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Summary

China’s Sponge City Construction (SCC) initia-
ted by the central government, represents an
enormous efforts and unprecedented under-
taking by the government for achieving urban
sustainability, which presents also a global chal-
lenge and demand for urban planners united
with implementation of natural based solutions
to reduce urban flooding, water shortage and
serious pollution of water courses and water
bodies during urbanization and climate change.
Sponge city construction aims to achieve an
integrated and sustainable management of urban
stormwater through its 6-step approaches, i.e.
Infiltration, Detention, Storage, Cleaning, Reuse
and Discharge. 30 Chinese cities were selected
as pilot cities, received financial support from
the central government to implement of diffe-
rent LID solutions. This paper introduced the
SCC concept, bringing together the political
objectives, technical approach, guidelines, finan-
cial scheme, pilot projects, successful expereince,
and challenges during the China’s SCC. It high-
lighted the added value and demand for inter-
national collaboration during the ambitious
evolution.

Sammendrag

Kinas «bla-grenne» byutvikling: Ambisjoner
og utfordringer Kinas «Bla-grenne» byutvik-
ling ble initiert av den nasjonale sentralregerin-
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gen. Det representerer en betydelige innsats og
enestdende satsing fra regjeringen for & oppna
mélet av beerekraftig utvikling i byer. Det som
henvender seg til en verdens utfordring og etter-
sporsel om innvirkning av lokal overvanns-
héndtering som LOD-lgsninger for a4 hand-
tering overvanns utfordringer, for eksempel
flom i byer, vannmangel og alvorlig forurens-
ning av vannkilder, elver og resipienter. Malet av
«bld-grenne byutvikling er & gjennomfere en
6-fase tiltak som infiltrasjon, forsinkelse og for-
dreyning, rensning, samtidig & oker muligheten
for gjenbruk av overvannressuser og forbedring
av bymiljo og urbanegkosystemtjenester. 30
kinesiske byer har blitt utvalgt som pilotbyer
med finansiering stotte fra staten for & teste og
gjennomfore de ulike LOD-lgsninger. Denne
artikkelen samler de politiske maélet, tekniske
metoder og veiledning, finansiel midler, pilot-
prosjekter og utfordringer naverende og i fram-
tiden, samt behov for internasjonale samarbeid.

Background and challenges

Rapid urbanisation and climate change have
caused significant water related consequences
and challenges in cities all over the world. Since
1970es, the development of low impact develop-
ment measures (LIDs), sustainable urban drai-
nage systems (SUDS), best management
practices (BPMs), green infrastructure (GI),
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water sensitive urban design (WSUD) etc have
been implemented in different countries (Flet-
cher et al.,, 2014; Nie et al., 2015). The past 50
years brought about a remarkable progress in
the development of management of urban
stormwater (Marsalek, 2013).

For the past 40 years, rapid economic deve-
lopment and population migration to Chinese
cities have intensified urbanization, and exacer-
bated the stress of water resource in cities, resul-
ting in ubiquitous urban water crises (Cheng
and Hu et al,, 2011; CPC, 2014). During 1978 to
2014, urbanization expanding from 18% to 55%
and socio-economic development represented
by GDP increasing 174 times, which have put
significant pressure on the traditional urban wa-
ter system in most of Chinese cities. During this
progress, urban domestic water consumption
has increased several times, while the continuo-
usly growing demand and limited availability of
freshwater resources is getting seriously unba-
lanced, and becomes one of the bottlenecks that
restricts the development in cities (Cheng and
Zhao, 2009). Moreover, during the rapid urban
development, so much porous living landscape
was changed to impervious surface. Yet, as
urban surfaces calcified into a waterproof shell,
other problems appeared worse. The existing
urban drainage systems were designed accor-
ding to static assumption, based on past avera-
ges of hydrological records; planners did not
anticipate or cope with the high-density extre-
me storm events. Consequently, rapid urbani-
sation and climate change have resulted in
significant impacts on the urban environment
and brought about significant challenges on ur-
ban stormwater management, such as waterlog-
ging and urban flooding caused by extreme
events and limited capacity of surface absorp-
tion, detention and existing drainage systems.
During 2008-2010, 237 of 351 investigated cities
experienced flooding, and 137 citied encounte-
red 3 flood disasters, according to a survey made
by the Ministry of Housing and Urban-Rural
Development in 2010 (Jia et al, 2013). Accor-
ding to another survey of flood disasters, 641
cities in China experienced floods during 2000-
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2014, resulted in economic damage about RMB
2 Trillian (equivalent about NOK 2.5 Trillion)
(Xu, 2016).

Moreover, according to a survey of the ecolo-
gical status of the natural lakes in China, 75% of
the lakes are eutrophic (Wu, 2017). The big La-
kes such as Tai-, Chao- and Dian Lake suffering
from algae blooms. The number of polluted
lakes has increased from 135 small urban lakes
to 5000 in 2000, including large and medium
lakes. And this number has increased to 8700 in
2007. Further, over 90% domestic urban rivers
being polluted in different extents and more
than half of urban rivers were heavily polluted.
A recent investigation showed that as much as
3/4 of the lakes in China are classified as eutro-
phic, according to Wu (2017). These issues im-
pose heavier pressures on the existing urban
water and ecosystems, and the situation conti-
nues to deteriorate without taking effective mi-
tigation measures.

The observed challenges have enforced deci-
sion makers, urban planners, engineers, ecolo-
gists, hydrologists, as well as economists and
sociologists to re-think current practices in ma-
naging urban water resources, exploring holistic
and sustainable management approach.

About the Sponge City

Policy initiatives

In the recent decades, China has carried out nu-
merous engineering measures, such as imple-
mentation of the South- to-North long-distance
water transportation projects, construct new
and enlarge the capacity of the wastewater treat-
ment plants to cope with the serious urban
water shortage crisis and reduce pollution of
rivers and various water bodies. However, these
actions would not sufficiently alleviate much of
the consequences in regard to drinking water
safety, pollution of water bodies and subsequent
pollution in air, soil and impacts on food safety,
as well as degradation of urban ecosystem ser-
vices and biodiversity. Because of the existing
problem and foresee challenges in the future,
China’s President Xi Jinping indorsed the con-
cept of Sponge City and launched Sponge City
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Figure 1. Illustration of the Sponge city concept (updated from Chinese version by authors)

Construction (Figure 1) at the end of 2014 all
over China.

What is Sponge City?

A sponge city refers to a city where its surface
and underground systems act like a sponge to
absorb, infiltrate, store, and purify the rainwater
for different types of reuse, before it is dischar-
ged (Figure 1).

It is a concept similar as SUDS, LID, BG solu-
tion, BMP, WSUD in many other countries in
the world (Marsalek, 2013; Fletcher 2014; Nie et
al., 2015), while it was initiated in a new way tar-
geting to solve or mitigate the severe problems
of urban flooding, water shortage and pollution
of urban rivers and other water bodies in China.
Because of the diversity of practices, initiation
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in implementation of the SUDS and adoration
of the terminology in different regions and
countries, the abbreviation of SCC and LIDs are
applied in the following sections in regard to the
expereince in China.

Changes of the concept for sustainable
urban development and stormwater
management

In order to achieve the goals of the SCC, it is
essential to change our thinking from the con-
ventional-oriented concept and approach to a
sustainable concept and approach by introdu-
cing and implementation of LIDs during urban
planning, rehabilitation or reconstruction pha-
ses. The transition of concept and approach
includes the following main points:
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1). Change from demanding-oriented approach
to resources-oriented approach, i.e. accor-
ding to the available resources to decide the
scale and dimension of cities, in terms of
total population, types of land use, city and
economic development model.

2). Change from development dominated
approach to take into account the impact to
the environment and sustainability, and
balancing impacts of the environment and
development.

3). Change from downstream remediation to a
systematic and comprehensive approach of
sources control, pollution control in
upstream, process control, downstream
reduction and remediation.

4). Change from drainage-driven approach to a
holistic approach, including infiltration,
detention, storage, purification, reuse and
finally discharge.

Objectives
Main objective of the sponge city is to achieve an
overall planning goal of control the total volume
of annual runoff, the peak value of runoff, pol-
lution control and reuse of stormwater resources.
The goal will be achieved through implementa-
tion of various LID solutions (Figure 2).

The Sponge City Construction (SCC) announ-
ced a new paradigm that calls for the use of
natural systems, such as soil and vegetation will

Total
runoff

Pollution
control

Figure 2. Goals of Sponge city construction plan
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be applied as part of the urban runoff control
strategy, which represents an enormous and un-
precedented effort by any government in the
world for achieving urban sustainability and
minimizing the adverse impacts of urbanization
and adaptation to climate change.

Technical guideline

In order to guide the implementation of Sponge
city construction, the Ministry of Housing and
Urban-Rural Construction (MHURC) manda-
ted a trial version of the Technical Guideline for
Sponge City Construction (SCC) - Development
of LID stormwater systems in October 2014
(MHURC, 2014). The guideline covers issues of
general principle, definition of the Sponge city
construction, development of sustainable urban
drainage systems/LIDs, and guides for plan-
ning, design, construction and maintenance of
different solutions. The guideline provides also
specifications and information of the precipita-
tion and runoft relationship, cost estimation of
some of the LID measures in Beijing region,
examples of demonstration projects and other
supplementary materials.

Recognizing the limitation of Low Impact
Development (LID) in coping with large and
less frequent storm events, the General Office of
the State Council of China mandates guiding
opinions to the integration of Green and Grey
Infrastructure (GGI) (GOSCC, 2015). Green in-
frastructure (GI) is the “strategic use of networks
of natural lands, working landscapes, and other
open spaces to conserve ecosystem values and
functions and provide associated benefits to hu-
man populations”. Grey infrastructure refers to
the human-engineered infrastructure for water
resources such as water and wastewater treat-
ment plants, pipelines, and reservoirs. Grey in-
frastructure typically refers to components of a
centralized approach to water management
(Gartner et al., 2013). Green infrastructure is
not a replacement for grey infrastructure and
vice versa.

The expanded SCC Plan aims to achieve
multiple benefits of urban flood control, rain-
water harvesting, water quality improvement
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and rehabilitation of urban ecosystems. The use ~ Implementation plan and pilot cities
of LID and GGI measures are required for all ~ As shown in Figure 4, 16 cities were selected
new development and retrofit sites, including  pilot cities in 2015. The State Council of China

science and commercial parks, building roofs, = announced a major expansion of the SCC in
open spaces, non-mechanical vehicle roads, pe-  October 2015, which means the SCC is being
destrian walkways, etc. implemented nationwide. Another 14 cities were

selected the pilot cities for the second batch in
Management approach 2016. In total, 30 cities in China have been sele-

Since the successful implementation of the SCC  cted pilot cities for the implementation of the
will require a combined and coordinated efforts ~ SCC pan (Figure 4).

by many government agencies at different levels, Of the pilot cities, Baicheng, allocated in the
public and private sectors, such as landscape, = most northeast, has the cold continental clima-
architecture, urban planning, urban drainage, te, long winter covered by snow, with similar

road, transportation, project owners and other  climate as Norway.
parties and stakeholders. The SCC guideline
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mandates a Top-Down management fra- Financial support for Implementation of
mework, assigning the city Mayor or municipal ~ the SCC
governor as the main responsibility body to en-  Sponge City construction is a public endeavour,
sure good collaboration and successful imple-  therefore would require public financing.
mentation of SCC (Figure 3). During 2015 and 2016, Chinese government
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Figure 3. A collaborative SCC Management Framework (*Original Chinese version of the MF in (MHURC,
2014), translated into English by the authors).
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Figure 4. Map of location of the pilot cities of the SCC in China

selected 30 cities as pilot cities (Figure 4). Each
city is to receive 400 to 600 million RMB (500 -
750 million Norwegian Krone) annually for the
three years, with the total investment estimated
to be about 42.3 billion RMB, or 53 billion NOK
(1 RMB ~ 1.25 NOK).

To finance the overall implementation of all
the sponge city projects is a real challenge. In
addition to the financial support from central
government to the pilot cities, the government
has also proposed other strategic options for rai-
sing co-fund, which includes, e.g. a financial
scheme of the Public-Private Partnerships (PPP)
is introduced to financing the implementation
of Sponge city construction in other cities. Local
matching is required and public-private part-
nerships (PPP) are encouraged. Cities will re-
ceive a 10% bonus from the central government
if the PPP contribution exceeds a certain per-
centage of the overall budget. Moreover, the go-
vernment also encourages participation of
financial agencies, and will allow qualified enti-
ties to issue construction bonds to finance the
SCC projects.
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However, there are several factors which in-
fluence the invest interest of social capitals, such
as the perceived high costs of design, constru-
ction and maintenance; inadequate public
investment and return estimates; no clear eco-
nomic incentive for using LID, although other
social and environmental benefits are obvious.

Challenges and barriers

It has been three years since the SCC was
launched at the end of 2014. The following chal-
lenges and barriers have been observed during
the process (Jia et al, 2016; Jia et al, 2017; Hou et
al, 2017; Li et al., 2017).

Inertia of traditional approaches versus the
concept of the sponge city

First, in contrast to the traditional urban con-
struction philosophy in China, e.g. following
Chairman Maos belief that man can conquer
nature, the basic concept of the SC approach is
living with nature, preservation, rehabilitation
and making use of nature’s properties in most
sustainable ways. Although the Central Govern-
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ment has mandated the SCC, issued technical
guidelines, some provincial and local govern-
ment officials are slow to take action due to iner-
tia of traditions, and insufficient guide for urban
planning, in particular short-term action versus
long term planning, new development or reha-
bilitation of the existing ones. So far, the finan-
cial assistance from central government does
provide incentives for cities and different parties
to take into quick action into the SCC.

Lack of assessment criteria for measuring success
in implementation of the SCC for local officials
The current criteria for the evaluation of the local
administrators’ performance does not include
SC implementation. If the promotional evalua-
tion process could be modified to include im-
plementation results of SCC, local officials would
be much more committed to success.

Lack of site-specific technical guidance and
certification of products

Stormwater management by nature is highly
site-specific due to spatial rainfall variability,
land use and other pertinent local environmental,
social economy and other factors. For example,
the Guiding Opinions on Advancing the Con-
struction of Sponge Cities issued by the China
State Council sets a goal of total runoff volume
control from 20% of the built-up areas in 2015
to 70% by 2020 (GOSCC, 2015). In order to
achieve this goal, cities in different climate re-
gions will need different hydrological design
parameter for the design of their control
practices. Also, the quality and effectiveness of
some of the control measures, in particular the
underground stormwater treatment systems.
An evaluation certification and validation of
different technologies, materials and products
would be highly desirable before such products
are used for public projects. Furthermore, the
design, construction and maintenance of LID/
GI systems require professionals with appro-
priate background and training. Therefore, con-
tinuing efforts of Research and Development in
SC technology and training are essential in
order to achieve successes for the SCC in China.
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Lack of long term urban planning and effecti-
veness of individual and combined measures
Before the design and construction started, a
consolidated long term urban planning should
be well-prepared in place. However, this is not
true in many of the Chinese cities. Urban plan-
ning is a fundamental process for implementati-
on of the SCC in regard to rehabilitation of the
existing urban infrastructure and planning for
the new development areas. Therefore, the
assessment of the effectiveness of individual and
combined LID measures is indispensable inputs
for urban planning and budget allocation for
design and construction of the different mea-
sures.

Summary and Outlook

Sponge city construction is the national initia-
tive and strategic action in China. However, it
represents a universal challenges of sustainable
management of urban water systems during ur-
banization and in changing climate in most of
the cities in the world. To tackle these challen-
ges, it is essential to develop a holistic approach
and make efforts on establishing integrated
actions of multi-functional and best-practice
approaches. Learning experience from Europe,
North America, Australia and other countries
are essential to achieve the goals of the Sponge
City Construction Plan.

Can China’s model go global? Workman
(2017) highlighted in his paper that the Chinese
Sponge city construction addressed and exempli-
fied a universal struggle of urban planners uni-
ted with water professionals against a volatile
climate. Sponge city construction, similar mea-
sures as WSUD, LID or SUDS and BMPs in
many other countries and regions in the world,
aims to achieve an integrated and sustainable
management of urban stormwater through its
6-step approaches, i.e. Infiltration, Detention,
Storage, Cleaning, Reuse and Discharge. China
had higher ambitions and took sustainable mea-
sures that would transform its metropolitan
areas into the proclaimed as ‘sponge cities’

It is a universal challenge to enhance eco-
system resilience and adaptive capacity to cope
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with the changes in climate and society, and
enable ecosystems to deliver their services for
more liveable, healthier and resilient cities. Fol-
lowing the EU-China Sustainable Urbanization
Flagship Initiative 2016-2017, H2020 work pro-
gramme 2018-2020 on Climate change, Environ-
ment, Resource efficiency and Raw Materials
issued one topic for International collaboration
on sustainable urbanization through implemen-
tation of natural based solutions for restoration
and rehabilitation of urban systems, tackling
the universal challenges of unsustainable,
non-resilient urbanisation patterns (EC, 2017).
It is expected that international collaboration on
natural based solution with Chinese SCC could
bring synergy and mutual benefits for Europe
and China, and other countries in the world
(e.g. Knollmann and Peng, 2018; EU-China
Sustainable Urbanization Flagship Initiative
2016-2017).
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