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A B S T R A C T

Surface water flooding is currently viewed as the most serious water-related issue in many of the China’s large
cities due to rapid urbanization, land-use change and the process of rapid socio-economic development. In 2014,
the People’s Republic of China established the concept of the ‘Sponge City’, which will be used to tackle urban
surface-water flooding and related urban water management issues, such as purification of urban runoff, at-
tenuation of peak run-off and water conservation. The concept is being developed to make use of ‘blue’ and
‘green’ spaces in the urban environment for stormwater management and control. It is envisaged that related
practices will enhance natural ecosystems and provide more aesthetically pleasing space for the people that live
and work in urban environments, in addition enabling nature-based solutions to improve urban habitats for birds
and other organisms.

Until recently, grey infrastructure and hard engineering-based management approaches have been adopted in
the rapidly developing Chinese urban environment as urban flood and drainage issues are predominantly
managed by municipal water engineers. The Sponge City concept and related guidelines and practices will
provide multiple opportunities to integrate ideas from eco-hydrology, climate change impact assessment and
planning, and consideration of long-term social and environmental well-being, within the urban land-use
planning process.

This paper aims to explicate the Sponge city concept and its development, and consider the implications of the
transformation of urban land-use planning and urban-water management practice in China. To achieve the dual
goals of sustainable water-use and better flood control (as targeted by the Sponge City concept), more effective
development and implementation of land-use guidance and assessment tools (with explicit integration of urban
flood-risk assessment, land-drainage guidance, climate projection methods, and assessment of long-term sus-
tainability) are recommended.

1. Introduction

Urban flooding has become a major issue in China, but there is
uncertainty about how to implement the most recent guidance for
urban-drainage infrastructure to address the problem. The Chinese
National Government is promoting the “Sponge City” concept and is
funding the development of demonstration projects for concept in thirty
pilot cities across the country (including megacities of Beijing,

Shanghai, Tianjin, and Shenzhen).
The Sponge City concept is similar to the Low Impact Developments

(LID) approach in the United States (Pyke et al., 2011); Sustainable
Urban Drainage Systems (SuDs) (Griffiths, 2017; Mitchell, 2005) and
the Blue-Green Cities (BGCs) approach (Thorne et al., 2015) in the
United Kingdom; and Water Sensitive Urban Design (WSUD) in Aus-
tralia (Morison and Brown, 2011) or Low Impact Developments Urban
Design (LIDUD) in New Zealand which combines the approaches
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adopted in the United States and Australia (Voyde et al., 2010; Van
Roon, 2007). The Sponge City concept aims to (i) adopt and develop
LID concepts which improve effective control of urban peak runoff, and
to temporarily store, recycle and purify stormwater; (ii) to upgrade the
traditional drainage systems using more flood-resilient infrastructure
(e.g. construction of underground water-storage tanks and tunnels) and
to increase current drainage protection standards using LID systems to
offset peak discharges and reduce excess stormwater; and (iii) to in-
tegrate natural water-bodies (such as wetlands and lakes) and en-
courage multi-functional objectives within drainage design (such as
enhancing ecosystem services) whilst providing additional artificial
water bodies and green spaces to provide higher amenity value.

LID infrastructure such as bio-swales, rain gardens, pervious pave-
ments and green roofs are often designed to mimic natural hydrological
response (for example these measures are able to reduce the peak dis-
charges in urban runoff land drainage system) and to absorb urban
stormwater through soil infiltration, stormwater retention, storage,
purification, recharge groundwater and improving water quality of the
runoff (Everett et al., 2015; Qin et al., 2013). Such infrastructure
however, are able to deliver additional benefits. The installation of
swales and rain-gardens for example, can enhance urban greening and
increase the overall area of urban green space. This in-turn can improve
urban eco-system diversity by providing new habitats for a wider range
of organisms (e.g. birds, butterflies and dragonflies, etc.). Careful
planning of such infrastructure can also deliver multiple benefits to the
general public by creating greater recreational space (e.g. urban park-
lands) and improving the amenity value of a district or area (Wang
et al., 2017).

Indeed, Xia et al. (2017) describe the “Sponge City” concept as a
breakthrough for urban planning in China, as the concept and related
guidelines and policy have the potential to enhance the principle of
sustainability (by addressing ecological and socio-economic aspects),
and encourage urban water-resource management (and flood risk
management) to better integrate with the practice of urban planning
and design (Fig. 1).

The major question is whether earlier adoption of this concept
would have been capable of preventing the spate of severe urban sur-
face-water flooding that has recently occurred in Chinese cities? For
example, urban flooding in Beijing (in 2012) caused 79 deaths
(English.news.cn, 2012), whilst similar events occurred in Guangzhou
and Shenzhen in 2013 (Francesch-Huidobro et al., 2016). Interestingly,
the Central Government was quick to stress that the cause of these

floods was the extreme nature of the rainfall, rather than a lack of
drainage system maintenance. However, it was also concluded that
even modern urban drainage systems had not been designed to handle
increased runoff produced by the cumulative effect of reduced in-
filtration in the urban setting.

This is a key point. Surface-water flooding is not a new phenomenon
in China’s urbanised and populated megacities, particularly during the
annual monsoon season (Chan et al., 2014; Fuchs et al., 2011). Whilst,
government-led urbanization and associated land-use change however,
failed to consider the cumulative and integrated impact of reduced
water infiltration (caused by increasingly concrete landscapes) on
urban water management.

In response to flood-risk, hard-engineering control measures, such
as construction of flood-water impoundments have been favoured in
China for many years. For example, more than 97,000 dams have been
built since 1950, most of the dams were built for providing water
supply and irrigation before 1978, albeit partly due to an industrial
drive for increasing hydro-power production. The major measures used
in controlling fluvial/riverine floods has historically been to build dykes
and enhanced flood diversions in China. Such impoundments are ef-
fective in controlling fluvial or riverine floods from upstream catchment
areas, but it is becoming increasingly difficult to ensure protection of
downstream areas due to rapid urbanization in China. Urban floodplain
developments often need additional pluvial flood protection measures
that promote infiltration and storage of stormwater during intense
rainfall to prevent exceedance of the drainage system storage capacity
to tackle pluvial or urban surface water floods (or waterlogging).
Traditionally these have taken take the form of detention basins or
retention ponds but are increasingly being supported by wetlands,
overspill areas and sub-surface storage.

This viewpoint article then, aims to provide a better understanding
of the “Sponge City” concept in China by following two specific ob-
jectives. Firstly, it will investigate the background of the Sponge City
concept to assess how it can be most effectively implemented. Secondly,
it considers how Sponge City practice may influence existing urban
water/flood risk management and urban land-use planning policies.

2. The sponge city concept: background and commonality with
other similar practices

Since the “Open Door Policy” was promoted in the late 1970s in the
People’s Republic of China (PRC), the country has experienced

Fig. 1. Schematic diagram of the Sponge city concept.
Source: Shuyang Xu.
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