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1. Introduction

With the frequent occurrence of extreme weather, various cities in China are facing
severe rainstorms and waterlogging threats, which bring strict tests to urban security.
According to the survey carried out by the ministry in 2010 about 351 cities’ urban
waterlogging situation in 32 provinces, there has been more than 60% of urban waterlogging
since 2008, and even the northern cities (such as Xi ‘an, Shenyang), where there is a lack of

rain, have a similar situation; the maximum time of water accumulation in 57 cities exceeded
12 hours!¥.The rainstorm water has had a significant impact on the operation of urban public
transportation, the safety of residents' travel and public health. Heavy rain in Shenzhen and
other cities has often paralyzed subway operations, hampering urban traffic. On July 21st,
2012, severe rainstorms in Beijing even killed 79 people and made a direct economic loss of
nearly 10 billion yuan . In the 21st century, Shanghai urban waterlogging occurs almost
once a year (even more than once in some years), and causes serious damage to urban
ecological system, having an adverse impact on urban operation and residents.

In this background, The Chinese government launched pilot projects of domestic sponge
city construction in 2015, aiming to comprehensively improve the resilience of cities in
dealing with rainstorms. Shanghai, as one of pilot cities in the second batch, has taken a
series of measures related to planning and construction, including the specialized planning at
the overall urban level, the compilation of technical guidance, the specialized planning of pilot
areas, and the project implementation of the sponge city concept and technology in specific
cities, etc. Taking Shanghai as an example, this paper systematically introduces the practice
and beneficial experience of Shanghai under the background of sponge city construction in
China.

2. Urban water environment and sponge city

Urban development and construction should be based on the natural logic of the water
cycle, from the macroscopic hydrology water area to the whole city system and to the
specific block, places, as well as the construction of water planning and design. This is the
core idea of sponge city construction, involving a series of concepts, working frameworks
and technical methods to improve the water system in sequential manners (fig.1).
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Figure 1: Multi-Scale Sponge City system
Source: Drawn by the author

2.1 Urban water environment system

The construction of urban water environment system needs to consider the
comprehensive influence of multiple scale and regional water elements.

At the macro level, we should consider the large rivers, wetlands, the reservoir areas
and ecological forests which have an influence on the urban hydrological environment,
including water supply, rain flood ecological control, flood control and storage, etc. The
construction of the good regional hydrological environment is an important basis for ensuring
urban water security.

For the whole city water environment, surface landscape elements, such as river
courses, lakes, wetlands, parks, and protective green land, along with the rain sewage
drainage pipe network system jointly promote urban development to become ecological
"sponge". Among them, the pattern and interrelation of surface landscape elements
constitute the water ecological foundation framework of urban "sponge body", which is the
infrastructure of ecological rain and flood management. As a traditional drainage engineering
facility, the rain sewage pipe network plays a positive and important role in ensuring the
sound operation of ecological water infrastructure(fig.2).
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Figure 2: Constituent Elements of Urban Sponges
Source: Drawn by the author

The inner-city blocks are just like the cells of the city's "sponge body", which holds the
key to the management of urban rain and flood. Urban green land places which are
represented by parks and wetlands have a significant influence on water storage and water
purification, while river channels mainly play the role of water catchment and drainage in the
construction of urban water environment. Urban construction land (such as land for
residential areas, education and industry) and streets have become the rainwater infiltration
with low levels of soil suction areas, due to the construction requirements and street activities
features; the water environment of these blocks needs to be refined and constructed,
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improving the capacity of these places’ rain-flood management by means of maximizing the
infiltration area and designing integrated rainwater collection and drainage facilities.

The collection and reuse of rainwater from roof and window eaves of urban buildings
can promote the drainage and storage of rainwater and effectively reduce the occurrence of
waterlogging in urban blocks. The construction of water environment at the micro level has a
fundamental and elastic influence on the construction of urban water environment system.

2.2 "Sponge city" concept and technology
2.2.1 Concept and connotation of "sponge city

“Sponge city” is to strengthen the construction of urban planning management, to make
the most use of ecological systems such as buildings, roads, green areas and water systems
in absorbing, storing and releasing rainwater, to effectively control the stormwater runoff, and
as far as possible to achieve natural accumulation, natural penetration and the natural
purification of sponge city Bl. On the other hand, it is also emphasized to strengthen the
capacity of rainwater removal during rainstorms by strengthening the construction of
traditional infrastructure drainage facilities. The safe management of urban rain and flood is
one of the important factors for comprehensive urban security.

The idea of "sponge city" is essentially similar to the idea of low-impact development
(LID) in the United States, Australia's water sensitive city, UK sustainable urban drainage
system and Germany's decentralized rainwater management system, which emphasize the
realization of "smart" management of rain and flood through comprehensive urban green
infrastructure construction and reduce the risk and harm time of urban waterlogging disaster.
Sponge cities should pay attention to not only the influence of macro water environment and
conform to nature, but also the construction of rainwater storage and drainage system and
ecological purification system at different spatial scales to achieve urban rainwater natural
accumulation, infiltration and purification.

2.2.2 Core technologies of “sponge city” construction

The core technologies of "sponge city" construction involve multiple spatial scales, such
as macroscopic hydrological region, overall city level, block level, and single building. Based
on the background and key points of multi-scale sponge city construction, the core
technologies adopted in practice are different!l,

1) Macroscopic hydrological level. Construction of "sponge city" requires detailed
water security pattern analysis and fragmentation degree of conserving forest land and
wetland analysis, which will lay the regional space foundation of the city "sponge body". The
main core technologies include water resources ecological plaque analysis, comprehensive
identification of water resources protected areas, space control based on ecological
elements, and water network system combing and hydrological water quality analysis.

2) The overall level of the city. Constructing city "sponge" needs to systematically plan
ecological landscape and promote traditional drainage infrastructure configuration on the
basis of the comprehensive analysis of precipitation, catchment, collection of water, water
storage, distribution or control, and comprehensively solves the problems in the urban rain
flood control. Its main technologies and analytical methods include the analysis of water
junction, water network system planning and analysis, green network system planning and
analysis, and overall control of ground hardiness rate.

3) The block level. The technology at this level is mainly achieved through the design of
water ecological infrastructure (including urban design and landscape design), including
interception of rain water, rainwater infiltration and rainwater storage. Rainwater interception
is mainly to reduce the rainwater runoff rate through the slope of the site and the use of
materials. Rainwater infiltration promotion technology mainly refers to the enhancement of
water infiltration capacity through the establishment of site infiltration facilities or the non-
hardened land area. Rainwater storage is mainly through some massive water bodies, in
cooperation with urban rainwater pipe network to control the use of rainwater during
rainstorms and drought.
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4) The architectural level. Rainwater control is primarily achieved by green roofs which
build sponge, including green vegetation, water purification and absorption, gentlely slope
roofs which can accelerate the rainwater collection, sewer and rainwater tank setting, and so
on.

3. Progressin China's pilot sponge cities
3.1 Background of pilot work

In recent years, as one of the important urban development policies, the construction of
sponge cities has been highly praised and emphasized by the state and local governments to
improve the urban water environment and to alleviate urban waterlogging. In 2013, the
central government clearly indicated the importance of building sponge cities. In 2014, the
state issued the technical guide for sponge city construction — the notice on the construction
(trial) of the low-impact development rainwater system, which further guided the sponge
construction in cities at all levels. In 2015, in order to assess the performance of sponge city
construction, the ministry of housing and construction issued the notice of sponge city
construction performance evaluation and assessment methods (trial), and in 2015 formally
started the construction of the pilot sponge cities. By the end of 2016, a total of 30 cities in
two rounds have become pilot cities for sponge city construction (the first batch of 16 cities
and the second batch of 14). At present, the third batch of sponge city declaration is under
way.

3.2 Pilot city distribution and project type and operation

At present, distribution of pilot sponge cities in China covers different regions of the
country, but it is mainly concentrated in the east, south, northwest and southwest of China
(fig. 3). Among them, there are 10 pilot cities in the east of China (Zhenjiang, Jiaxing,
Chizhou, Xiamen, Pingxiang, Jinan, Qingdao, Ningbo, Fuzhou and Shanghai); there are four
pilot cities in the south of China (Nanning, Shenzhen, Zhuhai and Sanya); there are four pilot
cities in the northwestern region (Xi’an new district, Qingyang, Xining and Guyuan); the
Southwestern area has Chongging, Suining, Guizhou guian new district and Yuxi four cities.
A wide range of sponge city pilot projects will be carried out in areas with different natural
conditions and rainfall conditions, and this will be conducive to the promotion of sponge city
planning and construction experience in the future.
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Figure 3: Location of Pilot Cities in China
Source: Drawn by the author

The project types of pilot cities not only involve the macro pattern of water ecological
levels and the micro sites and buildings, but also pay attention to the platform of sponge city
informatization construction. Different pilot cities choose important pilot projects according to
their own conditions. In summary, there are 9 major types and 20 specific types(tab.1).
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Tab.1 Pilot Project Category and Types

Water security and water ecology Lake and river water environment improvement projects

River ecological restoration project, wetland ecological protection project,

Water network . ; .
ecological corridor construction

Flood control facilities construction projects, mountain flood protection

Flood control engineering construction X
projects

Sewage network upgrading and renovation project, rain and sewage
Sewage network and facilities diversion project, sewage treatment and construction (reconstruction)
project

Sponge road design (including pipe network layout, water seepage and

Road design adapted to water drainage design)

Functional plot construction Sponge community, sponge park and greenbelt, sponge square, sponge
(transformation) school, sponge hospital, water culture tourism hydrophilic project
construction Roof greening works, rainwater collection and reuse work

New area complex — (sponge design with various elements)

- (mainly refer to construction supervision, rainstorm and flood control,
and coordination hetween departments)

Source : Pilot City Documents
From the point of project operation, the pilot project has both special funds from the
central finance or local government financial support, also have through the Public - Private
Partnership (PPP), Refactoring Operate Transfer (ROT), Build Operate Transfer (BOT)
model.

Control platform construction

3.3 Results of the promotion of pilot work

By making sponge city specialized planning, strengthening financial and policy support
and promoting the building of infrastructure sponge and the renovation of green infrastructure
in old cites, the promotion of the construction of pilot sponge cities has achieved remarkable
results in 2-3 years. Some cities did not experience urban waterlogging after a short period
(1-2 years) of sponge city construction. The China economic weekly pointed out that in the
summer of 2016, there were 10 sponge cities (Qianan, Xiamen, Hebi, Suining, Guian new
district, Xixian new district, Shanghai, Qingdao, Sanya, Guyuan) which did not suffer
waterlogging, accounting for one-third of the total pilot cities!®.

4. Shanghai sponge city planning and construction practice

Due to the unique situation of Shanghai city, it is faced with more complicated and
difficult rain-flood management conditions (fig.4 and fig.5). Firstly, Shanghai's geographical
location dictates that the city have to be subject to frequent typhoons, sudden extreme
rainstorms and the effect of tidal waves which pose a great challenge to the management of
waterlogging in cities!®l. In addition, Shanghai is characterized by the high groundwater level,
the high density of urban development, large impervious surface areas and low soil
permeability, which increase the difficulty of sponge city construction.
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Figure 4. Maximum instantaneous rainfall Figure 5: Green space types in Shanghai
intensity(mm/h) Source: “Technical guidelines for sponge city
Source: “Technical guidelines for sponge city construction”

construction”

Since 2016, Shanghai, as one of the important cities in pilot projects of the second batch,
has carried out a series of planning and practical work related to the construction of sponge
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cities, including the specialized planning at the overall level of cities, compilation of technical
guidelines, the specialized planning for urban pilot areas and implementation of sponge city
concept and technology in specific urban projects, which have played an important and
positive role in alleviating urban waterlogging problems and improving urban water
environment.

4.1 Sponge city specialized planning

The planning and construction of sponge city should not only consider the construction
of green infrastructure, but also strengthen the operational flexibility of traditional "grey”
infrastructure in the case of abrupt rainstorms. In recent years, the municipal land and
resources department in Shanghai has compiled the specialized planning related to sponge
city at the overall level of urban construction, guiding the city partition or sponge-block
specific planning and construction work. Relevant plans mainly include Shanghai sponge city
specialized planning (2016) and Shanghai urban rainwater drainage plan (2017-2030).

4.1.1 “Shanghai sponge city specialized planning “(2016)

The plan has clear overall goals and sub-goals, the reasonable control structure,
highlighted recent development and strong feasibility.

1) First of all, the plan clearly defines the specific goals of Shanghai's construction of
sponge city: in the long run (2040), it will build resilient cities that can adapt to the global
climate change trend and resist the rain and flood; it will buid a water harmony city where the
water environment is of good quality, water ecology and urban landscape coordination, and
the water landscape provides open space near water for the public; it will build a green and
livable eco-civilized city with sufficient peripheral ecological space and complete ecological
corridor in the main urban area and the new city; the main control targets are proposed for
the comprehensive ecological, water environment, water resources and water security.

Among them, the important target adopts the method of quantitative value control. (tab.2)
Tab.2 Sub-goals of Shanghai Sponge City Construction

Type First grade Second grade Target value
Centralized new area, the reconstruction area
Annual total runoff control rate —_
80%
Ecological shoreline restoration River arjd lake Watff‘r sys‘t(?m 80%
Integrated ecological protection ratio
ecology The proportion of green space in the
centralized community in the _ 215%
construction land
Rate of the river —_ =10.5%
Water quality standard rate of
Surface water environmental quality q v 100%
surface water
Water Water quality - No less than III standard, and better than
environment at groundwater monitoring point sponge city before construction
Urban non-point source pollution . The new area 80%, the reconstruction area
Annual runoff pollution control rate
control 80%
Water Rainwater utilization rate — =5%
resource Leakage control rate of pipe network —_ <10%
The main urban areas and new urban areas shall
. ‘ . not be less than once every 5 years, Other areas
Design recurrence period of rain
R are no less than once every three years; the
water pipe canal 5
! underground passages and the lower city
Prevention and control of urban
) ) squares are no less than every 30 years
rainstorms and waterlogging
disasters Regional warerlogglnlg design 20-year return period
Water safety recurrence period
Recurrence period of waterloggin
. P .gg g 100-year return period
prevention and control design
Flood control standard _ Meet planning requirements
The levee's standard rate _ 95%
Drainage rate _ 95%

Source - Pilot City Documents “Shanghai sponge city specialized planning “

2) Secondly, the spatial structure of Shanghai's urban sponge city is determined by the
planning; on this basis, the management and control zones of Shanghai's sponge city are
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defined, and mandatory control indicators of sponge construction are proposed for each
district. In the spatial structure of sponge city, ecological restoration area and low-impact
development area of ecological protection area have been delimited. (fig.6, fig.7 and tab.3)
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Source . Pilot City Documents “Shanghai

sponge city specialized planning “

Tab.3 Shanghai Sponge City Compulsory Index

Compulsory index projects for central area Index

Annual total runoff control rate (%) 70%

Water ecology
Ecological shoreline reconstruction rate(%) | 75%

Recurrence period of waterlogging

100- t iod
prevention and control design year return perio

Water safety Distribution network standard S-year return period
Flood control standard 100-year return period
N Target rate of key water
Water Water quality goal functional areas 100%
environment
Annual runoff pollution control rate (%) =70%
Water resource Rainwater utilization rate (%) 5%

Source : Pilot City Documents“Shanghai sponge city specialized planning

3) At the same time, the plan has also set the goal of building a sponge city of 200
square kilometers by 2020, and implemented the key sponge city construction area (project)
in space (fig. 8). Recent construction of key projects involves some important central city
parks, green space, protective space and waterfront space, including important new city
districts, industrial parks, ancient towns and villages.
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Figure 8: Shanghai Sponge City Recent Construction
Source : Pilot City Documents“Shanghai sponge city specialized planning

4.1.2 “Urban rainwater drainage plan of Shanghai (2017-2030)”

"Shanghai urban rainwater drainage plan (2017-2030)" was compiled and published by
Shanghai water authority in 2018. The plan realizes the construction of a complete urban
drainage system in Shanghai by means of “control of source runoff, combination of process
storage and drainage, coordination of the two networks at the end and scientific control of
risk”. (fig.9 and fig.10)

The plan puts forward: 1) the flood control standard of the main urban area and the new
city is not less than once every 5 years and the standard of once every 100 years for the
recurrence period of the design of waterlogging prevention; 2) the control rate of rainwater
runoff is greater than or equal to 75%, the control rate of rainwater runoff pollution is greater
than or equal to 55%, and the utilization rate of rainwater resources is greater than or equal
to 2%. The plan also emphasizes the combination of the construction of sponge city through
the comprehensive storage, infiltration, stagnation, purification, use and discharge to reduce
runoff pollution effectively.
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4.2 “Technical guidelines for sponge city construction”

National level promulgated the sponge city construction technology guide, the urban
waterlogging prevention and control technical specifications and the urban rainwater storage
engineering technical specification; Shanghai also compiled the sponge guidelines for the
urban construction technology as the guide the concrete practice of Shanghai guide file

This guide puts forward the key technologies and methods of sponge city construction of
five aspects of planning, the design, project construction, maintenance management and
implementation effective evaluation. The planning level includes three levels: general
planning, detailed planning and project implementation plan; the design level includes
building and community green roads and square water utilities and facilities scale; the
construction part of the project is to further refine the control details of rainwater on the basis
of design; the maintenance management section emphasizes the specific operation, control
and maintenance of different types of projects; implementation effect evaluation is a
comprehensive evaluation of the program implementation effect through several key
indicators (including annual total runoff control rate, annual runoff pollution control rate,
rainwater utilization rate).

This guide covers multiple planning and design levels, and provides detailed and
practical ideas and technical tools for Shanghai sponge city construction by integrating the
concept of sponge in macro planning, giving specific guidance to detailed design (fig.11),
controlling and evaluating quantitative indicators.
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Figure 11: Typical structure of vegetation buffer zone
Source: “Technical guidelines for sponge city construction”

4.3 The specialized planning of the pilot area and sponge technology application:
Lingang New District in Shanghai
4.3.1 Overview
Lingang New District is located in the coastal area in the southeast corner of
Shanghai(fig.12). It is the hinterland of Shanghai free trade zone. The new district is more
than 50km from the central city and about 20km from Pudong International Airport (fig.13).
The total area of Lingang New District is about 315 square kilometers, and the planning
includes the heavy equipment area, the logistics park, the main industrial area, the
comprehensive area, the Fengxian park, Nanhui new district and other functional.
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Figure 12: Location of Figure 13: Function Plan of Lingang New

Lingang New District Distric
Source: Drawed by author Source: Linggang New District Plan

In order to carry out the pilot project of Shanghai sponge city, Lingang New District, as
an important pilot area, formulated specialised planning of Shanghai sponge city in Lingang
pilot district and three-year implementation plan in 2016. The planning defines the specific
scope of sponge city planning and construction, the objective and concrete strategy of
sponge city construction, overall sponge city construction space structure and construction
division and 15 pilot projects from 2016 to 2018.

4.3.2 “Shanghai Lingang pilot district sponge city specialised planning” -8l

The planning puts forward that :1) the construction of sponge city is mainly achieved by
ecological conservation, ecological rehabilitation and low-impact development; 2) consider
the distribution of ecological resources, the ecological sensitivity of land use, the risk of
waterlogging and topographic elevation in the planning area, and form sponge city natural
ecological space pattern——"one core, two rings, six wedges and several areas" (fig. 14); 3)
according to the research and exploration of different construction needs and characteristics
of sponge cities, the plan delimited 7 different types of demonstration areas— the ecological
protection of the typical lake, business district sponge construction, rainwater storage and
purification in the ecological corridor, sponge reconstruction in the urban build-up area,
sponge construction in the new urban district, ecological protection and utilization in
reclamation area, reconstruction of water accumulation in old urban areas and
water comprehensive treatment, and it also puts forward clear requirements for the key
content and direction of sponge city construction in different areas, including the optimization
of ecological vegetation community on the lake, collection and discharge of rain water in
commercial areas, upgrade of rain and sewage pipe networks in old residential areas, soil
improvement and mobile forest construction.
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Figure 14: Overall Layout of the Pilot Area of Sponge City Construction
Source : Shanghai Lingang pilot district sponge city special plan
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4.3.3 Action plan for 2016-2018

From 2016 to 2018, pilot projects of sponge city construction in lingang includel5 project
packages, such as the lake water ecological protection and purification projects, main urban
river comprehensive improvement projects, old city sponge reconstruction projects, sponge
construction projects in the urban build-up area, the expansion projects of the Lingang
sewage treatment plant, regional capacity improvement projects, ecological protection,
rehabilitation and utilization project in reclamation areas, sponge city park projects in the
second ring zone, which can guarantee the attainment of planning objectives and targets
effectively.

4.3.4 Construction!®

a) the lake landscape around Dishui lake

Dishui lake landscape mainly adopts technologies such as permeable paving,
permeable blind pipe, ecological wetland and ecological revetment in order to meet the
sponge city requirements of local rainwater infiltration and absorption, effectively reduce
surface runoff and purify water during rainfall. The specific node spaces, such as squares,
footpaths, are laid exposed concrete, permeable asphalt paving, ecological ceramic
permeable brick paving and gravel paving, and sets up 150mm wide grass planting belt
separation every certain distance (6m), to promote facilitate rapid infiltration of rainwater (fig.
15 and fig.16).

% TS @mﬁ e Az - .
Figure 15 Water permeable green space design Figure 16: Water permeable pavement design
Source: Literature [9] Source: Literature [9]

b) Sponge renovation project in area F, Xinluyuan district, Chaogang community

The sponge reconstruction of Xinluyuan in Chaogang community mainly starts from the
perspective of public space and construction facilities, including three main ways: Mcarry out
water quality purification and reduction for initial rainfall; @ disconnect the building pipe in the
community, and let the rainwater enter the municipal rainwater drainage pipe after being
purified by grass planting ditch and other plant purification, and filtered through the soil media
such as pebbly slope protection ; @ help store some rainwater and reduce runoff by
reconstructing inferior fovea through landscape. (fig.17)
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Figure 17: Sponge Community Project
Source: Literature [9]

11 US‘ ISUCARP

Knowledge for Better Cities



Ye Dan, Yu Yidong, Jiang Xiji Sponge City: Shanghai Experience 54t ISOCARP Congress 2018

Through the planning and reconstruction, there is no obvious water accumulation in the
community activity square and parking lot (fig.18 and fig.19).

Figure 18: Comparison before and after Figure 19: Comparison before and after Parking
Square Transformation Transformation
Source: Literature [9] Source: Literature [9]

5. Experience and reference

The construction of sponge city requires comprehensive consideration of the ecological
sponge element system at different spatial scales. At the same time, it is necessary to
consider the characteristics of precipitation, confluence, water collection, drainage and
rainwater reuse and adopt different technical means to build green infrastructure. At present,
Shanghai has accumulated rich experience and achieved good results in the construction of
sponge city, mainly including macro-level planning guidance and detailed implementation
plan (specific project), sponge engineering technical support and indicator control and the
demonstration effect of specific pilot areas and projects. From the general specialised
planning to the pilot regional specialised planning, from zoning control to specific
implementation plans, from technical guides to demonstrations of technical applications,
Shanghai is moving towards the goal of "sponge Shanghai" through such a perfect planning
control and implementation.
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