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The world has witnessed a relentless series 
of dramatic and devastating severe weather 
events over the past year. Floods and 
the “7.20” extreme rainstorm in China’s 
Henan Province led to 302 deaths and 
the destruction of RMB 114.269 billion of 
economic value. Two consecutive days of 
heavy rain in Germany, Belgium, and the 
Netherlands led to catastrophic flooding 
and the deaths of more than 200 people. 
Meanwhile, North America suffered record-
breaking heat waves and fires, and storm 
surge threatened coastal cities around the 
world. As global temperatures rise, deadly 
and expensive events are happening with 
increasing frequency.  

According to the latest report of the 
Intergovernmental Panel on Climate Change 
(IPCC), the average global temperature is 
on course to rise 1.5°C above pre-industrial 
levels within a few decades. This is earlier 
than expected, and means we are set to face 
more dramatic climate fluctuations and 
more extreme weather events. To protect 
their people and assets against catastrophic 
and irreversible damage, it is urgent for all 
countries to accelerate investment in climate 
adaptation measures. A major recent report 
from the Global Commission on Adaptation 
estimated that investment in climate-
resilient infrastructure can generate a global 
benefit-cost ratio of close to 5:1.  

China is among those most affected by 
extreme weather events, and it also has 
great potential to play a leadership role 
in exploring solutions. There is a unique 
window of opportunity for China to 
accelerate the construction of climate-
resilient infrastructure as it begins to 
implement its 14th Five-Year Plan, which 
sets building “New Infrastructure” as one 

of the policy priorities. Integrating climate 
adaptation measures into the design and 
construction of this New Infrastructure 
will not only make China more resilient in 
the face of future climate impacts but also 
create jobs and provide economic advantages 
during the post-COVID-19 economic 
recovery. 

WRI’s new report showcases the tangible 
investment returns for China’s climate-
resilient infrastructure and investigates 
potential financing opportunities to fill 
the annual funding gap of nearly RMB 
500 billion over the next five years. It 
finds that every RMB 1 invested in climate 
resilience can bring RMB 2–20 of return 
over a period of 30 years, in terms of avoided 
damages, economic benefits, and social 
and environmental benefits (the “Triple 
Dividends”). The report examines three case 
studies: water-saving irrigation facilities in 
Ningxia, sponge city construction in Wuhan, 
and green-grey sea dikes construction in 
Shenzhen. 

WRI hopes that this report’s findings can 
inform China’s National Climate Change 
Adaptation Strategy 2035, accelerate climate 
adaptation action across government at all 
levels during the 14th Five-Year Plan, and 
equip policymakers and researchers with a 
concrete research base and methodological 
framework to advance climate adaptation 
rapidly and at scale.

Ani Dasgupta
President and CEO
World Resources Institute

FOREWORD
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HIGHLIGHTS
 ▪ In August 2021, the latest report of the Intergovernmental Panel on Climate Change (IPCC) suggests that the 1.5°C global 

warming threshold is likely to be breached in the next 20 years. If such warming continues, it will result in irreversible 
impacts on nature and ecosystems. While continuous efforts are essential to mitigate climate change, we must 
simultaneously accelerate the investment in climate adaptation to build resilience to climate change and reduce any 
associated damage.

 ▪ This report systematically defines and analyzes climate risks and the corresponding climate-resilient infrastructure 
(CRI) in China. Building on three case studies, it evaluates future agricultural drought risks, urban waterlogging, and 
coastal storm surges faced respectively, in three locations—Ningxia, Wuhan, and Shenzhen—and discusses in-depth the 
necessity of promoting CRI.

 ▪ Based on a Triple Dividend (i.e., avoid damage loss, economic benefit, and social and environmental benefit) framework, 
this report systematically analyzes the return on investment of three types of CRI—namely water-saving irrigation 
facilities, sponge city construction, and green-grey sea dike construction—in the three case study areas. Our estimate 
suggests that every RMB 1 invested can generate RMB 2—20 of returns over a period of 30 years.

 ▪ Scaling up CRI more broadly in China is extremely important. For instance, the adoption of water-saving irrigation facilities 
nationwide can ensure national food security; sponge city construction can protect inland cities against stormwater damage; 
and green-grey sea dike protection can strengthen coastal resilience and protect coastal populations against storm surges.

 ▪ China faces significant financial shortfalls for CRI. We must quickly fill the annual funding gap of nearly RMB 500 billion 
over the next five years, by leveraging private capital and developing new financing mechanisms.

 ▪ The three case studies suggest that innovative financial instruments—such as Resilience Bonds (RB), Public-Private 
Partnerships (PPPs), and Resilience Impact Bonds (RIB)—can create effective new finance streams to fund CRI. Specific 
financing strategies developed by local governments and financial institutions must be informed by cost-benefit analyses. 
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Background
In August 2021, the latest report of the 
Intergovernmental Panel on Climate Change (IPCC) 
suggests that accelerating global warming has led to 
irreversible changes to nature and ecosystems (IPCC 
2021). To effectively reduce the potential economic 
losses caused by increasing extreme weather events, 
all countries, especially developing ones, urgently 
need to accelerate investment in climate adaptation 
while enhancing their climate mitigation efforts. 
The Global Commission on Adaptation’s 2019 
global flagship report Adapt Now: A Global Call 
for Leadership on Climate Resilience (hereafter 
referred to as the GCA Flagship Report) states 
that if the international community does not take 
immediate action on climate adaptation, climate 
change and its impacts could depress global 
agricultural yields by up to 30 percent by 2050; the 
population lacking access to water will soar from 3.6 
billion today to 5.0 billion by 2050; rising sea-level 
and greater storm surges could displace hundreds 
of millions of people in coastal cities, which will 
cost the coastal urban areas more than US$1 trillion 
each year (GCA 2019).

China is among the countries that are most affected 
by climate change. It is estimated that under a 
“worst-case climate change scenario,” the frequency 
of heat waves in China could triple by the end of the 
21st century. Water availability could be affected 
in the arid and semi-arid regions of western China, 
and the area of drought-affected farmland could 
increase by more than 2.5 times (Xie et al. 2019). 
An increase of 1.5°C in global average temperature 
could lead to $112 billion of direct economic losses 
from heavy rainfall and flooding in China, four 
times higher than between 2006 and 2018 (Jiang 
et al. 2020). Warming temperature and sea-level 
rise will exacerbate typhoon storm surges in China’s 
coastal areas. Shanghai, for example, could be 
submerged entirely under an extreme high tide 
scenario, with total economic losses estimated at 
round RMB 203.565 billion ($ 31.318 billion) (Yin 
2011). Climate change has directly or indirectly 
caused damage to infrastructure, taking a heavy toll 
on human life and the economy. 

In the face of this grim situation, action on climate 
adaptation must be undertaken now. However, the 
international community has lagged in its efforts 
to address climate adaptation, with commitments 

to this subject only begun to grow in recent years. 
In response, the Climate Adaptation Summit in 
2021 provided clear guidance and recommended 
solutions to scaling up climate change adaptation 
at global scale. Whereas in China, although the 
Chinese government’s first intention to introduce 
the concept of climate change adaptation could be 
traced back to China’s Agenda 21 issued in 1994, 
adaptation policy implementation is still in its 
infancy. Therefore, China urgently needs to build 
robust legislative policy and regulatory systems 
for climate adaptation and develop clearer action 
plans and jurisdictional or sectoral coordination 
mechanisms to promote climate adaptation 
nationwide (Yang and Fu 2018). 

Climate adaptation actions involve a wide range of 
areas that are crucial to human well-being, including 
food production, natural environment, water 
resources, cities, and disaster risk management. 
It is imperative to enhance climate resilience in 
infrastructure to protect human life and avoid 
economic losses from climate risks. As one of the 
founders of the Global Commission on Adaptation 
and a world-leading infrastructure developer, China 
must increase its investment in climate-resilient 
infrastructure (hereafter referred to as CRI) as early 
as possible to adapt to climate change. 

The year 2021 marks the beginning of China’s 
14th Five-Year Plan and the implementation of 
China’s pledge to peak carbon emissions by 2030 
and achieve carbon neutrality by 2060, which 
represents a critical window of opportunity to 
manage the climate crisis and move toward a 
zero-carbon society. Meanwhile, 2021 also marks 
a crucial juncture for postpandemic economic 
recovery. China has included the goal of building 
“New Infrastructure” as an important task listed 
in the 14th Five-Year Plan. If the action on climate 
adaptation can be fully incorporated into  the 
investment, planning, and construction of the “New 
Infrastructure.” This will benefit China greatly 
by avoiding potential damages caused by climate 
change, while providing new economic development 
and employment opportunities, protecting the 
environment, and enhancing people’s well-being.

To improve infrastructure resilience to climate 
change, it is necessary to project future climate risks 
confronting infrastructure to identify priority areas 
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for building resilience. Meanwhile, some regions 
in China have invested or plan to invest in CRI. 
However, the questions remain to be answered as to 
how effective the investments will be and whether 
these CRIs are replicable nationwide. In addition, 
CRIs are large in scale and capital-intensive, 
requiring longer operation cycles. The financing of 
these projects becomes a challenge. 

To address these issues, our research focuses on 
analyzing significant climate risks facing China’s 
infrastructure while assessing costs and benefits 
associated with CRI investment and exploring 
potential financing instruments and mechanisms 
that could help leverage finance for CRI. The 
findings of this study are expected to inform 
China’s National Climate Change Adaptation 
Strategy 2035, and support the acceleration of 
climate adaptation action across governments 
at all levels during the 14th Five-Year Plan. This 
report, as the first of its kind in China, could help 
equip policymakers and researchers with a concrete 
research base and a standard methodological 
framework to advance climate adaptation actions.

Research Method and Results
Enhancing infrastructure resilience to climate 
change first requires a comprehensive understanding 
of climate risk and CRI. The IPCC report defines 
climate risk as a result of dynamic interactions 
between climate-related hazards with the exposure 
and vulnerability of the affected human or ecological 
system to the hazards (IPCC 2014). Therefore, an 

analysis of climate risks faced by infrastructures 
should build upon assessing the exposure and 
vulnerability of infrastructures to hazards. 

In the context of uncontrollable hazards 
from climate change, reducing exposure and 
vulnerability is a top priority for enhancing the 
resilience of infrastructure to climate change. CRI, 
as mentioned in this research, refers to adding 
resilience measures to infrastructure throughout 
the stages of planning, design, construction, 
and operation to adapt to the changing climate 
conditions (OECD 2018). The added resilience 
measures, focusing on reducing infrastructure’s 
exposure and vulnerability to climate-
related hazards, would improve the ability of 
infrastructure to adapt to climate change. In China, 
the fast economic growth, rapid urbanization, and 
dense population have increased the exposure and 
vulnerability of infrastructure to climate hazards. 

To project the future climate risks facing 
China’s infrastructure and explore the potential 
investment benefits and finance innovations 
for China’s CRI, it is necessary to first identify 
specific climate risks faced by different critical 
infrastructure systems and the effective 
protection measures to cope with these risks. 
Our research focuses on three case studies. The 
selection of the case study areas takes into account 
the climate risks with the most frequent and 
widespread impacts on infrastructure in China as 
well as the geographic representation and data 
availability of the study areas (see Figure 1). 

Figure 1  |  Selection Criteria for Typical CRI Cases

Forward-looking
Innovative financing 
solutions

Representativeness
Mainstream 
adaptation actions

Accessibility
Basic data + literature 
review + case studies

Data BaseNingxia 
Geographic Location: Western China Agriculture 
Climate Risk: Drought and scarce water resources 
Infrastructure: Water-saving irrigation facilities

Wuhan 
Geographic Location: Central China Yangtze River 
Climate Risk: Flooding and waterlogging 
Infrastructure: Sponge city

Shenzhen 
Geographic Location: Eastern China Coastline 
Climate Risk: Typhoons and storm surges 
Infrastructure: Green-grey sea dikes

Source:  WRI
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More specifically, we investigate the most relevant 
CRI in each of the case study areas, including water-
saving irrigation facilities to address agricultural 
drought in Ningxia, sponge city infrastructure to 
address waterlogging in Wuhan, and green-grey sea 
dikes to address storm surge in Shenzhen. The three 
case studies represent three typical climate risks 
in eastern, central, and western China; cover both 
rural and urban areas; and involve a wide range of 
economic sectors, including agriculture, commerce, 
and industry. It is expected that our analysis in 
terms of climate risks faced by these representative 
areas, the expected costs and benefits associated 
with CRI investment, and the investment and 
financing mechanisms could provide insights for 
scaling up CRI across the country. 

Modeling the Climate Risks Facing 
Infrastructure in China

Methodology

Depending on the specific circumstances of each 
case, different methods are used to project climate 
risks facing infrastructure in the three regions. In the 
case of Ningxia and Wuhan, the PRECIS (Providing 
Regional Climates for Impacts Studies) model is used 
to project the trends of droughts and floods under 
two greenhouse gas (GHG) emission concentration 
scenarios—namely RCP 4.5 and RCP 8.5 by 2050. 

PRECIS is a regional climate modeling (RCM) system 
developed by the Hadley Centre of the UK Met Office 
(Jones et al. 2004). It can be set up in any region in 
the world to obtain localized, high-resolution RCP 
scenarios. Our research focuses on analyzing the 
climate mean state of Ningxia and Wuhan using the 
bias-corrected RCM to simulate temperature and 
precipitation in Ningxia and precipitation in Wuhan.

Whereas in the case of the Shenzhen case study, we 
estimate the frequency and intensity of storm surge 
for the Dapeng Peninsula from 2021 to 2050, based 
on historical hazard data and literature review. 
The key climate change indicators quantified in the 
three case studiies are the basis for the cost-benefit 
analysis that will be conducted later in the research.

Results

Ningxia is a province in northwestern China with 
limited water access and has historically suffered 

from chronic drought. Local crop irrigation heavily 
relies on the Yellow River, and the related agricultural 
irrigation facilities in Ningxia are extremely vulnerable 
to changing climate conditions. This research analyzed 
agricultural drought risks by projecting the future 
changes of temperature and precipitation in Ningxia 
under different climate change scenarios, estimated 
the resulting evapotranspiration, and constructed a 
relative wetness index as a drought indicator. Our 
findings suggest that Ningxia will face mild to severe 
drought risks in different areas in the next 30 years, 
resulting in depressed crop yields by up to 30 percent. 
In response, Ningxia needs to enhance the resilience 
of its agricultural irrigation systems against the 
increasing drought risks.

Wuhan is a city in central China, located in the 
transition zone between the southeast coast and the 
inland. Situated on the Yangtze River, Wuhan also 
gets abundant rainfall, characterized by a long rainy 
season and frequent intensive rainstorms. During 
rainy seasons, the surrounding rivers can easily 
surge, making it difficult to discharge stormwater 
and increasing the risk of urban waterlogging. 
Against this background, this research simulated the 
changes of two precipitation indicators, namely the 
rainstorm days and rainstorm intensity. Our findings 
suggest that the threat of rainstorms facing Wuhan 
under the RCP4.5 scenario is mainly concentrated 
in the metropolitan area and its surroundings. 
Regarding the one under the RCP8.5 scenario, the 
threat of rainstorms facing Wuhan is aggravated as 
the rainstorm days and rainstorm intensity in most 
areas of Wuhan increase. Therefore, the city needs to 
improve the resilience of its urban drainage systems 
to cope with waterlogging.

Shenzhen is a city on China’s southern coast. 
Under the governance of Shenzhen municipality, 
the Dapeng Peninsula is one area that suffers 
significantly from frequent typhoon landings and 
storm surges. In recent years, the coastal city has 
witnessed rapid urbanization and an increasing 
number of urban infrastructure. Consequently, the 
coastal ecosystems have been severely damaged, and 
the exposure of local population and economic losses 
to marine climate disasters remain at a high level. 
Building off the existing research and statistics on 
marine disasters in the area, this research suggests 
that Dapeng will face accelerated sea-level rises; 
high tide —level rises; and more frequent, intensive, 
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and long-lasting storm surges under climate change 
impacts. This will consequently aggravate the 
damage to coastal infrastructure, disrupt economic 
activities, damage coastal ecosystems, and threaten 
people’s life. Therefore, building a more climate-
resilient coastline is both urgent and necessary.

Cost-Benefit Analysis of CRI Investments

Methodology

The 2019 GCA Flagship Report suggests that 
adaptation actions could generate triple dividends, 
namely avoided losses, economic benefits, and 
social and environmental benefits. The Triple 
Dividend serves as a useful framework for 
analyzing the benefits derived from building CRI 
(GCA 2019; Brandon et al. 2021). Building on 
the Triple Dividend framework, this research 
quantifies the benefits of CRI using different 
economic valuation methods based on the 
characteristics of the benefits and data availability.

When estimating the costs and benefits of CRI 
investments, this research classifies the measures 
that governments may take to mitigate climate 
risks under two scenarios (see Figure 2), namely a 
“Baseline scenario S1” and an “Adaptation scenario 
S2.” S1 assumes that local governments will 

undertake no action toward resilient construction. 
In other words, there is zero climate adaptation cost. 
Consequently, in the absence of protection from 
CRI, climate risks to the existing infrastructure will 
increase, and so will be direct economic losses in 
the affected areas as climate change continues to 
take its toll. S2 assumes that local governments will 
proactively invest in CRI to mitigate future climate 
risks. The losses incurred in S1 are avoided as climate 
risks are reduced for infrastructure equipped with 
enhanced climate-resilient measures. At the same 
time, additional resilience measures could bring 
further economic, social, and environmental benefits.

The costs and benefits of CRI investment are 
estimated simply by comparing S1 and S2. The costs 
of CRI investment are mainly the costs of investing 
in climate-resilient facilities in S2, including 
specifically the investment in fixed assets and the 
operation and maintenance costs of climate-resilient 
facilities over their life cycle. The benefits of CRI 
investment include the avoidance or reduction of 
economic losses suffered in the S1 scenario and 
the postinvestment benefits, including economic, 
social, and environmental benefits. Considering the 
uncertainty of climate risks in the long term and the 
typical life cycle of CRI. This report chooses a period 
of 30 years (2020—2050) and a 6 percent social 

Figure 2  |  Cost-Benefit Analysis Framework for CRI

Baseline scenario S1: No climate-resilient infrastructure 
investment of the local governments (zero adaptation costs)

Expected output

S2

S1

Scenario analysis & data analysis

Adaptation scenario S2: Increased adaptation investment 
(costs of adding climate adaptation features, requires 
adaptation investment-benefit analysis)

Infrastructure 
faces high climate 
vulnerability and 
induced climate risks

Infrastructure 
faces lower climate 
vulnerability and 
reduced climate risks

Costs of climate damages 
(e.g., The costs of reparing 
and reconstruction)

Three dividends generated 
from investment (incl. 
avoided losses, economic 
benefits, social and 
environmental benefits) 

Climate change 
risks exacerbate; 
the frequency of 
storms, floods, 
droughts, and 
other natural 
disasters increase

Climate 
vulnerability 
of existing 
infrastructure 
increases 

Time

Net present value (NPV)

Total net benefits
0

Source:  WRI



8 WRI.org.cn

discount rate, which is commonly used for projects of 
public interest (Ministry of Water Resources of China 
2013). Our research measures the net present value 
and benefit-cost ratios of water-saving irrigation 
facilities in Ningxia, sponge city infrastructure in 
Wuhan, and green-grey sea dikes in Shenzhen. 

Meanwhile, it uses a 10 percent social discount rate 
for sensitivity analysis. 

Results

 ▪ An Overview of Cost-Benefit Analysis by Case 
Studies

ITEMS ASSESSMENT METHODS DATA SOURCES ASSESSMENT 
RESULTS

Total costs Fixed asset investment+ additional annual 
operation and maintenance costs.

The 13th Five-Year Plan for Water-Saving 
Improvement in Medium-Sized Irrigation Districts 
in Ningxia, 2016; the 13th Five-Year Plan for High-
Efficiency Water-Saving Irrigation in Ningxia, 2016.

RMB 1.63 billion for 
the canal renovation 
project, RMB 12.70 
billion for the on-
farm water-saving 
irrigation project.

Benefits

Av
oi

de
d 

lo
ss

es Avoided 
losses of crop 

yield 

Market price method, avoided crop yield 
losses or crop failure due to the increased 
risk of drought.

Ningxia climate model projection data; Yang et al. 
2009; Wang et al. 2013; Chen et al. 2016; Li et al. 
2009; Ningxia Statistical Yearbook 2020; Ningxia 
Grain and Material Reserve Bureau 2020.

RMB 30—150 million 
per year for the 
canal renovation 
project. 

Ec
on

om
ic

 b
en

ef
its

Water-saving 
benefits

Shadow pricing method, water right trading 
scheme allows the additional water saved 
from the projects for industrial use, and 
it guarantees the generation of industrial 
value added to the output of a local 
industrial sector.

The 13th Five-Year Plan for Water-Saving Improvement 
in Medium-sized Irrigation Districts in Ningxia, 2016; 
The 13th Five-Year Plan for High-Efficiency Water-
Saving Irrigation in Ningxia, 2016; Ningxia Water 
Resources Bulletin 2020; Ningxia National Economic 
and Social Development Statistics Bulletin 2020.

RMB 3.68 billion per 
year for the canal 
renovation project. 

Increased 
crop output

Market price method, benefits of increased 
crop output from the expanded irrigation area 
after the canal renovation project is completed.

The 13th Five-Year Plan for Water-Saving 
Improvement in Medium-Sized Irrigation Districts 
in Ningxia, 2016.

RMB 52 million per 
year for the canal 
renovation project.

Land-saving 
benefits

Market price method, benefits from 
improved land use efficiency within the 
irrigation areas brought by on-farm water-
saving irrigation projects.

The 13th Five-Year Plan for High-Efficiency Water-
Saving Irrigation in Ningxia, 2016.

RMB 17 million per 
year for the on-farm 
water-saving 
irrigation project.

So
ci

al
 an

d 
en

vi
ro

nm
en

ta
l b

en
ef

its

Reduced soil 
erosion

Replacement cost method, benefits of 
reduced soil erosion due to the expanded 
area of vegetation after the canal renovation 
project is completed. 

Zhou et al. 2006; Liang et al. 2016; the 13th 
Five-Year Plan for Water-Saving Improvement in 
Medium-Sized Irrigation Districts in Ningxia, 2016; 
National Bureau of Statistics 2019.

RMB 75,000 per 
year for the canal 
renovation project.

Reduced soil 
nutrient loss

Replacement cost method, benefits of 
avoided cropland soil erosion and nutrient 
loss from the on-farm water-saving 
irrigation project.

Zhao et al. 2020; Liang et al. 2016; the 13th Five-Year 
Plan for High-Efficiency Water-Saving Irrigation 
in Ningxia 2016; Ministry of Agriculture and Rural 
Affairs 2019.

RMB 60 million per 
year for the on-farm 
water-saving 
irrigation project.

Boosted 
carbon 

sequestration 
and additional 

oxygen 
release

Biomass measurement method, social cost 
of carbon, and shadow pricing method 
(for oxygen release), benefits of carbon 
sequestration and oxygen release from an 
expanded vegetation area after the canal 
renovation project is completed.

Shao 2013; Liang et al. 2016; Ma and Li 2019; 
Results of the Ninth National Forest Inventory of 
Ningxia Forest Resources 2015; Basic Fact Sheet 
for Medium-Sized Irrigation Districts in Ningxia; 
US Government 2021.

RMB 2.90 million 
per year for the 
canal renovation 
project.

Reduced 
agricultural 

pollution

Replacement cost method, benefits of avoided 
nonpoint source pollution from excessive use 
of fertilizers and pesticides through water and 
fertilizer integrated management as part of the 
on-farm water-saving irrigation project.

Tang et al. 2016; National Bureau of Statistics 
2019.

RMB 300 million 
per year for the on-
farm water-saving 
irrigation project.

Case 1  |  Ningxia Water-Saving Irrigation Facilities in Response to Drought Risks1

Source:  WRI
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ITEMS ASSESSMENT METHODS DATA SOURCES ASSESSMENT 
RESULTS

Total costs Fixed asset investment + additional annual 
operation and maintenance costs.

Implementation Plan for the Sponge City Pilot in 
Wuhan; Liang 2018.

RMB 15.19 
billion.

Benefits

Av
oi

de
d 

lo
ss

es

Avoided 
direct social 

economic 
loss

Regression method, sponge city infrastructure 
facilitates rainwater infiltration and storage 
and effective control of stormwater runoff, 
and avoids direct social and economic losses 
caused by waterlogging. 

Wuhan Climate Model Projection Data; Self-
Assessment Report on the Performance of Wuhan 
Sponge City Pilot Projects; Wuhan Third National 
Agricultural Census-Main Data Bulletin.

RMB 10.01—
10.07 million 
per year.

Ec
on

om
ic

 b
en

ef
its

Reduced 
maintenance 

cost of 
pipelines

Market price method, sponge city infrastructure 
increases rainwater infiltration, collection, and 
storage; relieves the discharge pressure of the 
municipal pipeline network during rainy seasons; 
and thus reduces the operation and maintenance 
costs of the municipal pipeline network.

Wuhan climate model projection data; Self-
Assessment Report on the Performance of Wuhan 
Sponge City Pilot Projects; Sun 2020.

RMB 1.03 
million—
1.08 million
per year.

Reduced cost 
of municipal 

water 
pollution 
control

Replacement cost method, green 
infrastructure reduces stormwater runoff 
and water pollution, bringing purifying water 
bodies.

Regulations on the Collection and Use of 
Sewage Charges; Self-Assessment Report on the 
Performance of Wuhan Sponge Pilot Projects, 2018.

RMB 10.73 
million
per year.

Stormwater 
recycling 
benefits

Market price method, rainwater collection 
facilities recycle and reuse rainwater after 
purification and treatment, mainly for 
residents and industry, vegetation watering, 
road washing, and landscape maintenance. 

Self-Assessment Report on the Performance of the 
Wuhan Sponge City Pilot Projects.

RMB 3.78 
million per 
year.

Added real 
estate value

Hedonic pricing method, sponge city 
infrastructure helps improve the local 
environment and adds value to the properties.

Jiao et al. 2010; Sun 2020; Provisions on Urban 
Planning Quota Indicators (Trial); Notice on Further 
Strengthening the Management of Residential 
Land Construction Intensity in Wuhan; Wuhan 
Greening Status Bulletin; Wuhan property prices 
available on www.anjuke.com.

RMB 30.86 
billion per 
year.

So
ci

al
 a

nd
 e

nv
iro

nm
en

ta
l b

en
ef

its

Benefits of 
the increased 
groundwater 

recharge

Shadow pricing method, green infrastructure 
increases stormwater infiltration and 
effectively replenishes groundwater.

Sun 2020; Yan et al. 2019. RMB 
5.00—5.23
million per 
year.

Climate 
regulation 
benefits

Nonmarket valuation method, benefits from 
an increased area of grasslands, woodlands, 
and wetlands from sponge city projects that 
help regulate regional climate, such as the 
heat island effect.

Wuhan Sponge City Special Plan; Xie 2015. RMB 12.33
million.

Air pollution 
control 

benefits

Nonmarket valuation method, as part of the 
sponge city projects, grassland absorbs 
pollutants in the air.

Wuhan Sponge City Special Plan; Xie 2015. RMB 11.14 
million.

Enhanced 
aesthetic 

values

Nonmarket valuation method, the nontangible 
value of natural ecosystems such as 
grasslands, woodlands, and wetlands in 
sponge city projects.

Wuhan Sponge City Special Plan; Xie 2015. RMB 6.00 
million.

Case 2  |  Wuhan Sponge City Infrastructure in Response to Urban Waterlogging Risks

Source:  WRI
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ITEMS ASSESSMENT METHODS DATA SOURCES ASSESSMENT 
RESULTS

Total costs Fixed asset investment + additional 
annual operation and maintenance costs.

The Shenzhen government's budgeting document for the 
eastern sea dikes reconstruction project.

RMB 8.21 
billion.

Benefits

Av
oi

de
d 

lo
ss

es

Avoided 
infrastructure 

damages

Shadow pricing and replacement 
cost method, avoided infrastructure 
damage caused by typhoon/storm 
surges, including fixed asset losses 
from floods and costs of sea dike 
reconstruction.

Landsat8 satellite remote sensing data 30*30m on 
September 22, 2020, data ID:LC81210442020266LGN00; 
Geospatial Data Cloud GDEMV2 30M resolution digital 
elevation data; Shenzhen Coastal Zone Comprehensive 
Protection and Utilization Plan 2018—2035; Statistical 
Yearbooks for the Dapeng New Zone. 2013—2019; Brief 
Analysis on Dapeng New Zone’s Economic Operation 
between January and December 2020.

RMB 980 
million—2.72
billion per 
year.

Reduced 
economic 

activity 
interruptions

Market price method, avoided losses 
from disruptions to tourism-related 
economic activities.

Statistical Yearbooks for the Dapeng New Zone 2013—2019; 
Brief Analysis on Dapeng New Zone's Economic Operation 
between January and December 2020; Dapeng New 
Zone's Tourism Industry Performance Report Q3 2018; 
Tourists Survey in Dapeng 2017.

RMB 39.45
million per 
year.

Ec
on

om
ic

 
be

ne
fit

s Enhanced 
recreational 

values

Travel cost method, the value of 
recreational uses of the green-grey 
sea dikes, especially new green 
infrastructure, which could become a 
local landmark of tourism attraction.

Tourists Survey in Dapeng 2017; Dapeng New Zone 
Management Committee-Historic Data of Passengers 
Reception; other travel costs available on 12306 and other 
travel websites. 

RMB 140 
million per 
year.

So
ci

al
 a

nd
 e

nv
iro

nm
en

ta
l b

en
ef

its

Boosted 
carbon 

sequestration 
and 

additional 
oxygen 
release

The social cost of carbon and shadow 
pricing method, the value of additional 
carbon sequestration and oxygen 
release from restored and expanded 
mangroves.

Bayraktarov et al. 2016; Zhang et al. 2013; Peng et al. 2016; 
H. Liang et al. 2016; US Government 2021.

RMB 1.52 
million per 
year.

Improved air 
and water 

quality

Market price method benefits from air 
and water purification and treatment 
by green infrastructure such as 
mangroves. 

The decision of the Standing Committee of the Guangdong 
Provincial People’s Congress on the Applicable Tax 
Amount of Environmental Protection Tax for Air and Water 
Pollutants in Guangdong Province in 2017; Table of Tax 
Amount of Environmental Protection Tax; Table of Taxable 
Pollutants and Equivalent Values; Yu et al. 2009; Chen et 
al. 2007; Li et al. 2010.

RMB 160,000 
per year.

Enhanced 
biodiversity

Shannon Wiener's diversity index 
and nonmarket valuation method, 
biodiversity enhancement benefits 
from improved mangrove habitats.

Technical Guidelines on Accounting for Onshore Gross 
Ecosystem Product (GEP) 1.0; Li et al. 2016; Malik et al. 
2019.  

RMB 720,000 
per year.

Case 3  |  Shenzhen Green-Grey Sea Dikes in Response to Storm Surges

 ▪ The Cost-Benefit Analysis 
Based on a comprehensive analysis, our research 
suggests that all three cases demonstrate high 
benefit-cost ratios, ranging from 2.1 to 20.3. For 
specific categories of benefits for each project and 
the calculation results, please see Figure 3. The 

results suggest that the benefits of the Ningxia 
water-saving irrigation facilities and the Wuhan 
sponge city infrastructure are mainly derived 
from economic benefits, while the benefits of the 
Shenzhen green-grey sea dikes are primarily from 
avoided losses.

Source:  WRI
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Figure 3  |  The Results of Triple Dividends and Return on Investment Brought by Typical CRI

800 700200 400 600100 300 5000

Ningxia on-farm water-saving irrigation Shenzhen green-grey sea dikesNingxia canal renovation Wuhan sponge city

Total cost

Significance

16.3 69.5 127.0 152.0

Avoided loss of crop yield 9.3

Avoided loss of crop yield 7.1

Avoided direct social economic loss 1.5

Reduced economic activity interruptions 4.5

Avoided infrastructure damages 123.4

Avoided losses

329.8146.5 712.4
317.7

Total benefits

Economic 
benefits

Water-saving benefits 314.3
Water-saving 
benefits 666.2

Increased crop production 5.5

Enhanced aesthetic/recreational values 18.2

Land-saving benefits 1.7

Reduced maintenance cost of pipelines 0.2  ｜  Reduced cost of municipal water pollution control 1.6  ｜  Stormwater recycling benefits  0.6

Added real estate value 308.6

Social and 
environmental 

benefits

Benefits of increased groundwater recharge 0.9  ｜  Climate regulation benefits 1.8  ｜   
Air pollution control benefits 1.6  ｜  Enhanced aesthetic values 0.9

Reduced soil erosion 0.008  ｜  Boosted carbon sequestration and additional oxygen release 0.8

Boosted carbon sequestration and additional oxygen release 0.3  ｜  Improved air and water quality  0.03 ｜  Enhanced biodiversity   0.02

Reduced soil nutrient loss 6.1

Reduced agricultural pollution 31.4

Net present 
value (NPV)

313.6 585.4165.777.0

Protect 
coastline

Protect 
urban 
lifeline 

facilities

Reduce 
flooding loss

Create 
positive 
benefits

Ensure food 
security

Optimize 
water use

Restore eco-
environment

Benefit-cost 
ratio

Ningxia canal 
renovation

Ningxia on-farm water-
saving irrigation

Wuhan sponge city Shenzhen green-grey 
sea dikes20.3 : 1 5.6 : 1 2.1 : 1 2.1 : 1  

RMB 100 million

Note:  In view of the uncertainty of future climate risks, the median values of the calculation range are displayed as the representative results. The canal renovation project in Ningxia's water-saving irrigation program accounted for 23.4% of the total irrigated area of 
the province, and the on-farm water-saving irrigation project accounted for 19.1% of the total irrigated area. The Wuhan case focuses on Qingshan and Sixin pilot projects; the Shenzhen case focuses on the sea dikes in Dapeng District.

Source:  WRI
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The three CRI projects selected all generate 
positive returns on investment. If tailored to local 
conditions and replicated across the country, 
they can effectively reduce infrastructure damage 
caused by climate risks and protect people’s 
lives and property. Ningxia’s water-saving 
irrigation facilities can be built in areas affected 
by drought, which can safeguard food security 
and farmers’ livelihoods, optimize local water use 
efficiency, and help restore the regional ecological 
environment. Among many other economic, 
social, and environmental benefits, the Wuhan 
sponge city project, once promoted and built 
in other inland cities of China, will help protect 
essential infrastructure for people’s livelihood. 
Also, it will improve the livability of modern cities 
and contribute to the goal of building a beautiful 
China. Shenzhen’s green-grey sea dikes will not 
only strengthen the coastline’s ability to cope with 
storm surges and reduce coastal cities’ losses from 
tidal inundation but will also help protect coastal 
biodiversity and provide opportunities for a low-
carbon transition of the local economy.

Despite high benefit-cost ratios demonstrated 
by the three case studies, which are potentially 
attractive to private capital, the findings in 
the report have clear caveats. The differences 
in benefits generated in the three case studies 
are associated with specific characteristics of 
infrastructure, and the estimates of the benefits 
are relatively conservative. Currently, it remains a 

challenge for existing climate models to estimate 
the upper limit of the climate risks. As a result, 
most of the current construction standards 
for CRI cannot meet the needs for coping with 
extreme weather events. All these factors are 
making it increasingly challenging to enable 
investment in CRI. In addition to avoided losses, 
CRI can generate significant economic, social, 
and environmental benefits. If these benefits are 
transferred to the proper beneficiaries, they will 
undoubtedly help attract considerable private 
funding and incentivize financial innovations.

Analysis of Financing Instruments for CRI

Methodology 

Building CRI to address increasing climate risks 
requires sound financial support. However, the 
world and China fall short in funding. The average 
funding gap for global infrastructure is about 
$600 billion per year, and the annual funding gap 
for climate adaptation is more than $100 billion 
(Oxford Economic & Global Infrastructure Hub 
2021). As CRI carries the characteristics of both, it 
also faces all challenges of infrastructure investment 
and climate adaptation. In China, improving the 
climate resilience of infrastructure will result in an 
annual funding gap of nearly RMB 500 billion in 
the next five years (see Figure 4). A large amount of 
capital investment and effective financing methods 
are urgently required to alleviate the financial 
difficulties encountered in the construction of CRI. 

Figure 4  |  Adaptation Funding Supply and Demand in China by Sector

Annual investment during 12th Five-Year PlanAnnual funding demand for climate adaptation (2016—2030)

Infrastructure Agriculture Water resources Coastlines and 
adjacent waters
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Annual funding gap, RMB 480 billion

Source:  Chai et al. 2019.
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To address the financing challenges facing CRI, 
this research explores innovative financing 
mechanisms applicable to CRI through a literature 
review. Drawing on the financing experience from 
Saïss Water Conservation Project in Morocco, 
the Green Infrastructure Grant Program of New 
York City, and the Environmental Impact Bond 
in Louisiana, this research provides concrete 
recommendations to the three regions to develop 
and implement innovative financing mechanisms.

Results

The financing of CRI is still dominated by public 
finance, with a limited capacity to leverage private 
capital, and it is urgent to broaden financing 
channels. The current capital supply mainly comes 
from the public sector, lacking the participation of 
the private sector. There are also limited innovative 
financing instruments to meet the increased 
financing needs of CRI. Considering specific 
geographical conditions, the socioeconomic context, 
and climate risks, this report leverages international 
experiences to showcase how potential innovative 
financing mechanisms could help Ningxia, 
Wuhan, and Shenzhen to increase the funding for 
their CRI projects.

The Ningxia case study

The water-saving irrigation facilities in Ningxia 
generate high revenue overall and demonstrate 
good economic benefits from water saving and 
increased crop output under future drought risks. 
However, it remains unclear how these benefits 
can be translated into tangible investment returns 
for private investors. Our research recommends 
that Ningxia collaborate with development and 
commercial banks to issue Resilience Bonds to 
attract private capital, which can then be used to 
provide loans for qualified water-saving irrigation 
projects. In the meantime, a performance 
evaluation mechanism should be established to 
monitor the operation of the fund. Considering 
that water-saving irrigation facilities require 
a large amount of fixed investment and have a 
relatively long operation cycle, the Resilience 
Bonds alone are not sufficient to provide funding, 
it is recommended to build an investment fund 
combining the funds from the public sector and 
development finance institutions, attract private 
capital, and raise funds from multiple issuances of 

Resilience Bonds throughout the operation cycle of 
the project to close the funding gap for operation 
and maintenance costs.

The Wuhan case study

The Wuhan sponge city project brings significant 
economic benefits, avoids losses caused by 
waterlogging, and generates good social and 
environmental benefits. The costs of Wuhan 
sponge city infrastructure are concentrated in the 
up-front fixed asset investment, while the benefits 
mainly come from added real estate value and 
stormwater recycling. Our research recommends 
that Wuhan develop an incentive mechanism 
to encourage rainwater collection or create a 
trust fund that could blend finance from both 
public and private capital. At the same time, real 
estate developers are encouraged to incorporate 
the notion the sponge city into the design and 
construction of their properties. In addition, the 
local government of Wuhan can provide subsidies 
to motivate developers and property owners to 
build green infrastructure and ensure its long-
term operation.

The Shenzhen case study

The primary benefit of the green-grey sea 
dikes in Dapeng, Shenzhen, comes from the 
avoided losses. The project is mainly for the 
public interest, making it difficult to attract 
private capital. At present, it is entirely funded 
by the Shenzhen Municipal Government and 
the Shenzhen Water Affairs Bureau, with little 
participation from the private sector. Based on 
the objectives of enhancing coastal restoration, 
wetland protection, flood control, and freshwater 
resource protection, Shenzhen could issue 
Resilient Impact Bonds to leverage private capital 
and attract investment from businesses and 
individuals who suffer losses in coastal areas, 
converting the benefits of avoided losses into 
project funds. In addition, Shenzhen could use 
carbon trading mechanisms to turn ecological 
benefits, such as carbon credit generated from 
mangrove restoration, into monetary benefits. 

Based on the cost-benefit analysis of CRI, 
this report further examines and analyzes the 
implementation pathways for governments to 
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promote CRI financing and the decision-making 
mechanism for finance institutions. As public 
finance remains the primary funding source for 
CRI, it creates financial barriers to scale up CRI 
and meets its full potential. Based on the Triple 
Dividend framework, it is necessary to identify 
key beneficiaries of the dividends and optimize 
the mechanism of converting the benefits into 
tangible returns for private investors. Regulators 
and financial institutions should explore and 
tap into the needs of CRI from all parties, build 
scientific decision-making and implementation 
mechanisms, and effectively support the transfer 
of project benefits.

CHALLENGES FACED BY CRI POLICY RECOMMENDATIONS

Improve our 
understanding 
of climate risks

There is a systematic misunderstanding of the 
differences in climate hazards faced by different 
types of infrastructures across regions, and a 
lack of complete databases and methodological 
frameworks for assessing the relevant climate risks.

• Identify specific climate risks faced by different critical 
infrastructure systems and integrate climate adaptation into the 
concept design and implementation of urban and rural planning;

• Develop technical standards for CRI;
• Strengthen the monitoring and early-warning systems of 

climate risks and improve the mechanisms to accelerate climate 
adaptation;

• Educate the public about climate risks and improve their ability 
to cope with them.

Quantify and 
realize the 

economic value 
of CRI

Comprehensive misunderstanding of the economic 
value and additionality associated with CRI, and 
a lack of a theoretical foundation for conducting 
economic valuations and a system for value 
conversion to inform decisions.

• Develop standard economic valuation  frameworks, accounting 
standards, and audit procedures for CRI projects;

• Establish a value conversion system to help fund-raising 
initiatives for CRI projects.

Accelerate 
financing for CRI 

CRI financing is constrained by limited public 
finance. It is hard to attract private capital, as 
most of the benefits provided by CRI are enjoyed 
by multiple stakeholders, which is difficult to 
translate into tangible investment returns for 
private investers. There is insufficient innovation 
in financial instruments to leverage private capital. 
The current fiscal system provides more financial 
and credit constraints.

• Accelerate the establishment of climate-related investment 
project libraries at both national and local levels, and explore 
high-quality CRI projects;

• Support the research and development of new financing 
mechanisms to support CRI, and strengthen the disclosure, 
monitoring, and control of climate risks in various industries;

• Encourage local governments to increase fiscal incentives and 
explore new financing mechanisms that can better leverage 
private capital.

Table 1  |  Challenges Faced by CRI and Policy Recommendations

Challenges and Policy 
Recommendations for CRI
Based on the above analyses, this report discusses 
the main challenges facing CRI and the Chinese 
government’s concrete actions to address them 
(See Table 1). Additionally, China urgently needs to 
develop a dedicated interministerial coordination 
mechanism to accelerate the uptake of investment 
in climate adaptation measures at all levels. This 
mechanism could support the development of a 
comprehensive policy system, an evaluation system, 
and a supervision execution mechanism to advance 
climate adaptation actions and coordinate between 
different government levels and departments. 
Finally, this mechanism could also play a role in 
facilitating international collaboration, engaging with 
financial institutions to moblize finance for climate 
adaptation projects, and building capacity on CRI. 

Source:  WRI
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