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1 ABSTRACT

Climate hazards from increased frequency and sgvefiextreme weather events require urgent urban
adaptation action to increase resilience agaionsidfhg, landslides and extreme urban heat, as sdrtee
highest risks. Nature-based solutions (NbS) inftren of functional urban green can effectively reelu
disaster risks (IUCN, 2020; L. Arjan et. al., 2021deally such green-blue infrastructure would form
networks and be systemically integrated with grafyastructure like drainage pipes to optimize resde
against flood risk. This paper looks at the Spo@gg program in the People’s Republic of China (BRC
which incorporates a range of water-related nabased solutions to manage natural water cyclegiesc
and reduce urban runoff and flood risk, locally taaing, retaining infiltrating, and harnessing raand
stormwater reused as water resources, increadenatcaal infiltration and threrby also cleaningrshwater.
Technical guidelines were issued and 30 pilot itieere supported in 2015 and 2016, followed by 60
demonstration cities in 2021 and 2022 (MinistryHafusing and Urban—Rural Development, 2014). The key
indicator set by the government has been to captd®é of annual rainwater in the pilot areas. A néce
study suggests that this has been achieved imtbe tases used (J. Wu, 2022).

While this concept is not new, it is now being aglby an increasing number of cities around thédvo
using this name (for eaxample: Hamburger Stadte#®ering, 2015). Sponge cities in the PRC and
elsewhere should be mainstreamed and better it¢egith gray infrastructure to be most effectivadan
efficient resilience systems to reduce flooding ertteme heat while also delivering a whole ranigetioer
ecosystem services as co-benefits, including dmrtidns to climate change mitigation (for exampEe:
Browder et al. 2019). Not least public health, eational benefits and land value increase can peical.
Planning and implementing green-blue systems asfitehg of existing urban areas is challengingdan
requires strong stakeholder and community partiicipa Mainstreaming NbS and sponge cities as part o
risk-informed and integrated urban and regionahiitag of new urban areas in urbanizing Asia andfieac
and Africa is essential considering the realityayid temperature increase and increased climatabiley .

The Asian Development Bank (ADB) is committed totbe climate bank for the Asia and Pacific region.
ADB supports, among others, green city developmelimate risk assessment, resilience investments
inclusive of NbS and sponge cities, and contributéd advancing methods and pilot projects (ADB1@&8,
2016b and 2019).

This paper offers an overview of sponge city in #IeC, technical and policy dimenions and initial
observations on strengths and weaknesss of implémgetme 30 plus 60 pilot and demonstration citi&s.
key conclusion is: it is essential for cities toaddish effective green-blue NbS resilience systdafifective
gray engineeering infrastructure systems in caiesvery much also needed. Systemically integrdiwtd,
green-blue and gray systems is essential to dslibest results. With the required urgent compretens
transformation, all needs to be planned well acgexgors, to ensure that investments in NbS cari&ib
simultaneously to both, mitigation and adaptatiénd it is critical that planning integrates withhet
objectives inclusive of compact city, healthy arge-friendly city, among others (N. Habib et.al.2@p
Because physical structures, industries, standgaernance, regulatory and educational institgti@and
mindsets can’t change overnight, a holistic styatayd the collective will to fast forward implemation is
most needed. Some of the below findings were dastiin a prior publication by the author (S. Ra22)
and updated with results from new literature angjguts, especially on effectiveness evaluation raew
methods applied.

Keywords: risk-informed planning, advanced planniogls, sponge city, nature-based solutions, urban
climate resilience
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2 THE CHALLENGE: CLIMATE CHANGE RISKS TO CITIES

Cities and their residents are most affected by fs changing climate and they also significantlty
exacerbate its adverse impacts from its carbonstonis. East Asia is expected to be disproportigmatre
affected by climate impacts compared to global ayer Weather extremes will be more likely and feagu
including torrential rains, cyclones, lomg dry peils and heat waves, that cause flooding, landslides
desertification, sea-level rise, drought and ex&ramban heat (IPCC, 2021). At risk are human lized
health, livelihoods, families’ life savings, inftascture and assets. Disasters are exacerbateddwtable
land use and urban form, i.e., in areas at riskxpiosure to hazards and as carbon-intensive urdtberms
and economies. Paved land and buildings generatewsater runoff that requires management and they
absorb and store heat.

Densely built-up urban areas without or with linditgreen spaces are up to 10 degrees hotter inithmer.
This has already claimed premature deaths in matigs dncluding in high-income countries and is a
significant risk in developing economies. Vulnermbbcial groups are more affected, including plmw;
income and elderly people, which requires adaptdiiobe inclusive. Urban investents, public andaie
must contribte to the dual transformation neecesilience and low-carbon development.

Existing cities and urban areas require comprekierand fast adaptive retrofitting action (S. Rad2D.
This is a prime task around the world, and it s mtost challenging. It requires participation aeg/riorms

of partnership among adinistration, communitiessifesses and individuals. It involves risk analysis
planning, design and orchestrated public and priiratestment planning and careful implementatiorkexx
obective is to establish effective resilience systgwhile also reducing carbon emissions) covethy
whole urban territory of an urban region and reagheyond for building effective ecosystem networks
Newly developed urban areas in rapidly urbaniziegions especially in south and south-east Asiaiand
Africa require practical methods for risk-informéategrated urban planning aiming at comprehensive
resilience - as well as low-carbon, resource-effiti development. Concerted swift transformation is
challenging in all aspects, institutionally, teatally, societal, economical and financial.

3 CONCEPTS AND INSTRUMENTS: NATURE-BASED GREEN-BLUE | NFRASTURCTURE

Urban resilience through nature-based solutionsSN&n be an effectice, efficient and widely acedpt
approach and applied through the sponge city cdnicejpps comprehenive understanding. A sponge city
soaks in rainwater and retains excess stormwdten, filters and releases the cleaner water slomlych

like a sponge does. A sponge city aims at improvirgan rainwater management reducing runoff from
bildings and paved areas and increase retentiomainuotal infiltration applying nature-based solngaand
green-blue infrastructre (i.e. K. Yu, 2016). NbSplegrd in sponge cities include preserved floodmain
stormwater retention lakes and ponds, wetlandgngvays, parks, rain gardens, green roofs, and biesw
And also pervious pavement and underground wateages are applied. A comprehensive city-wide and
river-basin wide plan for sponge city would deliveoth resilience to various climate risks and
simultaneoulsy contribute to climate mitigation.

Cities require both structural measures, like gaagl green infrastructure system investments, amd no
structural measures, like disaster preparednessearig warning systems for floods and other po&tnti
disasters (United Nations Office for Disaster RRkduction, 2015, 2019). Structural measures have
traditionally been gray infrastructure, e.g., caterwalls, dykes, drainage pipes, canals, deelgystems
and large storage tanks.

Natural green-blue systems and their self-regudatipacity have been rediscovered as effectivéemst
measures and have been applied as ecosystem-luegsdtmn in more and more cities around the globe
(for example: European Commission, 2015; UN W&284,8). In the People’s Republic of China (PRC) the
concept of sponge cities is based on NbS and grdesstructure. It has been a national government
program supported by the Minsitry of Housing and&i-Rral Development since 2014 through 30 pilot
cities (an evaluation was done by D. Yin et al,@0&upport continues with a more systematic aistesyic
approach and as better intregration of green-bhee gray systems for additional 60 demonstratiore<it
since 2021. Outside the pilot cities program ety in the country was obliged to prepare and snpént
sponge city masterplans.
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Further integration with the objective of low-carband comprehensive climate-resilient development i
critical for resource efficiency and can be achietgough systematic urban planning, urban desigd, a
integrated investments. Systematic urban plannmiguaban design can take into account the needsotbr
low-carbon development and risk-informed plannimg fesilience against more natural hazards in a
changing climate that will impact the PRC disprdjporally more than other regions (IPCC, 2021, World
Bank and ADB, 2021). Integration will effectively@d redundant constructions and deliver more valug
benefits for each dollar invested, as opposed #éttesed unintegrated sector-wise investments. Wills
promote long-term sustainable green transformatf®danning of urban patterns with compact mixed-use
development based on public transport, walking, @ming with small blocks and small streets an8lju
green spaces will reduce the need for transpgreaple may choose to live near where they workp saiod

go for recreation in parks.

PRC'’s Technical guidelines for Sponge Cities prewadcatalogue of NbS options. The Ministry of Hagsi
and Urban—Rural Development published Technicati€lines for Sponge City Construction in 2014. These
comprehensive guidelines instruct cities to assegb plan a comprehensive sponge city approach on
integrating all levels of planning and design, fr@mategic urban and regional planning to detailed
community, site, road and building design, congiong and maintenance. The overarching principlevws
impact development, conservation and protectiomivars, wetlands, and other water-related and green
space ecosystems; the enhancement of the hydraldgiwtions of these areas; and the integratiothern

into urban areas. The overall national target 08@%b reduction of urban runoff is regionally dietiated
according to precipitation levels and overall vambitious. The guidelines recommend specific messur
that should be considered and integrated, sucheasegable paving, green roofs, sunken green spaces,
biological retention facilities, infiltration, weand regulating ponds, seepage wells, rainwaterangs,
rainwater tanks, conditioning tanks, grass ditcteegpage pipes/drains, vegetation buffer zonesalini
rainwater abandonment facilities, and engineerét isfiltration enablers. Sponge city program istno
isolated. It is embedded within a range of policless aligned with the national adaptation stgits of the
PRC (Government of the PRC, 2013 and 2022). Aradighs with the PRC’s urban adaptation action plan
(Government of the PRC, 2016).

Systematic, intergated multi-scale planning andage comparison. A comprehensive approach involves
intergated risk assessment and risk-informed ueahregional planning on watershed, urban regiity, c
district and neighborhood scales. It considersmbt@and manmade systems like surface and groundwate
existing topography and forests, green spaces,efisa® land cover, land use and built infrastruetand
assets. As a key feature of sponge city plannindetsentralization of drainage aiming at local raatev
retention and infiltration, cumulative local actiam many places can contribute significantly to uesl
flooding of the drainage system, while local acti@so need to be part of a larger hydrologicalesysand
climate system for cooling effects.

Advanced planning and simulation tools. The uskadlly shared GIS platforms with data-feeding aisd

by local administration and researchers acrosiedffers many opportunities to analysis and apgly
science to planning and action. Climate models tbaalize global and regional models allows better
understaning of local hazard risks. The use ofa&the-art hydrological and hydraulic modelingoa¥is
comparative assessment of planning scenarios tdegpolicy makers on most effective and efficient
adaptation options. Local climate and wind modellp lunderstand areas of high risk to extreme uHgaat
and allow conceptualizing systems of cool air patysvfor natural ventilation of cities. Their comipeasive
integration enables optimization of green-blue exystayout for reaping most benefits from availdbled
and financial resources. They are useful instrumémtthe process to promote the best solutionshén t
consultation and participation process.

Optimize multiple ecosystem-service benefits fromSNthrough systematic planning and design. Results
from implementing integrated sponge city conceptdh® ground start to show improved resilience rssjai
urban flooding and water scarcity, as well as aolatl benefits from ecosystem services like reduesat in

the summer, enhanced biodiversity, improved livgbit and increased land value. Studies show that
residents welcome actions for reducing risks amdHeir increased urban liability from the greeracgs,
green roofs and facades etc.
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Optimize resilience improvement from systemic inétign of green-blue and gray systems. The spoitge ¢
program in the PRC has been improved to deeperbettdr integrate gray and green measures so they
mutually reinforce one another and work as optidhizgstem together. Existing gray infrastructurdesys

like drainage pipe networks were analyzed and asdd®r improvement opportunities, i.e. along vather
system improvements, like separating existing coebisewers into sanitary sewers and drainage pipes.
Drainage pipes can be more directly discharingmiater into rivers, as opposed to the detour thrdaheg
wastewater treatment plant. This results in mofectifeness and efficiency. The more polluted filtssh of

the stormwater can be cleansed through NbS asdyuntte sand and earh filters before discharging the
river. Integrating this with comprehenive stormwatetaining cascading at-grade green-blue systems
showes in digital simulation that urban floodingndze very significantly reduced in the future. Wisatrue

for reduced floood risk is also true for impprowedter management for irrigation and for improvetdaur
microclimate and the carbon sequestration anduailityy improvement impacts.

4 PROJECT CASES: PILOTS ADVANCING METHODS AND TECHNIQ UES

There are many cases in the PRC — and also elsewabdhe concept is applied in many places, that ha
been studied and evaluated. A few have been sugupdny the ADB in the PRC, including in Jiangxi
Pingxiang, Jilin Yanji and Shanxi Changzhi. Theyrevalso used to advance methods and techniques. For
eample, digital analysis tools of hydrological amdiraulic models linked with GIS were used to depel
and simulate scenarios for design storm events drathage design scenarios. Gray and green-blue
infrastructure systems were integrated and simdiligether. Ecological river rehabilitation andoftbrisk
management preserving floodplains and rehabilitmetlands for water retention and cleansing and
biodiversity enhancement. Other measures incluskeeiam river training for flow management and reduc
pressure on embankments. Further measures inclesigndof cascading systems of green roofs, rain
gardens, bioswales, earth filters and wetland§ifgtrflush stormwater treatment.

Jiangxi Pingxiang Intergated Rural-Urban Infrastuoe Development Project Case: Flood risk redudsam

top priority in Pingxiang, in Jianxi Province oftfPeople’s Republic of China. Flood frequency anasty
have increased significantly since 1998. Flood49688, 2001, 2002, 2010, and 2014 affected more than
496,000 people, caused the collapse of more tH&00houses, and resulted in significant econonssdse

in agriculture. A major flood on 25 May 2014 sevgrnpacted public safety and health and caused an
estimated $115 million in economic losses. As adiveder municipality where all rivers originate withts
territory, Pingxiang is prone to fluvial flooding, key risk aggravated in combination with pluvialotding

in urban areas. Most riverbanks in Pingxiang haagléquate flood protection, sediment accumulatiom f
riverbank erosion, and raised riverbeds from mirsadiments, further reducing the flood dischargeacay

of rivers. Urban drainage systems, the gray infuastire, in Pingxiang are made of combined sewer an
drainage pipes. These challenges were addressau APB supported project (ADB, 2015).

Pingxiang was selected as one of 16 first generatational pilot sponge cities in 2015. ADB prephaad
supported a project that contributes to makingstienge city concept more comprehensive and gre€her.
ADB project contributes with the river related extructure to Pingxiang's Pilot as an overall sggtby
piloting sponge city design principles and grednastructure development in the four key sub-cengard
the respective urban and river areas of influerfc@ingxiang Municipality in Xiangdong District urba
center, Lianhua County (county seat), Luxi Courtgpufty seat) and Shangli County (county seat and
Tongmu township), while the national governmenftgpam focused on areas in Pingxiang’s core urbaa are
It consolidated planning and investment for intégplariver rehabilitation and flood risk managememt
improve climate resilience, enhance biodiversitg aontribute to urban greening as an amenityifaens,
thereby increasing livability and value of a cifjhe various features include green embankmentdicpub
accessible river greenways, floodplain protectwatland rehabilitation, and wetland parks for stoater
retention, as well as sewer and drainage separationwastewater interceptor pipes along projeetsiv

The project changed the conventional gray infrastme approach of flood control through channeting
river with walls and/or hard embankments to a gredrastructure ecosystem-based adaptation approach
More green space is provided to the rivers. Flaaidpland wetlands are maintained and/or rehaleititand
green embankments with soft water edges are apiiatlow for natural and seasonal fluctuationsvater
levels and to reduce flooding impacts of more fesguand severe storm events, while also contrigutn
enhanced ecology and water quality. Climate rist amnerability assessment and hydraulic modelihg o
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anticipated storm events were developed duringptbparation of the project. Specific additional @dtion
measures were included in the design. During th@eimentation of the project lessons learnt werdieghp

in new subproject designs and replicated in otbeations. Lessons were also shared with otherbén t
country for replication. Below are sample desidustrations and pictures of the implemented projeatal
residents and visitors already enjoy the river gwegys and reduced flooding, and the governmentfitene
from increased tax revenue of increased properyegaand more people and businesses attracted to th
greener towns.

Aerial Foto of a completed wetland restoration th@ibles as urban park for recreation and for imipgmicroclimate in
Pingxiang. Source: Pingxiang Government.

Design of green embankments, riparian landcapeehmbilitated wetlands with increased flow capaaitg enhanced biodiversity.
Source: ADB consultants for Asian Development Bank.

Jilin Yanji Low-Carbon Cimate-Resilient Healthy ZProject Case: For this project, ADB used the gtesi
of sponge cities as a platform for mitigation amn@tation elements, such as public transport tonpte
walking and cycling and healthy lifestyles (ADB,13). It further piloted innovative approaches, umthg
advanced computer modelling, demonstrating thaghating green and gray infrastructure can siggnifily
reduce urban flooding (pluvial flooding).

REAL CORP 2024 Proceedings/Tagungsband Editors: M. Schrenk, T. Popovich, P. Zeile, P. &lisC. Beyer, J. Ryser, E
15-17 April 2024 — https://www.corp.at H. R. Kaufmann



Climate Resilient Sponge Cities — Concepts and Taodlistegrate Green-Blue and Grey Systems

Flooding is a significant problem during the raggason in June and July. Flooding occurs for abalatys

per year on average in recent years. River flogdiagh floods, and urban flooding endanger liyasperty,

and livelihoods, and disturb traffic and publicelifThe combined sewer and drainage pipe system is
outdated. Only 11.6% of the pipe network meetsrdwired 1-in-3-year flood design standard, causing
pluvial flooding during heavy summer rains. The @rang River urban catchment area is currently eaghos
to flood risks of 1-in-20-year flood events.

A e 3 e OF.

Flood risk reduction. Restored riverside wetland$ gireen water edges along gentle slopes alongvrereduces the risk of
flooding. At the same time, they provide a habfibata diversity of plant and animal species andeeas an amenity for residents
during non-flood times. (Photos: Stefan Rau) Soufs@an Development Bank.

ADB financed the first bus rapid transit (BRT) ddar in the northeast of the PRC and integrateulitit
comprehensive stormwater management and water ysigystem improvements. The overall concept
follows the principles of transit-oriented develagm focusing on higher density mixed-use and pgedes
friendly center areas including green spaces ar@Rd stations, thereby promoting low-carbon urban
mobility. New green spaces that are designed asgspoity green infrastructure will link station asewith
project-supported riverfront greenways. These spad# create a network of sponge city infrastruetu
enhancing climate resilience and urban livabilfese green spaces apply universal design prisctple
ensure accessibility and also promote healthiestliles for residents and tourists, hence cortiriguo a
healthy and children and age friendly city develepin

During project design, a catchment-based spongencétster plan for the northern part of the city was
developed along with a climate risk and adaptatiptions assessment. A detailed digital topograpHian
and hydraulic model was developed for the projebe model was piloted as an expert tool that siteala
future storm scenarios and adaptation options iiatem existing and newly proposed drainage pifie/oek
improvements with at-grade sponge city green itfugture. Improvements to drainage and flow capacit
combined with increased stormwater retention aridtration capacity, were quantified, visualizedhda
evaluated to optimize flood risk reduction, inveshts, and green space benefits. Investments include
sponge city green infrastructure along streets péthneable paving and tree plantings in large ptanwith
increased space for roots and more infitration cigpdt includes rain gardens and bioswales indesgial
areas within the catchment of creeks, integrateél imiproved and separated drainage pipes (at4&akin)
and wastewater pipes (at least 40 km), using efulin a detailed integraeted 3D hydraulic modeliftge
project significantly reduces the climate-relatddvial and fluvial flood risks (according to thegpect's
hydraulic model up to 1-in-50-year flood eventsalso improves the water quality through the catsion

of end-of-pipe sedimentation tanks and reed-bed §Hars. Fluvial flooding is reduced through eagical
river rehabilitation of the Chaoyang River, impnogithe flood protection standard from 1-in-20-y#aods

to 1-in-50-year flood events. Bio-engineering i®pted, which includes in-stream solutions in thented
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and green embankments as well as building pedestmal bicycle paths with tree planting along the
greenway.

This intergation of improving gray drainage pipestgyns by short and direct alignments to the rivigh w
end-of-pipe solutions and the systemic integratidth newly introducded above-grade and at-gradergre
blue measures retaining and cascading stormwateeatifvely reduces urban and river flood risk. The
benefits of improving public transport, linking Wiexpanded bicycle and pedestrian networks andhgree
spaces are already transforming the city. The BRTes is a great success with ridership of pubdingport
significantly increased and pupulating the enharexedl new functional green spaces. Below are plgnnin
diagrams and the visualization of the system.

Sponge City Green Infrastructure Mashdrplan —~—r

* Integration of NMT + BRT Systems —
* River Rehabilitation and Flood Risk Management f
* Watershed-based ecological creek restoration Sy watonghun Creet KGR
* |Improvement of wastewae management system Yorgan Cresk &&8
1 Dergeing Crest BN

(.f’

Cevtrwized Spenge Oy Mabiufes in Park sres
I"’ Welong Cresk i 25 @ BT Staticn with Sponge City Measures
Kool Cres HEER —  Geeenway with Sponge City Measures
T Matodes S
Ihongping Cresk R L Wellend uveg rieer water
Crooyonghe B Croel SIRENEA - Ecological Revtoration of Crawis
Chooyenghe ACreek MEIAR  ~  New siorm water pipes

SWMM modeils for North Yanji and three independent creek catchments

No of floodmg node — 2
Max duration = 3 hours
Flood water vol: 0.298 ml

Modified design - 1/50 years rainfall event

'No of flooding node — 1
Max duration — 2.75 hours

Mo of flooding node - 4
:Flood water vol: 0.04 mil 9

Max duration — 3 hours
Flood water vol: 0.2 mi

Sponge City Green Infrastructure Master Plan forjiY@ity. (Plan graphics is based on river and crestichment areas for the area
north of the Buer Hatong River, image by Nengshirdh&WMM model image by Heping Zuo). Source: Adivelopment Bank.

Shanxi Changzh Low-Carbon Climate-Resilient Circitaonomy Transformation Project Case: Changzhi
was selected as a national demonstration spongenc021 for deeper application of the concept.BAD
prepared an integrated support project. Changzloicested in southeast Shanxi Province and is (faitteo
Yellow River Ecological Corridor, which had a togbpulation of about 160 million in 2021. Changsghi’
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permanent resident population grew to 3.15 millim2021, with about 899,000 living in the centegaof
the municipality’s urban districts. Similar to magtShanxi Province, the economy is dominated bhaa
intensive heavy industry, such as coal and endigy;impacts Changzhi’'s air quality, which is sligh
worse than other cities of similar size. Heavy stdy generates about 77% of the city’s total reeehut
employs only 11% of the workforce (ADB. 2023).

Implemented first phase of the bus-rapid trandibhwike paths and sponge city tree planting and roadian landscape linking to
green parks. Source: Yaniji City Government

Annual rainfall in Changzhi is low (534 millimetérsvith more than 60% falling in summer. Groundwate
resources are widely used. Changzhi is exposeddéire, drought, and seasonal flooding risks,adlivhich

will be exacerbated by climate change. By 2050, dlierage temperatures in Changzhi are expected to
increase by 2.3°C, which will likely cause a poigincrease in evaporation. The changing climatkalso
increase extreme weather events, with long dryodsrand heavy rainstorms, and increased wateritygarc
droughts, and floods. Continued groundwater usechased a significant depletion in the water tabtdch

has dropped by more than 10 meters in some arees 8D00. In Qinyuan and Licheng counties, recent
floods damaged riverbanks with over 300 househsilgisficantly affected. Changzhi’s institutionalpeeity

on climate-resilient planning and green financing weak and fiscal resources are limited. Lackrots-
sector coordination within the government alonghvétlack of information and communication technglog
(ICT) platforms hinders the modernization of gowaroe. Poor urban and transport planning have esbinit
climate-vulnerable urban patterns.

The project carried out climate risk assessmentpaoplosed and included adaptation measures toedtac
risk of flooding, drought, urban heat, and wildfifEhe main approach is applying nature-based soisiti
using green infrastructure while also improvingygirgfrastructure systems and systemically integgaboth

to manage climate-related risks. These physicalsorea are complemented with non-structural measures
like monitoring and early warning systems, disastat preparedness, and institutional capacityding to
further plan for resilience and effective manageinnaeiusive of insurance schemes will increase @Qihiis
resilience against climate-related risks.

The project provides strengthening of governmestititions and engaging the private sector to faansa

carbon-based economy toward a low-carbon and zastewresilient city and contributing to climate
resilience and building green capital through irdéed planning and by implementing compact city and
transit-oriented development principles with pedastfriendly green urban environments. The project
reduces waste and explores lifecycle assessmenttter reduce environmental impacts, reduces carbo
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emissions, and optimizes resource use efficienbg. §ponge city contributions of the project inclusy
green parks to function as flood retention areagelsas cool air pathways to reduce extreme uiteat.
These green spaces will benefit local residents\asitbrs and also be home to a diversity of plant
animal species. The projetct’s integrated plan@ing design will create synergies that generate waltee
from every dollar invested for climate mitigatioadaptation, public health and other ecnomic benefit
Below are illustrations of project location and cepts. The project also integrates landscapingtiseed
planting in public spaces and along roads as medidioswales, applying the sponge city principlés o
increased planting areas, more space for tree-amatsnfiltration enablers.

The project applies an advanced method of ecolbgiea rehabilitation integrated with soil bioengiering
to all project rivers. This innovative method oftream river training allows improvement of riveegurally
and it allows their ecological condition under bdtly weather and low water flow level conditionsves|
as for river flood protection during flood everithe principle of this method of instream river tiag is to
work with rocks and boulders that are carefullycpth on the riverbed below the water line. This ta®a
local turbulences which lead to riverbed alterajosiower and faster flows within the river streaand
temperature differentials which increase habitat hiodiversity of fish and other plant and animad¢aies.
During a heavy rainstorm event, the instream rivaining method will lead to a physical build updan
acceleration of water masses through such hydradigsa This in turn will reduce need for river
embankment enforcement and allows soft and green edges with enhanced ecology and biodiversity.

The project contributes to and complements domestigities. Changzhi City was the only city seéeths
part of 20 demonstration cities for the new nati@monge city program to systematically promotengjgo
city planning and construction. The key tasks iiis thction plan include ecological restoration and
governance projects, flood prevention and draine@estruction projects, water environment governance
projects, water resource utilization projects, arbbanewal and transformation projects, industriaseb
construction and control, and strengthening spaitgecapacity building.

e

Pogle Eart

L\ Imagery Date:11/28/2022 & 36°13[51:36" N 113°07:2816"E elev  0OmW it 2.33 km
Planning support included land use planning foigadr density mixed use urban core area basedhositrand walking. ADB
proposed a central green space and a pattern dftdotks and streets. Investments include roadb s lanes and bus stops,
proper sidewalks and bicycle lanes, green mediaddraes and a major central green space betweanaittstation and the airport.
A green network for hydraulic functions and puldjwen spaces. Blue arrows show principle of cogbatihways as ventilation
corridors from the mountain to the Zhangzi lake alwhg the project green spaces.

REAL CORP 2024 Proceedings/Tagungsband Editors: M. Schrenk, T. Popovich, P. Zeile, P. &lisC. Beyer, J. Ryser, M
15-17 April 2024 — https://www.corp.at H. R. Kaufmann



Climate Resilient Sponge Cities — Concepts and Taodlistegrate Green-Blue and Grey Systems

Surlave |

Rairgerdan and
niEygroand

*
N i B g

L

For another subproject area a network of stredts greenways and green connections and pocket phrssigned with sponge
city functions were proposed by ADB, as well as t@-sponge city measures for buildings. Reuse afdétevastewater is also
supported as part of water security and circulanemy concept. Source: Nengshi Zheng, Zuo Hepingypeng and Stefan Rau

for Asian Development Bank, based on Google Earth.

GoogleEarth

Imagery Date: 322022 36°30°4612"N 112°22'06.28"E elov Om  eyealt 433%km

Qinyuan County Subproject and Proposed Blue-GreewdtktMasterplan. Project investment componentsyaeked in red lines
or outlines with ecological river rehabilitationdafiood risk management and greenway developmegitess capital investments,
and as solid dark red line for the road. Theseegtsjwill contribute to a functional blue-greenwatk that provides multiple
ecosystem services benefits including flood riglugion and urban cooling improving climate resitie and they also serve as
amenities for people and sink carbon emissions.rdae will provide a bypass for the county seat esmiplete a public transport
and bicycle and pedestrian network. Source: Nengfs@ing, Design Institute based on google eartémn Development Bank.

5 STRENGTHENED INSTITUTIONS ENGAGE WITH PRIVATE SECTO R AND PEOPLE

The worsening climate challenge and increasing mumiof disasters mandate transformational change
quicker and beyond what may have been anticipatestiqusly. Relevant, swift, deep, and ubiquitous
change of the way we are used to think about anthithys is imperative to mitigate and adapt to the
changing climate, but also to decisively act topstmd reverse ecological, biodiversity, and pabhti
challenges. This requires changes in many areasirsiidutions and in the way public and private
stakeholders, communities and individuals commuaieend collaborate. And it needs changes in the way
engineers are trained and contractors work. Inratleeds a lot of system inertia needs to be oveom

Reform government institutions and integrate spatigewith comprehensive risk management. Creating
sponge cities by using NbS, like other climate &atign and mitigation actions, will be effectivelyiif all

EE
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concerned administrative sectors and all governitesels are coordinating. They should engage basase
and communities for resilience and resource and-leme efficiency. All risk mapping, climate adajiat
and mitigation planning, and operational work icitg should be coordinated at a high level andsihenge
city goal needs to be treated as an important gfaitte overall strategies of a city. It is also ong@ant to
integrate disaster risk management (both as pHyarmh non-physical interventions) into spatial plizg,
investment prioritization and operations, as wall cdimate risk insurance. The Sendai Framework for
Disaster Risk Reduction provides guidance on reduciatural or manmade disaster risks through an
integrated and inclusive, multihazard, multileveahd cross-sector approach to reduce loss of Iagsets,
and economic damage.

Governance improved to enable cross-sector and-cisgictional coordination for resilience with lew
carbon urban transformatioon to optimize co-besefultilevel and cross-sector governance mechanism
need to be improved to: ensure that open spacee@rsystems are protected, and for the planningwaf n
urban areas integrate flood and drought resiligsiaening — while also integrating low-carbon urldarmm
principles. Adapt existing urban areas to introdM&S with green spaces that are optimized for both
resilience and to reduce greenhouse gas emis$idoan land use and form should be based on corgjigct
concepts with recreational green spaces that isereasilience while also serving as recreationehsr
reducing the need for travel to find respite f@idents. These and more aspects are under thenséisitity

of different agencies and private sector contritgignd effective coordination is critical for theceess of
sponge city.

Governance improved to enable integrated crossiseanhd cross-risdictional green-blue and gray
infrastructure applied systemically and systemdyicH is critical to cover entire urban areasctmntribute to
comprehensive climate resilience. Well-planned prmtected blue (i.e., surface water) and green open
spaces in a city and urban region have the capézitgduce flood risk while also improving the Ibca
management of rainwater and urban heat risks. Citidl also become greener and more livable. Most
effective in reducing flood risk is the integratioh green and gray infrastructure into a compreivens
system that works together and across rural andnudreas, combining water conveyance, retention,
detention, and infiltration. Drainage pipes, chdsnéeep tunnel and storage facilities, walls, dykkes can

be most effectively linked with green roofs, raitereharvesting, rain gardens, sunken parks and Bplals,
bioswales, wetlands, and protected floodplainsusk&n areas im many cases go beyond local junsstit

is important to enable mechanisms for cross-jurtgmhal coordination, through higher government
mandates or voluntary cooperation.

Integrate flood and drought risk management orr4inasin level. Comprehensive operational integraab
managing natural resources, water, land use, infitare, and climate resilience and disasteraiska river-
basin level across local administrative boundastesuld be prioritized and be part of formalized ggmance
and planning coordination (S.P. Groff and S. R&192.

Revise education curricula, engineering handboai¢ standards. Academic institutions should include
NbS, bio-engineering and biomimicry in civil andveonmental engineering curricula. Professionals,
universities, thinktanks and concerned nationalistiies should build a broad knowledge base andvsho
evidence from best practice cases. Cost—benefiysinaof projects and programs should include NbS
options and quantified benefits to help overconeeptance and inertia challenges.

Engage public and private sectors, new partnershifhs communities, and land- and asset-ownersis It
important to also engage early on and with a brnoadetion of the population is important. Peoplealbf
ages and walks of life should be educated on 8ie of climate change to promote low-carbon liflesty
Thinktanks, academic institutions, and profess®rsflould promote study tours to best practice Ni§ a
sponge cities to make tangible the benefits of éhbBie-green systems. Engage with children in
kindergartens, schools and adults at universitiesather education facilities. It is essential tga&ge with
communities, households, individuals, and privaimganies as they are the occupants of land patcais
should be made green to provide local stormwateention functions, contributing to overall urban
resilience. This can happen through awarenessngaishd capacity building as well as market-based
instruments like incentives and disincentives andeas to finance for blue-green system investments.
Investments in green infrastructure can also beentaugh public—private partnerships.
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Mobilize sustainable finance, public finance ptties and leverage private funds. Urban climatengha
adaptation and the sponge city approach desereestmued high level of priority and adequate reseu
allocation. Doing nothing will be both costly aratdl, based on climate-related disasters in reans. It is

imperative to secure adequate funding and goverhat&ntion to ensure people and cities are residad

safe. This applies to retrofitting existing urbamas with risk-mapping and risk-informed plannirfighew

areas.

6 APPLICATION OF SPONGE CITY OUTSIDE THE PRC

The sponge city concept existed both in the PRCedselvhere before the term was coined for exangple a
low-impact design, water-sensitive design, integgtatainwater management, among others. It is being
applied with this same name in many places outsfdthe PRC i.e. in Asia, Europe, the Americas and
Oceania. The city of Copenhagen in Denmark has begioneer. Some cities in Germany like Berlin and
Hamburg have developed complrehensive implementgians and even established specific agencies and
continue to implement retrofitting and new-devel@min pilots (Berlin Regenwasseragentur, 2019
Hamburger Stadtentwasserung, 2015). The UniteceSt&invironmental Protection Agency published a
seminal technical guide for local governments andage stakeholders and home owners to inspirengree
infrastructure and NbS (United States EPA, 201%nWa in Austria, Zurich in Switzerland and manlyest
cities around the world adopt the concept (StadenyVi2023). The proof of the sponge city concept
stimulates other ciites around the world to applg principle, like for example Berlin and Hamburg i
Germany.

The principles and design elements are more ortlessame or similar adjusted for local conditiamsl
space availability, while the mechanism of plannipgblic communication and consultation are adapted
the local conditions and cultures. Retrofittingstixig urban areas is challenging everywhere invtbed,
also in the PRC. And for new urban areas it islehging with many stakeholders and land owners for
integrating sponge city planinng as part of ristkeimed planning. The PRC’s practice of establishing
sponge city offices directly reporting to the Mawtliows them to cooperate across agencies for plgrand
implementation of projects and building systemse Thses of Hamburg and Berlin where the local publi
water companies drive the sponge city initiativesl fiave also established separate agencies tor@repa
comprehensive city-wide drainage plans and prortitgeconcept demonstrates that it can be successfull
implemented outside of the PRC. The Berlin and Haghbgovernments’ authority to mandate local
rainwater interception, retention and/or infiltcatiand educating and promoting local incrementajiepts to
decouple territories from the gray drainage systemesimpresive cases for the concept’s relevance fo
building urban water and -heat related resilienaassfully. Of course these two cases are exaroplgs
and there are many others, at various stages miplgand implementation.

7 CONCLUSIONS

Rapidly increasing urbanization together with clienahange-related hazards from increased frequamdy
severity of extreme weather events require urgebar adaptation. Nature-based solutions (NbS) can
enhance climate resilience, effectively reducirgpdier risks including floods, droughts, urban &ands,
desertification, and landslides.

The Sponge City program in the People’s Republi€bina (PRC) supports water-related NbS and green
infrastructure, such as wetlands, water retentiarkg rain gardens, bioswales, pervious pavememnt, a
green roofs, to improve water management and reddzen runoff and flooding, urban cooling, better a
carbon sequestration and improved air quality wtiéévering many other ecosystem benefits for liltyb

and urban competitiveness. People enjoy green spaxkthe diversity of flowers and birds and aréingi

to pay for improvements. Cities enjoy higher tacoimes from increased land value.

NbS and sponge cities should be mainstreamed, dedpand combined and systemically integrated with
improved gray infrastructure like optimized draipagipe networks. To do this requires refotm and
transformation and overcoming significant policgstitutional and industry inertia. Strides are rezkdh
policies that prioritize adaptation; technical sogipfor analysis; risk-informed planning to rettofirban
areas; and the prioritization of functional greqgrace planning. It also requires education to oveeco
reservations towards, and inertia of of engineedand contracting industry to enable rapid acce@ar
uptake of sponge city and NbS.
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The concept is proven, however, when applied hodity as a territorial principle of decentralizati and
decoupling from technical drainage systems. Thenmhallenge is to apply this widely retrofittingban
areas with the realities of existing paving andicttires and the need to engage stakeholders angrown
Communities, private sector and individuals. Sqaublic financial resources need to be spent effelgy
and efficiently and private resource leveragingssential to build urban resilience. Prioritydde given to
those measures that are well designed and deliasy rbenefits, i.e. NbS for low-carbon and resilient
development for resource use effectiveness andagftiy. That is multiplying benefits from the int@ents.

The popularity of the concept reached well beyohd PRC. Through engaging stakeholders and
communities it can also be applied in differenastitutional contexts, also for the much needexbfitting

of urban areas, sites and buildings. And the cdnslkepuld be mainstreamed as key contribution t@mrb
climate resilience and biodiversity enhancemenloaal and even global public good. The beauty @f th
concept is the effectiveness and efficiency of N multiple co-benefits from the scarce resources
invested. And the increasing engagement of prisattor and real estate owners, i.e. in Berlin aachblrg,
and also in the PRC is most encouraging and urgeettded for effectiveness of resilience acrosarrb
regions.
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