area. The Ministry of Urban and Housing (MOHURD)
has issued guidelines and standards for sponge city implementation as well as supervised pilot
projects. The task of the Ministry of Water Resources is to supervise and guide Sponge Cities’
water conservation aspects. Bodies that work at the local government level are responsible for
planning and implementation of Sponge City projects in their jurisdictions. The close
cooperation of various levels of government administration is a vital factor for successful

implementation of Sponge City.

4. Barriers and opportunities of Sponge City adoption
4.1.Barriers against adoption

4.1.1. Technical and physical challenges
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China is encountering some major technical challenges in implementing the Sponge City.
There are large technological discrepancies between developed and developing countries,
where the latter have limited expertise or skills regarding green materials for green roofs or
bio-detention, lack of technical guidance and training, outdated supportive simulation models,
and insufficient performance data for planning and design matters. In addition, operation and
maintenance difficulties and some physical challenges including climate, soil and

geographical conditions are barriers to implementing a successful Sponge City.

» Technical gaps and limitations that are evident in developing countries

The first overall problem is the technical gap between developed and developing countries,
where the latter find it difficult to apply or accept technologies (Jia et al., 2017; Li et al.,
2017; Lietal., 2016; Li et al., 2018; Ma et al., 2017; Xia et al., 2017a). Therefore, much more
research has to be conducted on Sponge Cities in developing countries (Li et al., 2017). All
countries have their own distinctive geographical, climatic and soil conditions, so the design
strategies implemented and the measures for construction need to be compatible with each
location and or region, and should not be modelled incorrectly. Although the LID practices
were introduced into China a decade ago, large-scale developments are still limited due to the
lack of domestic and local research. In addition, urban water management technologies and
the green infrastructure industry are much more advanced in wealthier countries, such as
Germany, the UK and the U.S. They have industries that can provide a range of green
materials for green infrastructure building. Unfortunately, Sponge City products and materials
such as green and blue modular, large-scale underground detention and monitoring equipment
in China mainly come from abroad, which may be not suitable for local conditions. The
unavailability and uncertainty of rain garden systems, green roof system, tree planter,
infiltration planter system, underground infiltration and monitoring system, could undermine

the whole rationale of the Sponge City program (Li et al., 2017; Xia et al., 2017).
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» Lack of technical guidance and training

Although still in its pilot stage, Sponge City construction relies mainly on provincial and
national guidelines for implementation, yet there is an issue here in that national guidelines
only provide general advice while local guidelines emphasize technical issues. As the
guidelines used are similar to the U.S. regarding best management practices and LID
measures for urban water management, they do not pay attention to the varied conditions that
exist throughout China, such as levels of runoff, climatic and soil conditions, etc. (Li et al.,
2017; Ma et al., 2017). The major problem that contributes to Sponge City failure is the
limited design strategies that encompass relevant standards and codes for diverse regions.
Thus, each urban area should identify its own appropriate Sponge City measures (Association,
2017). Not all personnel involved are equipped with the essential knowledge about what a
Sponge City actually needs, what the objectives are, and urban hydrology and hydraulics
ranging from site scale to watershed (Jia et al., 2017). The lack of experts (architects, urban
planners, hydraulic and environmental engineers, hydrogeologists, agronomists, etc.) to help
build the Sponge City and limited educational and training courses for the up-skilling of local

staff leads to inappropriate approaches and not successful outcomes.

» Current and relevant simulation models for Sponge City design

To assist Sponge City planning and assessment the correct simulation model is required.
Computer models apply a simulated design, policy, and strategy including widely used or
accepted measures. Computer software modelling has the ability to consider various factors
and environmental scenarios, for example: stormwater management in developed countries as
part of the sustainable water management model (SWMM); stormwater quality model (SQM);
and urban-water modelling software (MIKE-URBAN) (Bach et al., 2014). Enhanced models

that can be adapted to the complex diverse urban water system variables in developing
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countries must produce a good fit and align well with the objectives of Sponge City purpose

and mission.

» Unavailable urban performance data

Creating a Sponge City is very complicated and many variable factors have to be accounted
for: hydrology, land-use systems, urban development, and biodiversity (see Figure 11). All
these aspects require evidence-based research. Performance of data for specific locations
helps us to understand the range of climatic conditions and/or natural precipitation data, soil
data, surface and groundwater characteristics, existing drainage systems and information on
how buildings are constructed (Li et al., 2017; Shao et al., 2016). China currently has only
limited regional data for Sponge City implementation. Without these input data, it is difficult
to apply computer modelling for the Sponge City simulation, meaning that the outcomes of
Sponge City construction cannot be accurately forecast. Thus, the lack of evidence becomes a
hindrance to empowering people who, specifically, in the public to create change and
participate in public-private partnerships supporting for SCP (Li et al., 2017; Wang et al.,
2018). Furthermore, there are challenges due to the lack of knowledge compromising the

ability to propose appropriate design strategies and measures for each urban area.
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Figure 11. Required data for Sponge City design

4.1.2. Financial challenges

While Sponge City can be applied a simple low cost materials from LID and SUDS systems
in small-scale, a completed Sponge City implementation at catchment scale requires
substantial investment. Research on cost-benefit analysis of such projects is still limited, so
the cost and benefit of Sponge City projects is difficult to compare. Liang (2018) conducted a
project to assess the socio-economic and financial or investment aspects of Sponge City
projects in the city of Chang-De in China. The project found that the environmental and social
benefits of the Sponge City program should be encouraged by the government and the wider
society. However, it determined that the private sector would not invest in a Sponge City
project due to higher costs not being matched by higher revenues (Liang, 2018). As a result,

the objective appears to be somewhat challenging in terms of the Chinese government
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attracting the investment of public-private partnerships, as this would require approximately
50% of total costs and may not be feasible. Nonetheless, this is only one scenario where the
life cycle costs have to consider the design, construction costs, operation, maintenance costs,
and compare them to the yet uncertain environmental, ecological and social benefits.
Consequently, more research is required on the financial viability of Sponge City projects, in
which life cycle benefits should be clearly articulated in terms of social wellbeing, return on
investment, the value of private-public partnerships (PPP) and the role of local or regional

organizations.

4.1.3. Administrative fragmentation

China’s government administration system lacks cooperation between related functions or
agencies (Jiang et al., 2017b; Li et al., 2017). As inter-connectedness is required to promote
the Sponge City’s aims for positive societal outcomes with urban planning, water
management, land use and supporting eco-systems, so the value of community cooperation
and the support from all levels of administration and agencies are essential for Sponge City
construction. The complex nature of Sponge City implementation requires not only
appropriate acceptance of technologies but also strong management systems and governance
capabilities. The complex and fragmented structure of China’s administrative system offers
less opportunity for participation and collaboration between ministries, public/private sectors
and local government bodies. Furthermore, the objectives of Sponge City may prove too
difficult to achieve without a sense of collaboration and strong coordination between multiple
stakeholders in sharing data, financial resources, etc. Having an appropriate legal framework
or agency body that can ensure sharing of benefits between sectors will help cooperation and

involvement of inter-agencies.

4.1.4. Public awareness and acceptance challenges
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Community acceptance challenges is one of the strongest barriers against the adoption of
Sponge City. Central government subsidies are inadequate due to the high and long-term
funding requirement for construction. Therefore, the mobilization of non-government sources
of finance is very important for Sponge City planning and building, especially when
insufficient financial resources from the government make these sorts of projects difficult to
achieve. China’s central government and policy-makers have to recognize that in the long-
term, the public-private partnership (PPP) strategy is the best way to make the Sponge City
viable (Hodge and Greve, 2007; Zhang et al., 2018a). Improving public attitudes and
perceptions of the Sponge City meet obstacles because the concept is still a very new one in
China and the availability of information on public perceptions and willingness to pay for this
ambitious project is still limited. Achieving public participation, people’s willingness to
invest, and having the education, training and information dissemination methods to support
regions should be discussed with a broad array of public groups ranging from political leaders
to everyday citizens (Li et al., 2017; Wang et al., 2017b). The more people who understand its
mission the more an urban community will adopt the Sponge City ethos. Ultimately, the
benefits will reduce the dangers posed by urban flooding, lead to less pollution and mitigate

water shortages.

4.2.0pportunities

Although the Sponge City idea was based on other concepts like LID, BMP, SUDS and
WSUD, which have been implemented in developed countries, its objective is different. Its
implementation is envisaged in terms of overcoming serious challenges in China in particular
and in developing countries in general. Sponge City implementation not only has
encountered some general challenges of other urban water management models, its

implementation but also has associated distinct risks. The significant technical difficulties are
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the lack of an appropriate simulation model that includes the relevant factors based on
evidence for implementing Sponge City designs. Local authorities simply imitate other cities’
Sponge City plan that may not be suitable for their area. The second serious barrier is a
monetary one in that building and maintaining a Sponge City requires a huge amount of
finance, which the central government is reluctant to provide. It is important to attract funding
from the public-private sector groups and international organizations. As well, the Chinese
government must organize training courses for residents so that they understand the
significance of the Sponge City. The successful implementation of the Sponge City program

is based on four key aspects, which are illustrated in Figure 12.

Figure 12. Key aspects to successful implementation of Sponge City

The various technical, physical financial, regulatory and community challenges of Sponge
City program are summarized in Table 4. The presence of these challenges can hinder the

overall Sponge City implementation.
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5. Future perspectives
5.1.  Enhancing monitoring, evaluation system and promoting multi-channels cooperation

management system

Sponge City projects require a systematic process of monitoring, evaluation and
management (Hakimdavar et al., 2016). Prior to the construction, an integrated data system
needs to collect information on: 1) suitable technologies; 2) identifying the investment
sources and where the money is being allocated; 3) design and planning; and 4) evaluating
the potential outcomes including the long-term effects and life cycle benefits (Jia et al.,
2015). A long-term monitoring system should be implemented so that the Sponge City’s
functions for managing urban water supply and management are well understood. The results
of proper evaluation and a long-term monitoring process will assist the development of
Sponge City construction in other areas of China and elsewhere in the world. It is evident that
many agencies will need to cooperate in order to share management data and avoid conflicts

about aims, policies and benefits.

5.2. Developing a decision support tool for sustainable implementation of Sponge City

An appropriate simulation model is an indispensable method for supporting policy-makers,
designers and builders in the construction of urban water drainage systems in watershed
scales and continental scales (Bach et al., 2014; Stanchev and Ribarova, 2016; Golden &
Hoghooghi, 2018; Zhang & Chui, 2019). Some urban stormwater models have already been
developed and applied globally, for example SWMM, MIKE URBAN and Info-works CS
(Bach et al., 2014), but these models may be not effective for solving many complex
problems in Sponge City construction. The new model should be able to: firstly, predict the
amount of urban rainfall-runoff with an understanding of complex surface characteristics of

urban regions; secondly, simulate physical and chemical processes of green infrastructures in
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pollutants absorption and mitigation; and thirdly, forecast the ability of Sponge City
management systems to prevent or minimize flooding. To ensure the Sponge City model
works at its most effective, three major emerging problems must be addressed: (1) Online and
physical tools need to be integrated and available for the sustainable urban water
management model to work (Butler & Schutze, 2005; Diaz-Granados et al., 2009), (2) the
application of integrated models that pay real attention to tackling the range of uncertainties
in their model (Liu et al., 2008); and (3) more investigations carried out on integrated models
(Urich et al., 2013), in order to obtain longer time series simulation and higher integration

levels.

5.3.  Valuing Sponge City Ecosystem Services

Valuation of Sponge City ecosystem services can play a key role in raising the perceptions of
public-private partnerships that this kind of project is viable. Sponge City implementation
involves a range of values, including biophysical, economic, cultural and health values. All
projects need to conduct a cost-benefit assessment and this involves, crucially, the public and
private sectors (Toran, 2016). The assessment of cost-effectiveness of urban sponge projects
encounters many obstacles due to the unknown maintenance and monitoring costs, and in
calculating, the life cycle benefits related to social and ecological amenities (Liang, 2018;
Mao et al., 2017; Association, 2017 ). Perceived benefits have to consider social and
ecological amenities including biodiversity, recreation spaces, urban heat reduction, and

healthier ecosystems, but these are difficult to quantify.

In addition, Sponge City implementation may have a positive effect on the value of properties
located in or around the construction areas (Zhang et al., 2018a). Answering the question
whether the Sponge City program will be cost-effective requires further analysis about

economic benefits in a large-scale context (Chui et al., 2016). As well, different locations
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with varied hydrology, society and urban infrastructure will result in different outcomes and
levels of success. Therefore, pilot projects and simulation scenarios may help identify the real
costs involved and a more precise understanding of the benefits to all stakeholders. This
results in increased public engagement and people’s willingness to pay for Sponge City
initiatives. To evaluate the benefits from ecological services and economic benefits of SUDS
projects, the Construction Industry Research Information Association (CIRIA) in the United
States was initiated W045 BeST (Benefits of SUDS Tool), which can estimate the overall
advantages of SUDS practices versus existing urban water management practices. Sponge
City projects can apply this tool for assessing their ecological services. However, the
constraint of this tool is its difficulty in assessing the long-term benefits of Sponge City
practices. This tool should incorporate to a Sponge City simulation model to account for any
spatial and temporal changes in the future that may affect the performance of Sponge City

infrastructure.

5.4.  Designing local guidelines and standards for Sponge City implementation

Every urban area has its own hydrology, climate, soil and urban planning policy
characteristics, and national laws or regulations may not necessarily be applicable to the local
context. Understanding local conditions is the key to success in implementing the Sponge
City concept. It is essential to develop localized regulations and standards based on
evaluating carefully specific issues and potentials in each region. Inappropriate guidance and
design from the central government to the provincial and local bureaucracies is causing
problems in planning, design, construction, operation and evaluation of Sponge City projects.
In addition, more engineering research into green infrastructure including bio-retention or
green roofs should be conducted locally so that their new technologies can generate optimal
benefits in flooding mitigation, pollution reduction, water absorption capacity and water

filtration capacity.
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5.5. Promoting Sponge City construction in watershed scales based on integrated data

development

In the long-term, a large-scale Sponge City should be built so that a range of urban water-
related problems are addressed and solved. It is important to create a sustainable urban
environment running parallel with more holistic social-economic development of urban areas.
Moreover, the macro implementation of the Sponge City program needs to consider an
integrated, watershed-scale approach and aim to connect the site, region and watershed
scales. A macro implementation can potentially avoid the segmentation and isolation of the
Sponge City system, maximize the benefits of ecosystem conservation, improve water
quality, reduce flooding and create a healthy environment for people and wildlife living in the

watershed.

6. Conclusions

The current urban water management framework needs to change in some countries like
China. Sponge City is now deemed an innovative and revolutionary approach for addressing
not only urban water problems but also enhancing ecological conditions and mitigating
climate risks. It is more advantageous than traditional approaches. Sponge City has been
found to be of great value for urban resilience. Despite its many benefits, the challenges for
Sponge City construction remain and China needs to learn from similar concepts and
developments in Western countries (e.g. BMPs, LID, SUDs and WSUD). More research is
required to build a comprehensive computerized model for Sponge City design, identify
appropriate technical measures including bio-detention systems, and green roofs. These are

possibilities that can be applied in each locality. It is also important to improve co-ordination
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across government bureaucracies through the establishment of a Sponge City database system

and experiences-sharing networks to deliver a successful, large-scale Sponge City model.

Finally, an economic valuation of Sponge City practices which highlights the whole life cycle
benefits and risk of failure should be conducted to enhance public-private knowledge and
perceptions. Doing so could enhance their willingness to support the implementation of the
Sponge City and its sustainability features. Urban strategies and policies focused on
promoting this concept play an important role in developing healthier, resilient and

sustainable cities in an era of climate change and massive urbanization.
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