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Facing series water resource, water environment, water ecology and water 

safety in China

Sustained & rapid 
economic growth

Accelerated 
progress of 
urbanization

High population 

density

Industrial 

concentration

Why Sponge City
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Serious 

urban 

disease

Water shortage

(1/13 severe countries )

Unqualified tap water

(360 million people)

Carrying capacity limited

(exceeding the limit 82%)

Eco-deterioration 

(serious pollution of watershed)

Urban flood

(˃ 60% cities)

Urban black-odor water body

(˃ 60% cities)



Why Sponge City

It is required to consider the influences on nature in every detail 

of urban planning and construction, and not to break the natural 

system. … For example, when promoting urban drainage system, 

it is needed to give priority to reserve the limited stormwater, and 

rely more on the natural power for water drainage, as well as 

construct “spongy city” with the connotations of natural 

storage, natural infiltration and natural purification.

—Speech by Xi Jin-Ping on The Central Work Conference on Urbanization on 

Dec. 12, 2013
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The first pilot-scale (>15 km2) demonstration cities of 16 in 2015, the 

second of 14 in 2016. Meanwhile, more than 100 cities will do it

Pilot-scale demonstration cities can get >170 millions USD from the central 

government For a city, at least 10 or 100 billions USD



Organization & Implement for SCC

Design Construction Operating
PPP (Public-Private-Partnership)

EPC (Eng. Procure. Constru.) + O

The main 

responsibility

City Government

Landscaping RoadUrban constructionEnvironm. Protection Planning Water Resources

Water System joint committee

Government-led

Space layout

Water

Green space

Road

et al

Overall 
planning
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Special 

planningTechnological 

Planning

Technology-led

Lead by

Mayor
(system 

advantage)

Advanced 

planning 

concept

Clear 

body of 

Liability



How Sponge City

Urban Water Resource & Environment

City
“拍脑瓜”决策

“科学分析”决策

How
Construction goal

What
Construction concept
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关于推进海绵城市建设的指导意见（国办发〔2015〕75号）



Content

Construction concept 1

Construction goal 2
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Successful Experience or Concept in the world

Low-Impact Development (LID, in USA)
to describe a land planning and engineering design approach to manage stormwater
runoff. LID emphasizes conservation and use of on-site natural features to protect water 
quality. —From Wikipedia

Sustainable Urban Drainage System，SUDS
is designed to reduce the potential impact of new and existing developments with respect 
to surface water drainage discharges. —From Wikipedia

Active, Beautiful, Clean Water programme (ABC, Singapore)
The ABC programme is a long term initiative started in 2006, targeted at transforming Singapore’s 

water bodies into beautiful and iconic symbols of Singapore’s water landscapes. It strives to 

beautify and bring Singaporeans in closer proximity to water such that they will better appreciate 

and cherish water as a scarce resource. —From Wikipedia (Public Utilities Board)

Water Sensitive Urban (WSU, Australia)
is a land planning and engineering design approach which integrates the urban water cycle, 

including stormwater, groundwater and wastewater management and water supply, into urban 

design to minimise environmental degradation and improve aesthetic and recreational appeal. 

WSUD is similar to LID. —From Wikipedia
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Key Issues and Bottleneck

From the above, the most of the other concept mainly focus on urban 

stormwater and flood, rain water collection or landscaping
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※

※

※

※

※Spongy City Construction (SCC)

=？
Other Concept in the World

 Waterlogging control of urban 

stormwater

 Improvement of urban water 

resources & environment

Natural Cycling & 

Social Cycling       

of Urban Water 

System

Key 

Problems 

in China

Chinese 

Characteristics



Concept of “Spongy City” in China

Sponge city construction should solve the current China's specific issues
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My understanding on the “sponge city”

 Possessing a good “elasticity and resilience” on response to 
environmental change and natural disasters, etc. 

 Solving the problems of urban waterlog and environment deterioration

 Managing, protecting and utilizing drinking water source, wastewater, 
ecological water, rainwater and underground water, etc.

 Taking fully consideration of water resources, water environment, water 

safety, water ecology and water culture

 Mitigating the heat island effect

The essence of  Sponge City belongs to the integrated solutions of 

urban water resources and environment



Water Resources

 Replenishment for underground &
ecological use, etc

 Utilization of untraditional water of 
rainwater & wastewater, etc

Water Environment

 Elimination of the black-smelly 
water body

 Point & surface polluted source 
reduction, process control

Water Ecology

 Improvement of the biological diversity

 More urban greenbelt area per capita 
and Less heat island effect

Water Safety

 Alleviate waterlog stress, enhance 
disaster prevention and mitigation

 Quality safety of tap water & 
alternative water

Water 
Culture

Livable city

Key Problems & Goals in China
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Urban Water-Cycling System
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Drinking water 
source

Ditch

System 1.0

City

Green: totally natural functions, natural purification



Sewerage

Water intake 
network

Drinking 
water source

Drainage

Water supply 

networkDWTP

WWTP

Urban Water-Cycling System
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Wastewater Urban water
bodies

System 2.0

Grey: mainly artificially process 

functions, with large resources and 

energy consumption

City



Urban water 
body & wetland

Recovery of 
resources & 

energyPollutants

Water 

intake 

network

Drinking water 
source

Ecological 
water

Sponge City——Urban Water Cycling 3.0

Drainage

Water 

supply 

network

Drainage

DWTP

Reused 
water

WWTP

Farmland & 
woodland
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Green+Grey: both functions of natural (LID) and artificial process, achieve the reclamation of 

resources and energy from wastewater

City

minor 
drainage

Rainfall

LID & 
groundwater 

 Natural purification & enhanced functionality
 Effective utilization of wastewater resources
 Infiltration, retention, storage, purification



Urban water 
body & wetland

Recovery of 
resources & 

energyPollutants

Water 

intake 

network

Drinking water 
source

Ecological 
water

Sponge City——Urban Water Cycling 4.0
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Drainage

Water 

supply 

network

Drainage

DWTP

Reused 
water

WWTP

Farmland & 
woodland

City

Minor 
drainage

Rainfall

LID & 
groundwater 

Green+Grey: both functions of natural (LID) and artificial process, achieve the goal of urban 

waterlog drainage and livable environment

Major 
drainage



 Spongy City Construction (SCC, 2015)

 Green Infrastructure (GI, 1995)

Drawn from Tim D. Fletcher, et. al, 

Urban Water Journal, 2014, 12(7)

Relationship among Concepts

Based on the complex 

demand of urban water 

resources, environment, 

safety and ecology in China, 

sponge city construction 

must meet the livable city 

construction, can't simply 

copy

P
ri

m
a
ry

 F
o

c
u

s
W

h
o
le

 o
f 

u
rb

a
n
 

w
a
te

r 
c
y
c
le

 
m

a
n

a
g

e
m

e
n

t

U
rb

a
n
 s

to
rm

 
w

a
te

r 
m

a
n
a
g

e
m

e
n
t

Specific techs (structural 
or non-structural)

Specificity

Broad 
principles

 Water Sensitive Urban (WSU, 1995)

 Low-Impact Development (LID, 1995)

 Sustainable Urban Drainage System 

(SUDS, 1995)

 Best management practices 

(BMPs, 1985)

 Stormwater control measures

(SCMs, 2000)

Concepts

Correlation Concept and Attention Years 15



Content

Construction concept 1

Construction goal 2
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Key Units of Three
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Storm runoff management

WWTP management

Black-smelly river remediation

The key to the sponge city 

construction is to establish the 

system engineering concept



Reducing surface 

pollution, improving 

eco-environment

Sufficiently utilizing 

rainwater 

resources

Safely discharging 

into the water 

bodies

Storm Runoff Management― LID Principle
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Function of 

resources 

utilization

Purification

Utilization

Drainage

Necessary to make overall plans for urban 

water recycling and utilization

Infiltration

Retention

Storage

Natural infiltration 

for groundwater 

conservation

Delaying stormwater

peak, reducing peak 

flux

Creating favorable 

conditions for 

stormwater recycling

Absorbing 

function 

of sponge



Low elevation greenbelt – detention ponds

Storm Runoff Management― LID Principle

“Quantity” control (infiltration, retention, storage)
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Rain garden

Combination between 
water landscape and 
rainwater storage

Water resources 

deficient areas –

underground 

rainwater 

storage and 

utilizationFunctions: 

drainage, 

storage & 

utilization

Storm runoff management: reduce runoff volume & 

delay peak time

Improve urban ecological coverage and rain storage 

capacity so as to reduce the rainfall volume in the 

source



Storm Runoff Management― LID Principle

“Quality” control (purification)

Pollution Control of early rain: most of cities need to 

consider the influence of black-odor water body caused by 

first rain pollution. We need to reduce organic and inorganic 

pollution through first rain storage, filtration and purification

Solving the first rain pollution in the source through 

purification and enhancing the water quality
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COD & SS concentration of initial 

rain is higher than sanitary sewagePermeable pavement and 

grassed swales 

Retention、
Purification

Constructed wetland (Self-
purification)

Infiltration



Black-odor Water Body Remediation

There are many black-odor rivers in some cities
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Without control of point source, Urban 

Black-odor water control equals zero!

Black-odor in water; source on bank; core is drainage



Black-odor Water Body Remediation

Systematic Control Principles
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Measures 

& 

Targets

Strictly control source 

of point and non-point 

pollution

Early stage 

repairing 

techniques

Persistent bio-

purification system 

and measures

Sufficient 

hydrodynamic force 

and flood carrying 

capacity

 Closure all sewage until reach 

emission standards

 Non-point source pollution control 

measures， such as initial rain

 Bottom mud elimination and 

repair

 Rapid processing of organic 

and inorganic pollutants

 Establishing artificial advanced 

natural disposal system

 Formulating natural ecological 

purification function and landscape

 Adequate water supply and 

good liquidity

 Strong natural or artificial  

capacity to intensify 

reoxygenation

Bio-purification; Eco-landscape; Flood and Waterlogging Control



Black-odor Water Body Remediation

Building an ecosystem

Natural, ecological 

and livable river

Artificial landscape lacking 

eco-purification

Natural purification
(COD degradation, N & P utilization, 

heavy metal absorption)

Eco-Revetment + emergent Plant + Submerged Plant



Building an ecosystem
Utilizing advantage technology of constructed wetlands and eco-ponds (oxidation 

ponds) to enhance the natural purification for point source and non-point source 

pollution

Making good use of original ecosystem, establishing the functional systems of 

purification and livable landscape
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Surface flow constructed wetlands

Subsurface flow constructed wetlands

lake in a city of 

Hangzhou

Black-odor Water Body Remediation



WWTP management
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Dischange Standard in the other country

COD

BOD

Total N

NH4-N

Total P
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Note: (1) Sweden use BOD7; (2) The most strict standards in different countries.

China IA   China IB   China II       EU           USA     Sweden   Denmark  Germany



WWTP management
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• Less  
contribution

• Heavy cost

Over-

treatment

• Energy

• Resources

• Money

Resources 

Consumption

Greenhouse 
gas from life 
cycle 

Air

Pollution

A point in China: higher standard, higher eco-environment quality



WWTP management

Discharge Standard of WWTP should adapt to Used-water Fit for 

Purpose

Direct discharge: water into the pollution control section of waterbody, satisfies 

the requirement of basin surface water standard

Eco-water: water into the water body and wetland ecological system
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Urban Water Management: 

integrated system among plants, 

drainage, and lakes

Way in China

Reused water: meet user requirements for 

water quality standards

Nutrients returning water: meet the demand of 

farmland irrigation, spraying green space, etc



Smart Urban Water System

Urgently developing numerical modeling and simulation based on bigdata

for urban water system

Based on water resources and security, water quantity, for drinking water 

source, DWTP, WWTP, the river section, wetland, groundwater and initial rain

Based on the water environment and ecology, water quality, research the rule 

of energy flow and material flow, and the system simulation and optimization of 

pollutant migration

High-speed and high-reliable 

communication networking platform

Based on Internet + Urban Water, 

guidance system operation 

control, fault diagnosis, 

emergency decision-making, et 

al., and take play to the role of 

the Internet of things to improve 

the public's attention



Highest Target

Digitalized and engineering planning, smart management
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水文/水力及水质模型与仿真软件
美国EPA SWMM，荷兰的Delft 3D等

环境多介质逸度模型

通信链路及设备

信息安全保障设备

模拟服务器机群
GIS服务器

数据库存储盘阵

数据采集平台
GIS平台

数据挖掘平台

支
撑
层

应
用
层

蓝绿空间格局 地表径流模拟 绿灰基础设施水体生态、环境

海绵城市数字规划设计系统

数
据
层

基础设施信息库地理、气象信息库 污染源信息库水文地质信息库

数据采集和交换城市水资源与水环境综合整治理念与目标

Visualization Support Management System for urban water emergency decision

安全评价

仿真分析预测

环境监测水文监测

影响评估经济损益
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