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We are truly global. From some 90 offices worldwide 

more than 15,000 planners, designers, engineers and 

consultants deliver innovative projects around the globe.  
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What is Design with Water? 

 
• Innovative Framework across the water cycle that can be applied 

to masterplanning and design of cities, neighborhoods and 

buildings 

• Placing water at the center of the urban design process 

• Concept for water resilience using green and blue thinking 

• Through an assessment, water strategies are assessed against 

multiple secondary benefits 
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• Last summer, 241 rivers in 24 provinces had 
flooded, causing direct economic losses of 25.9 

billion yuan ($3.87 billion) 
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“Drought in Northern China is Worst on Record” (June 2017) 
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• Record breaking with maximum 460mm 
rainfall fell on 21 July 2012 

• Some 57,000 people evacuated, more than 
1.6M people affected 

• Killed 79 people  

• Damaged 8,200 homes 

• 10B RMB economic loss ($1.45 billion) 

 

 

Flooding in China 
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For example in Hebei Province: 

• Economic Loss: 51.4B RMB 
($7.5bn) 

• Affected Population:  9.2M 

• Death:167  

• Missing Persons:108 

 

Flooding in China 
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For example in Inner Mongolia: 

• Economic Loss: 15.0B RMB 
($2.2bn) 

• Affected Population:  612,300 

• Livestock Affected: 4.5M 

• Corps Affected Area: 2.8M ha 

 

Drought in China 
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Urbanization in China 

By 2030, 60% of 

people in China will 

live in cities. 25 of the 

world’s largest 100 

cities will be in China. 
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Urbanization in the Yangtze Delta Region 
 

2006 2010 2014 
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Shanghai 1997 
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Shanghai 2013 
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China’s urban population will increase by 300 million within the next 

decade.  75 cities with populations of 4 million are needed 

 

…. and by over 400 million by 2035.  100 cities needed. 
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“We need to develop sponge-like cities that naturally  

accumulate, filter and purify rainwater” 

       Xi Jinping, 2013 
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Sponge Cities Objectives 

Deal with “too much 
water” and reuse rainfall 
to help with “not enough 

water” 

Reduce economic losses 
due to urban flooding 

Create investment 
opportunities in 

infrastructure upgrading, 
engineering projects and 

new technologies 

Boost / maintain China’s 
GDP target growth rate 
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The China State Council issued the Trial Version of “Technical Guideline for 

Sponge City – Establishment of Low Impact Development Drainage System 

on 22 October 2014. 

Ministry of Finance, Ministry of Housing 

and Urban-Rural Development and 

Ministry of Water Resources announced on 

20 January 2015 that the Central 

Government will provide financial support 

to the “pilot sponge city” construction 

works. 

16 cities were selected as 

the 1st batch pilot cities in 

April 2015. 

President Xi Jinping delivered a key note 

speech during the China Central 

Government Urbanization Meeting on 12 

December 2013, promoting sponge city as 

one of the National Major Development 

Strategies. 

2013 2014 2015 
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14 extra cities were selected as the 

2nd batch pilot cities in April 2016. 

The implementation of 

more sponge cities to 

solve urban flooding 

problems was first 

included in the Premier 

Li Keqiang’s Central 

Government Work 

Report on 5 March 2017. 

Instructions from China State Council Office on “Guidelines for Sponge city Development” 

was issued on 11 October 2015. 

“Performance Evaluation Criteria for Sponge City Construction (Trial Version)” was issued 

by Ministry of Housing and Urban-Rural Development on 16 July 2015. 

“Temporary Sponge City Planning Guidelines” was issued by Ministry of 

Housing and Urban-Rural Development on 18 March 2016. 

“Technical Guideline for Sponge City – 

Establishment of Low Impact Development 

Drainage System (Formal Version)” was issued 

by Ministry of Housing and Urban-Rural 

Development on 22 October 2015.  

“Practice Note on Developing Hydraulic Infrastructure for Sponge City” 

was issued by Ministry of Water Resources on 13 August 2015. 

2015 2016 2017 
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Sponge Cities | Targets 

To store, infiltrate and 

reuse 70% of rainwater 

on-site.  

20% of the urban areas will 

achieve the 70% storage, 

infiltration and reuse target 

Development Target National Target 

By 2020 By 2030 

80% of the urban areas will 

achieve the 70% storage, 

infiltration and reuse target 
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2015 

16 “smaller” pilot cities 
(e.g. Wuhan, Xiamen & 
Jinan)  

2016 

14 “larger” pilot cities (e.g. 
Beijing, Tianjin, Shanghai, 
Shenzhen & Zhuhai) 

 

Pilot Cities 

Sponge Cities | Pilot Cities 
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• The ambitious project is being funded by central government (15-20%), local government 
and the private sector.  

• The central government is giving each city 400m yuan ($58M) a year for the first three 
years.  

• The majority of funds are still expected to be raised by local municipalities. The 
commitment of funding from local municipalities is one of basic preconditions to apply 
for a sponge city project. 

• In return, 20% of the chosen cities must be constructed to a sponge city standard by 2020, 
and 80% by 2030.  

 

Sponge City | Investment on Pilot Cities 
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Investment Type 

• Central Government will provide a “Special Fund” to initiate sponge city investment. 

• Other private investment funding, e.g. PPP, franchise.  

Investment in Pilot Sponge Cities 

• Central Government will provide “Special Fund” of ~0.4 billion RMB each year to initial 
16 pilot cities (depending on scale of the city). 

• Total investment for the 16 pilot sponge cities (including Central Government’s Special 
Fund and other funding sources) are expected to reach 130 billion RMB ($18.9bn). 

 

 

 

Sponge City | Investment on Pilot Cities 
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Shanghai Expo 

Tung Chung West New 

Town Extension Yuen Long South Development 

Beijing Yongding River New 

Ecological Cultural Zone Baotou Inner Mongolia  



Wales, United Kingdom 
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• The Cambrian catchment has a population 
of 4,500 and is located in Llanelli, South 
Wales.  

• The CSO discharges approximately 52 
times per year into the Loughor Estuary, a 
designated Shellfish Water.  

• The National Environment Programme 
(NEP) placed a requirement to significantly 
reduce to only 10 by March 2020.  

Llanelli Rainscape 

Protected Shellfish Waters, EA 
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• To meet this target Dŵr Cymru Welsh 
Water implemented a £7.9m catchment 
wide surface water removal and sustainable 
drainage systems (SuDS) solution (£114m 
total).  

• Arup and Morgan Sindall have delivered 
this work as part of Welsh Water’s Capital 
Delivery Alliance, closely engaging 
Carmarthenshire County Council, Natural 
Resources Wales and customers. 
Construction began in November 2015 and 
completion was in 2017. 

Llanelli Rainscape 
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Feasibility …. Outline and optioneering…. Consultation.… Final design 
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Llanelli Rainscape | Wales, UK 
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Llanelli Rainscape in the News 



New York, NY 

Hunters Point South 
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Green infrastructure integrated with the park 

Hunters Point South | Queens, NY 
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Constructed wetlands for waterfront resilience 

Hunters Point South | Queens, NY 
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Reconnecting People with Water Mobility Green Space & Trees 

Vision Zero 

Shared Streets 

Traffic Flow 

Safe Access 

Public Space 

Healthy Trees 

Recreation 

Habitat Creation 

Combined Sewer Overflow 

Improved Water Quality 

Flood Risk 

Drainage 
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New York, NY 

NYC Green Infrastructure 



50 

               

• 7,400 total miles of sewers 

- 3,337 miles of combined sewer 

• 14 Wastewater Treatment Plants 

• Over 430 CSO outfalls 

 

 

NYC Sewer System 
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• 7,400 total miles of sewers 

- 3,337 miles of combined sewer 

• 14 Wastewater Treatment Plants 

• Over 430 CSO outfalls 

 

 

NYC Sewer System 
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• 2010 – NYC Green Infrastructure Plan 

o Laid framework to use green infrastructure to manage 
1” of stormwater runoff from 10% of impervious 
surfaces in combined sewer areas by 2030. 

• 2011 – DEP Office of Green Infrastructure (OGI) 

o Created to implement GI Plan 

• 2012 –  Amended Consent Order 

o DEP and NYS Department of Environmental 
Conservation (DEC) signed a historic agreement to 
incorporate a green and grey adaptive management 
approach into the CSO program.  

 

 

NYC Green Infrastructure Plan 
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• Manage 1” of stormwater 
runoff from 10% of 
impervious surfaces in 
combined sewer areas by 
2030 

 

• DEP has committed to invest 
$1.5 billion in green 
infrastructure through 2030. 

 

NYC Green Infrastructure Plan 
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108,000 gallons/year managed 

0.69 job/year 

$19.39 treatment savings/year 

9% potential property value increase 

2% urban heat island reduction 

84 lbs CO2 sequestered/year 
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618,000,000 gallons/year managed 

3,970 jobs/year 

$112,000 treatment savings/year 

9% potential property value increase 

12% urban heat island reduction 

539,297 lbs CO2 sequestered/year 
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Bioswales constructed from the Newtown Creek contract 

NYC Green Infrastructure 
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Design Procedure 

Hydraulic Analysis Site Walkthroughs 

Geotechnical 

Investigations and 

Topographic Survey 

Design and 

Construction 
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Near bus 
stop? 

Parking 
rules? 

Catch basin 
locations 
verified? 

Proximity to 
entrances and 

driveways? 

Soil permeability? 

Sidewalk 
width? 

Near schools and 
churches? 

Utilities / 
Underground 

vaults? 

Subway above or 
underneath? 

Street 
furnishings? 

Proximity to 
corner 

quadrant? 

In low / moderate / high 
density neighborhood or 

corridor? 

Outside drip 
line? 

High point 
verified? 
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Hydrologic Analysis 



67 

               

 

Geotechnical Investigations 
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Survey | Engineering Design 
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Contract Drawings 
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Design & Construction 

704 Potential ROWBs 

Contract Target: 578 ROWBs 

655 Preliminary ROWBs  

197 ROWBs  

Hydraulic Analysis 

Site Walkthroughs 

Geotech. & Survey 

143 ROWBs  
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Too Narrow 

4.8% 
Bus Stop 

4.2% 

Entrances / Access 

38.3% 

Mature Trees 

23.6% Utilities / 

Underground 

Vaults 

2.0% 

School / Church 

9.1% 

Street Furnishings 

0.3% 

Hydrant 

0.1% 

Permeability 

0.1% 

Small Drainage 

Area 

0.6% 

Subway 

11.4% 

Other 

5.5% 
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“Original” 5’ X 20’ ROW Bioswale 
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3.5’ X 20’ ROW Greenstrip 
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5’ X 20’ ROW Infiltration Basin 
 



75 

               

 

Stormwater Green Street (SGS) 
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Porous Pavement 
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Unmapped Underground 

Groundwater Infiltration House Sewer Records 

Construction Coordination 

Resolving Utility Conflicts 
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Sponge Cities 

• One technical challenge is making sure that the masterplans accurately consider the local 

hydrology and climate change 

• Challenges around financing the project by public private partnership (PPP) investment, 

due to the need to identify the returns for all parties and develop a healthy financial model 

• Designers and stakeholders to understand the operation of Sponge city LIDs 

• Stakeholders accept the flooding of green space during rain events and an acceptable 

duration for flooding  

• Appropriate design details of the landscape design within LIDs. 

• Depending on how local pilot cities manage technical and management challenges; 

implementation timelines vary significantly 

 

 

 

Lessons Learned Summary 
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Hunters Point South 

• Interagency Coordination 

• Design Guidelines + Standards 

• Demonstration Projects 

• Community Buy-In 

 

Lessons Learned Summary 

NYC Green Infrastructure 

• Define objective + the Benefits 

• Establish targets + long term plan 

• Maintenance + Ownership 

• Funding? 

• Evolution of Design through Research 

• Prepare for construction challenges 

• Context-sensitive 

• Community Buy-In 
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Westchester Creek Green Infrastructure | Bronx, NY 

BIM + Augmented Reality 
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Green Infrastructure below the viaduct 

Under The Elevated | Sunset Park, Brooklyn 



Songdo, South Korea 

NYC Green Infrastructure 
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New masterplanned smart city 10 minutes from the Incheon International Airport  

Songdo City | Incheon, South Korea 
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Rainwater harvesting cells beneath the park 

Songdo City | Incheon, South Korea 



London, England 
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Wild West End | London, England 
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Wild West End | London, England 
 



Los Angeles, CA 
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Community-driven green infrastructure in Pacoima  

Bradley Green Alley | Los Angeles, CA 
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Green Alley Precedents 

Bradley Green Alley | Los Angeles, CA 
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Community-driven green infrastructure in Pacoima  

 

Bradley Green Alley | Los Angeles, CA 
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Community-driven green infrastructure in Pacoima  

 

 ©RCH Studios 

Bradley Green Alley | Los Angeles, CA 



Thank You! 

vincent.lee@arup.com 

@VincentLeePE 




