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ENGLISH HIGHLIGHTS

HIGHLIGHTS

B In August 2021, the latest report of the Intergovernmental Panel on Climate Change (IPCC) suggests that the 15°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.

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

B Basedonatriple-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 grey-green sea dike construction - in the three case study areas. Our estimate
suggests that every RMB Tinvested can generate RMB 2-20 of returns over a period of 30 years.

W 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
storm water damage; green-grey sea dike protection can strengthen coastal resilience and protect coastal populations
against storm surges.

B Chinafaces 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.

B The three case studies suggest that innovative financial instruments - such as Resilience Bonds (RB), Public
Private Partnerships (PPP) 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.

INESED I ERRIEEIR XIlI



Background

With the worrying increase in the global
average temperature, current climate
mitigation efforts are deemed insufficient
to cope with the increasing climate risks.
To minimize the potential economic losses
from extreme weather events, the world
urgently needs to accelerate investment in
climate adaptation strategies, especially in
developing countries. If immediate action on
climate adaptation is not undertaken, constraints
will be placed on global agricultural production,
populations without access to drinking water will
rise, and force millions living in coastal cities to
migrate. Together, they will lead to approximately
US#$1 trillion in economic losses every year. China
is among the countries that are most affected by
climate change. With the increased frequency of
extreme weather events, it is expected that climate
risks — mainly droughts, floods and storm surges —
will continue to intensify in the future, threatening

food security, as well as people’s lives and property.

In the face of this grim situation, China
needs to further strengthen its policies

and actions to adapt to climate change.
However, global action on adaptation is
lagging. Despite the long-standing notion,

the development of policy and a monitoring
system for climate adaptation in China is still
in its infancy. Since climate adaptation covers
a wide range of areas, we need sector specific
and localized action plans to advance national
climate adaptation efforts.

The window of opportunity for accelerating
CRI development in China is now. The

year 2021 marks the beginning of China’s 14th
Five-Year Plan. It also marks the start of efforts
to meet President Xi’s “dual carbon” goals of
peaking emissions by 2030 and becoming carbon
neutral before 2060. As the country starts to
implement its post-COVID-19 economic recovery
plan, the government could consider directing
more financial resources to areas which can build
resilience to climate change. The 14th Five-Year
Plan and the Long-Term Goals for 2035 have set
a new infrastructure construction as a priority.
China must seize this opportunity. If climate-
adaptation measures can be integrated into the
design and construction of new infrastructure,




China will not only become resilient in the face

of future climate change, but also gain new
economic advantages and create new employment
opportunities that can benefit its people.

About This Report

This report focuses on the three types of climate
risk — namely agricultural drought risk, urban
waterlogging and coastal storm surges — that
China is most likely to face in the future. We
assess the expected costs and benefits associated
with CRI investment and explore potential
financing instruments and mechanisms that
could help leverage finance for CRI projects.
The findings of this study are expected to inform
China’s National Climate Change Adaptation
Strategy 2035, accelerate climate adaptation
action across governments 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 actions.

This report is conducted by the World Resources
Institute (WRI), in collaboration with the

National Center for Climate Change Strategy

and International Cooperation (NCSC) and the
International Institute of Green Finance (IIGF)
from the Central University of Finance and
Economics. In particular, NCSC leads the analysis
of future climate risks, WRI pilots the cost-benefit
analysis, and IIGF is responsible for the analysis of
potential financial mechanisms for CRI projects.

Key Findings

China’s Infrastructure faces increasing
risks from climate change

Infrastructure that supports all sorts of
social activities and economic growth faces
increasing climate risks in the future.
Meanwhile, social demographic changes also
expose infrastructure to natural hazards,
making it more vulnerable. Hazardous

events — such as continuous droughts, floods

and waterlogging, storm surges and typhoons,
hurricanes, strong snowfall, freezing, blizzards,
and high temperatures — will accelerate under
climate change and directly affect the operations
of infrastructure systems, such as energy,
transportation, communications, water supply and
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drainage. As a result of China’s rapid economic
growth, urbanization rates and population densities
continue to rise, meaning that infrastructure
becomes ever more exposed and vulnerable to
climate change. Therefore, it is important to clearly
identify specific climate risks faced by different key
infrastructure systems in order to develop plans that
can effectively protect these systems against climate
change and enhance climate resilience accordingly.

This report focuses on three case

study areas, namely Ningxia, Wuhan

and Shenzhen, and analyzes the most
frequent and widespread events — such as
droughts, waterlogging and storm surges
— that could affect Chinese infrastructure
in the future.

B Ningxia is a province in northwestern China.
With limited access to water, its inhabitants
suffer from chronic drought. Local crop ir-
rigation relies heavily on the Yellow River,
which has suffered serious runoff reduction
under climae change impacts. As a result, the
related irrigation systems are extremely vul-
nerable to climate change. Our research sug-
gests that in the next 30 years most areas in
Ningxia will face increased risks from drought
that could seriously impact crop yields. In
order to alleviate the problem, Ningxia needs
to strengthen the drought resistance of its
agricultural irrigation systems and improve
water-saving irrigation measures.

B Wubhan is a city in central China, located in the
transition zone between the southeast coast and
the inland. Situated on the Yangtze River, Wu-
han also gets abundant amounts of rainfall, char-
acterized by a long rainy season, heavy rainfall,
and frequent intensive rainstorms. During rainy
seasons, the surrounding rivers can easily surge,
which makes it difficult to discharge storm water
and increases the risk of urban waterlogging. By
simulating the changes during significant rain-
storm days and the intensity of rainstorms, our
findings indicate that the Wuhan metropolitan
areas and its surrounds will suffer greatly from
continued rainstorms. As climate change intensi-
fies, the frequency and intensity of these rain-
storms will also increase significantly, leading to
increased threats from flooding. City authorities

WRl.org.cn

need to improve the climate resilience of urban
drainage systems and enhance prevention mea-
sures for waterlogging.

B Shenzhen is a city on China’s southern
coast. Under the governance of Shenzhen
municipality, the Dapeng Peninsula is one
area which suffers greatly from frequent
typhoon landings and storm surges. Build-
ing off the existing research and statistics on
marine disasters in the area, this research
suggests that, from the impact of climate
change, the region will face accelerated
sea-level rises, high tide-level rises, and
more frequent, intensive and long-lasting
storm surges. This will consequently aggra-
vate the damage to coastal infrastructure,
disrupt economic activity, damage coastal
ecosystems, and threaten people’s safety.
Therefore, building a more climate-resilient
coastline is both urgent and necessary.

Investment in CRI can lead to triple
dividends, including avoided losses from
damage, economic benefits, and social and
environmental benefits. This report develops
two scenarios to better understand and quantify the
additionality of CRI (that is, the additional benefits
brought by more resilient construction). More
specifically, the scenarios distinguish between a
“Baseline Scenario”, which assumes that no action
will be undertaken by local governments towards
resilient construction; and a “Resilient Construction
Scenario”, which assumes that local governments
will proactively invest in climate resilient
infrastructure to mitigate future climate risks. By
comparing the costs and benefits associated with
the two scenarios, we can assess the additional
benefits generated by CRI investment.

Following the triple dividend analytical
framework, we apply different economic
evaluation methods to assess the specific
benefits of CRI in each of the three case
study areas, namely the water-saving
irrigation facilities in Ningxia, the sponge
city infrastructure in Wuhan, and the
grey-green sea dikes in Shenzhen. We



then estimate the net present value and discount rate for the cost-benefit analysis. Figure

cost-benefit ratio of each case, taking into ES-1 shows detailed benefits for each case study
account construction costs. Considering the and the results of the cost-benefit analysis. In
uncertainty of climate risks in the long term and conclusion, the total benefits of the three cases
the typical life cycle of CRI, this report chooses a are greater than the total costs, and the return on
period of 30 years (2020-2050) and a six-percent investment is relatively high.

Figure ES-1 | The results of triple dividends and return on investment brought by typical CRI

Ningxia Canal renovation M Ningxia On-farm water-saving irrigation ~ H Wuhan Sponge city M Shenzhen Green-grey sea dikes
16.3 695 1270 1520
Total cost

3177
146.5 3298 7124

Total benefits

Reduced economic activity interruptions 4.5

Avoided loss of crop yield 71

Avoided loss of crop yield 9.3

Avoided loss

Avoided direct social economic loss 1.5 | Avoided infrastructure damages 123.4

Land-saving benefits 1.7

Increased crop production 5.5 Water-saving

Enhanced aesthetic/recreational values 18.2 Water-saving benefits 314.3 benefits 666.2
Economic
benefits
Added real estate value 308.6
Reduced maintenance cost of pipelines 0.2 | Reduced cost of municipal water pollution control 1.6 |  Stormwater recycling benefits 0.6
Boosted carbon sequestration and additional oxygen release 0.3 | Improved air and water quality 0.03 | Enhanced biodiversity 0.02
. Reduce soil erosion 0.008 Boosted carbon sequestration and additional oxygen release 0.8
Social and

environmental
benefits ) )
Reduce agricultural pollution 31.4

Reduce soil nutrient loss 6.1

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

Net Present 770 165.7 313.6 5854
Value (NPV)

0 100 200 300 400 500 600 700 800

RMB 100 million
Wuhan Sponge city Shenzhen Green-grey
sea dikes

Protect
urban

Cost-benefit Ningxia On-farm water-

ratio || 7415 savingirrigation ] 5.6

Create

Protect Reduce

Significance lifeline posmye coastline flooding loss
e benefits
facilities

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 234% of the total irrigated area
of the province, and the on-farm water-saving irrigation project accounted for 191% 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.
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It is strategically important to scale up the
CRIs in Ningxia, Wuhan, and Shenzhen

to the whole country. In particular, Ningxia’s
resilient water-saving irrigation facilities can be
replicated in other regions that also suffer from
risks associated with drought. These will not
only protect farmers’ incomes and ensure food
security against climate change, but also improve
water utilization efficiency. The water saved

can be used to restore degraded ecosystems.
Similarly, Wuhan’s sponge city project could help
other inland cities threatened by waterlogging.
In particular, it can help protect urban
infrastructure, improve the livability of cities
and contribute to the national goal of building

a beautiful China, whilst also generating other
economic, social and environmental benefits.
Finally, the grey-green sea dikes in Shenzhen
sets an example for other coastal cities, that
strengthened coastal resilience will not only
allow a city to better cope with storm surges and
reduce losses from tidal damage, but also protect
biodiversity and provide new opportunities for
the low-carbon transition of the local economy.

Currently, the world and China face
shortfalls in CRI funding. The funding
gap for global infrastructure investment in

the future is about US$600 billion per year,
whereas the funding gap for climate adaptation
is about US$100 billion each year. CRI also
faces challenges in infrastructure investment
and climate adaptation. In China, improving the
climate resilience of infrastructure will result

in an annual funding gap of nearly RMB500
billion in the next five years (see Figure ES-2). A
large amount of capital investment and effective
financing methods are urgently required to
alleviate the financial difficulties encountered in
the construction of CRI.

The financing of CRI is still dominated

by public finance, with a limited capacity
to leverage private capital. There is

an urgent need to broaden financing
channels. The current capital supply comes
primarily from the public sector, lacking the
participation of the private sector. There are also
limited innovative financial instruments to meet
the increased financing needs of CRI. Taking
into account specific geographical conditions,
the social economic context, and climate risks,
this report leverages international experiences
to showcase how potential innovative financing
mechanisms could help Ningxia, Wuhan and
Shenzhen to increase funding for their climate
projects. For instance,

B Ningxia could collaborate with develop-
ment banks and commercial banks to issue

Figure ES-2 | China's climate change adaptation funds supply and demand in various fields

B Annual funding demand for climate adaptation (2016-2030)
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Resilient Bonds to attract private capital,
which could then be used to provide loans
for qualified water-saving irrigation projects.
In the meantime, a performance evaluation
mechanism should be established to monitor
fund operations.

B Wuhan could develop an incentive mecha-
nism to encourage rainwater collection or
create a trust fund that could blend finance
from both public and private capital.

B Dapeng district of Shenzhen could issue
Resilient Impact Bonds to leverage private
capital. In addition, carbon trading mecha-
nisms could turn ecological benefits, such
as carbon credit generated from mangrove
restoration, into monetary benefits.

Policy recommendations

This report discusses the main challenges

facing CRI investment as well as the concrete
actions the Chinese government can take to
address them (See Table ES-1). Additionally,
China urgently needs to develop a dedicated
inter-ministerial coordination mechanism to
accelerate the uptake of, and 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 and 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 and building capacity on CRI.

Table ES-1 | Challenges faced by CRI and policy recommendations

- 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

Quantify and Comprehensive misunderstanding of the economic
realize the value and additionality associated with CRI, and
economic value  alack of a theoretical foundation for conducting
of CRI economic valuations and a system for value
conversion to inform decisions
Accelerate CRIfinancing is constrained by limited public

financing for CRI  finance. Itis hard to attract private capital, as
most of the benefits provided by CRI are enjoyed
by multiple stakeholders, which is difficult to be
translated 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

- 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

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

- Establish a value conversion system to help fundraising
initiatives for CRI projects

- 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
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K —w B INs.s A{2E T (id22.8A12x), ¥
BENAESTRIESEI.9AILET (TE25.471
Jt) (Oxford Economic & Global Infrastructure
Hub, 2017),

FZEREMRERENDMERE, BRI,
BREHGLET. ENERAT. HE. ME. HAMEKE
tEESHINBINBMERSBENEFERS
(The Global Commission on the Economy and
Climate) W&, £3k7#2016—2030FENHFEN93
{ZE 7Tt (1 5604.57127T) &K BEEBSED
MPEMRIE, FHEERERN62T{LET (e
40.377125t) (Amar Bhattacharya et al., 2015)
Bid4orEm. MRERENMEAER I TS
ZREAASHE (CCFLA) BXMRERIM, ML B
SEREMEBERBIT70%89FH K, EEM (BAU)
BRTHNAESFTREF 41T ~4.3712% T (#
£26.7712~28.0H127T) ; ATRIEH T ERIEER
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SEHME, EFE% ~27%EINEE, o480 ~117
12ETt (Fr&2.6 812 ~7.2{27t) (CCFLA, 2015) o

B A, 5 & XS & SR T SET R IR G
HNEFAEDAZEZETFREST R NEERERIZER
#WkRE, GIHITE2040%F, £REMB R AR OKIL
ElisA{zET (idoy.5H12T) , WNEFFHHRAANA
600012% 7t (fi&39000H12T) . H, £E. FE. B
i REMEEESHROMNEERR, TITEE2040FER]
NRNLRN3.8F1ZE T (id24.7A127T) « 1.9A12ETT (I
E12.4F12k) M2 F{ZET (E7.87127T) (E24)
(Infrastructure Outlook, 2021) , FE KA LHROT,
EMEEEEAAXNNETEELANENASISELZE SR
A, TEREEZENSREIMBEEMBENTRBE
FHIREBENSER N, HRSREORBRSEME
EEMAIE,

SEMUEMEBARSROEKR, NMUSTARRIE
MEERSHRO, ERREENBEURSNEZ .S
FEERBIALR (CPI) R ER, 2017—2018FF, £FKIE
NARBETHESEKEFH300125% 7T (FrE1950127T) ,
RETHKIERSH5%, BRSHIUERSTMREBESER
T e (Climate Policy Initiative, 2020) , 1H3%FUNEP
FritE 89140012 ~30001Z% 7T (#E910012 ~195001Z7T)
RETFFHENBETUR ST KR, EREABETUESH
HADRTHER. BEREFARZ BT AIRFT (MDBs) &
L2025 F AP RBNEREB50012%E T (#3250
z7t), HBEFREENSBEECNE SRS E180{2ET
(rEu712m), BERSESHNAEEE IR RS M
A F6AERERD (World Bank, 2021) .

BUAEXE, 2REMEBRARREEFLIRSHR
AZ460001Z%7T (#Fra390001Z7T ) , BRUEEWL
CRBEFERSHFOAE100012% T (HTH6500127T ) I
Fo. EABMBNEZRE S, SEPHEEMEEANENE
MIEEEENASER, BIERETNEERESINTE
MR, 2REXNTHARSEDHEEMZERE
TEE KRR

412 Emwﬂﬁmgﬁm LhEIR RHIFRARE
A

*Iﬁ?%@ﬂﬁ%kﬁ%ﬁ@%ﬁﬁﬁ%ﬁ@ 7
2015 FABFEEEEXERE FHXHE, BRI
LimiEe Tﬁ?L&ﬁ@ﬂE%%uﬁm%&o%ﬁ -3
ZHFTEPTRENHEINE NN FLERE, B0 F
REMENE., BNV ETREENTHESBERSH K
¢Mﬁ&%@§%$ﬁLﬁTMﬁ,#EMRﬁTN%@
MHEERS T ROKRBHER,

2019%F, EIRK N ERZ LI RME RS EF
DEABERFAREEFARPONETRFEETRT F
EXi2030F NN ERLER A TN T S FHF K
Ro ZARN TERUEZLAETRONERRE T
E7E, T EagiE. Rk, KER. BETME
KBEH . ZMMEMBESER. AERRIAKRERDR
5, RESTLEERFRALIE, 2HEETRAMM
R EE BEBURE SRR 2TLRELLE,
FRBEBIRME NN RSB RIEKERNVESF LR
HBZ2030FFHNERBGELAETFR. HRERE
T, BEMEBERANENERELES LN A5%, X

A 24 | 2016—2040F 2Bk R FEEREMIRHERIZE SO

— RERO
53123=7T

ASBER
WFHZETT

Yalti=Soiv

BEfs
195512%7T
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B 25 | FEIENSEZHXESNAZTESHTRR

W 2016—20305F(8), FINEMEETER “+=
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07 - FFsH{ZTTASERD
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Hitighte Rl KRR

BRI Sk, AR, 2009

N2016—2030FE RXEHF KLY H14.2127t, TEXRBEX
Bizf. FE. KF. SR, £, BAOETEINERE
B, TERENE. RENRERANBTEGTELESRS
T (B8, 2019) o

NEBRSBEEHRSRAON, ZIREXBTHEHEN
TEFMOZRNHERSRNRAH#ATTEH. HES
H, “+=F “#E8, BEMREIEIIEENIEZTLR
E-ANA2.357127T, FHEF0.48T 12, 5LRNE
92016—2030F F190.95 T TR EFRMELL, F
ENuRaEREMRESGHNMHRRTASEEKO0.487
feemAER0 (ME25) o NMZARGERFTTUEE
&, ARSHTEEMRENSRENESN, FTETRM
FELBBINFDFTEZANSKNFNIRERAN, X—FRE
RERKEFATRESE5000 THHEESHRO, R
BEXENASRANMGHRA T REB SR A
R BB MR SR,

4.2 RESIFHEERIZHE
AR ALE

[EHMMEMREHMAES K EERNYBE —ER
o SEMMEMEREAZMR, BEEZMNIEISBN
M, T EREFBE NN E RS NEFORAEM,
“EFESRAGHEMERERAETRFRMENYZE
AAESAENEHE. S5, SRIUERTNERSHS
TEARAKIIIRME, REBVISE5RE, LT
REFHAAE. ATHREAHASTEBEURLTUR
WIINEIME S THREERNIEDMEERATK,
At FBERFUIFENRANG, KERFIUHSHS
WslH=r 255,

BEEIEREY FWIEMESRSE  AKEER

By ARE—TTETEAY. RBFFRREBRM
BBEFORMIME, A—TEOFERREENRAL
BES5uANG, AEHSRES 5RE, YRR EETT
RxE BT RUEH M EM R R IR AN N R SIS
B, B ETRACERERER, PEHHBREXS
EHMMEZRPRARENEDEREERELE X,

4.21 EIRIMIBRIRSRE

AHBSREEIUEMEEREINTREER R, 4
uﬁﬁiﬁwﬁﬂﬁgﬂ&ﬁﬂ SR EESITR D
@E%uﬁ@uﬁ@%ﬁ%ﬁfﬂﬁﬁﬂﬁﬁ%ﬁTu
e BB, WE26fR, 2017F X EHEREMEBEE
BEEH5%REEF SN, 28%KEBUFERIIS AL
&, N17%kBFRAEERR]; WE27R, 2017—20184F
SERBELALEBITHNERSET RS LLEEIX79%, X
21%KBRERI]. EDHEEMREBE RIS EAE
REENBR, BIARERMARE

A 26 | 20nFRRPEREMIREEIREIERIRSEL

ESBII —
7%

BRI

BRARAT, 2020
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A 27 | 207—208FEM SURZHZERIRAEL

FAEERT —
2%

— NHER]

<A

79%

HHE KRR CPl, 2020

MERIABRE, B EAERRERRBENE ™
KA, FRAERBAANBETRE. ERDMEEMEE
LA ENRF AR, FEBINX S~ £ KIRE
WEHNF~RE, ERMNENRETRSRAREE,
EINAEERARSELEN. RAAELTH, MEX
PeALEERE ), FHIFRENBIKAEF IR, BRERA
Bk, BRBRESHN, SRAEFFTRINBFSER
e, AtER ESEDMEMEERARETEEBNA
B, FRUERIBREA. FESEHRESRAFTNHK
REXH, UERREASKASAKLEE (PPP) MEE
BRERPUESARNNG . BRSEMMEEMRER AR
ERRBEPPPSIAM S ARSI, MEBRKEBUFER. K
BROTSZDARROTRANEELRBFAHAR, &
ERBWT:

1. Bz, BRVEZHESGEIMTEEZN &
BEEASREFEZ—. HTRBRHUMEMRENAFLEN

MXEMEHTE, SERIEIES. RxTEITY. &
REEME€EAR, AHEXMBRHEEERR. MBEH
B, MERK. BMEREEEXHY. BERNBFMBE X
HORERTBEEER M. AT TMEMREER. I
EGERME B M MBS I EMEBEERE TN AS, 8
WEBEIMARNAEMEEESREIR,; SR
FtBEEATERHRAMBERMTRS. fla, R
TARVNEZRSEMBRES T HEERDRIITERM
BERAES, BEM#EIR2000127T, BERIIEE
AREHEMBEEERETHUEE, BHIESHSER
SERMEEREL. ERIEYE, B BEETER
EEETHEMEEERESERITY, MEEKSHE
2#EHBE (FEMA) &8 “BEPHEMEHEMMX
(BRIC) ” It EEKHKRE (EPA) SMBUFEH
“HRKMERES (CWSRF) WB”, S 3BTRS
ERFARIFEBENUER,; MBEZRSHMT “RE
MIMMHEESL (RRF) 7, BEKBRERRARNREIF;
EENAEEREE, AEERBMBESHMAERT “EE
WEFFMMITR (GRRP) 7, DB, MEBEEHR
RS HEER, MRSEDMH,

2. FRESHMINMEESZE. FTAESeES
KEWNSBEECTETFMEEEENAR, hEENSE
THESHNEERER, TEBTRERKATMERE.
HTALZMHSRIBANALREEY, HEPFEFER
NFHEBIT, 2019F HEEEF92%, 20195, FEMFLER
7 (AfDB) . WM F %R (ADB) . BRINEXFF X
$R1T (EBRD) . BUMIEHERFT (EIB) . EMNAXRT
(IDBG) . tFEF=F % R17 (IsDB) Mt R B THEHA
(WBG ) F2H7RZIBALRRITRENEN EZUE
S RMA149412% T (FrhHo711{2%ET ) , BEFEAT
NN E28Fr7w:

A 28 | 200 FIRBAFRRITENSIRBNEEERSG

Hfth, 22%

RAMSEEE, 13%

BAURE, 3% —— ‘ \
BIR, 59% ———— HF£ERMBE, 05%

=R, % ——,

DUERTERLER, 12.0% —‘

H¥ERIR: DB, 2020
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HE28T I, FAMERMINMERSHRSUERT
REM, AP =02 —HNASBERAEMETTRME; 5
9N, TR, R MR R H12%, BRI B H10%.
Al , £6800H % TT (Fr54.4127T) B9FE £ UEIHTEIH
BETFH&ERMOBADTRARUERIE, BREMELRN,
BARREZCFRMATR~EEE T RIFEM,

3. ERMEATEMA. Brifhs. E€5RKH7%E
SBEOUEMEETERMNA, REREEHLEENRE
AR, RANERIEE. BAHIENREINNE N R
MR, RARENUHERNBEEFMNHAERAETREZ —;
ZmTERMSREFRSFLENLR, ZB8HKE. |
BERFNAEFUHEXNREZ W RESETEASIE
MEMEETNEMNREAE TR, 2016598, ERFRFX
KEFFKAIERF ( DC Water ) 2177 B &S
(EIB) , ATHEMETEANNKEME®E, XA &
TFHERMGE” MARNAREMERBITHATS,

ESEAGEMMHEMERERR SN —ME
EMATR, KE. SHXBFRERAREFLRREE
Hutkie ReEE5ARES, HPRRRARS

(CIF) . SfRENFFEAEBES (CRAFT) BRIASR
RSEXHES. CIFREHRE—EINSBFRBITIEA
MM Z D REES, BalTRT12{2% T (TH7812
7T) B “SEFMH RIE” (PPCR), XA RHERMM
KEESEA MR E RAL, HIMALZBFERITHLE
TRAER . CRAFTRERE XB I TRESEH S
NAERMNMERRAES, AERAERSE (GEF).
A RES (NDA) . BUMRHRT (EIB) iRt €%
5, RERENASEREZMAI T REURM MR A
FBRTTRARE, BE—ENTHFRIKERRE,

RER—FERNNERA TR, TEA—MNPEE
BFR, BUERRESEERENEENTE LN
MRER, 81 (F) RERAS. NEEEAY. AH#K
ERNAATS, BoBENENEESNEMRE
WERESHRSE, FIEANRMREERET M ER.
RETAEFITEMBEIENREN, ERELENTE
AT, EASHEMMANBE TRMEEBRT R X
FHRLEBIHRANSETEEM LR, REEEHRAT
ARSI E R m B RBENRAAZNIRE, X
RESMBARRONEAIERE N, RE”REEERRE.
RIVREF, EARSENERTER, EMRERRN
B iR R R AT Al R KBS B9 fRBE 7 f o

4 HibmBETAMNA, BRESeA TR, SaES
BRI BTSN E R MRERMASIH. AT
HEIIEN RN Z IS, BIRSEWMEERE

MRBEUNAETREBAR, BAFEAKRALAESRE
RAGBEER . FELLER T, PPPH#ALAE AT EIE MY
—XANG, FHEXLESERRF R ERACIH M
AFRBUTENHSARERSIANAERE. BER, B
E. ERTEHERRUPPPERFREMMHERE, I
AERRITPRDFERT AHREME S FT AN T MK
BEDEC, Blm, ERARGG, SRMBHAE, Hib
B. ENEATRASENTE RERE BB KIS,

—EEFRRITHESHEENY St B =ERH
ERRMASIIF, MmBNRTH. whHiEimik
EEFESBEMMHEERE -1 AEKE, ERENEH
mEES, ED50%N B AT BN & E AKX
Bo P ELH AEHIEZRE B EREMIBIEN
SEMMRR. MERAXRERETELE, TRERHRHIK
ANTAT “BORESEHRSIF L AEEER SRR
LRI RIARREAE” o o, SBEVMTE, LHEE
TERNBARG RO EHL, JaERTHEHE
REEFRE.

4.2.2 ERTSIRMEERRIERY I FTRES L

LHHCA STEAMB AN T WIR L, MR &M
Hihixgm R, HPRAMNEmEREAMERRN
WuGE. IR IRSSMERSASTFIAEIN
#, BERREZRIRFEHTY AMHERANRL, X
B AR ERR MG & IR EY KIEASRRIF AT EmMX
HOBAREFR. RERNFNT:

1. EFEH4R9{F6E (Event-based Insurance) ,
ETEMHNREENIREER ABNNRE, B3
FREMARNERADERERTHITRE. SERRE
KRE, WARK ALIE B R ZMKONER TR E
TEffo ETFEMFARIE M E 2R BR MR IEM,
o INERIGE G R E B AMREFIREER S, FHAE
ERFENRSETIH, ZERN, X—TABEENA,
B20155 8, T RETWEHE RRE, MLkERNS
BmELENE. A NEREEIIABENKE BT,
ZRBREBE K24 (FERY) 1840 #m, Bit ;|
REBEBWNABZTT, ERERBIT10127T (FEREN,
2021a), 2018F 12, HTHRIE AT 5L R M=K
B/~ B FE1E A )1 & R ik JE ik B A M R BB &I T
ENEFERETEHNERRR, HTBREASIEE
TETREEBROEBHLMENT, AREEEANERE
. 20195 8H 208, HELERAR. Wi, WAFISE
BRRKE, KIETE, 2019FE8H268, BEBRFREIEE
50 TCIREIEMESR, FZ AT REKME =L FRE
(NEF, 2020),
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2. #J1(&%5 (Resilience Bond) . #11HHEE—
BN ERAE TR, ETERRENIMAER it
THR, ANGEETHHEBENEE, 22 XEH%HZR
EA. ERGEEHEHU FaottLooFER, 1992F 55X
TEEBCEEBRTEILMN, 1994F B LE6.7RIL
IBHE, REASMBRE NS HNEFRNEHAERE
KIGHN, 19945, BXERGFHNEBRBRERGBA
SAEAFEEREANET, MABEREERFETRRIH
MINE B LRAERAENT TR, BNtOFEHREREE
KEEEREXRINETE NG ERGENFBIEEBEFHX
ff, EMAEENRERELMRKEEHILE G, S8
BOARESRBEEALALZEAEL, MHRFEERGS
I EA EE XTI B FrEB N B AR B E N7
SMETT, MEBRLTH M E M FAAIER T &£ R
MEAMER, XMEFMRTIATAMEASREES
B “#IMEIRF)”  (resilience rebate ) . SXETERE
RERFERNEREHEAR, FHREAEMEEEN
B hnH MRS IR R R HE i

3. IR HIES ( Resilience Impact Bond,
RIB) . WO RERESHHRETE AR MNELE
TR, ARER—WMEH, SERSMEAEYE. BEM
&R, T RREFXIEH MR B A
A, FBILIAEEEAEFNRRKTREBAEF T
®, KM EMPNT MRS, AT EMHIE 2
HAKREBASHFRERSE., IMHEWNIREERTLERE
%, BXEFAMITEEREXEERT.

4. IRIEEIELIER (Insurance-linked Loan Package,
ILLP) . RIS EZERRFEEATREFL SR E
MR, B IR EX AR AR SIER S
VAR A B ESMEN AL SR B, 3
B A B S IE EIX— IR B T P M AR R, AR
BTG, ARSI REG T S R LI 28

5. $114ARZ A5 (Resilience Service Company,
ReSCo ) . MRS A= 58EFERS A (ESCO ) &
KM, BERRS A SRKIEVIARERA, BETERE
T H KB . MRS A S NRIB S M ERIR MR
ROWERA, FRSHTIMHRS D EMNREFEI W
R

6. XIg#E{SiEE L (Regional Resilience
Trust Funds) . XEHHERESEAMTERERE
RS, oTRUEIE RS SRR B R > SR RS B E A
WM E . XERSRY T IAAFEM =R M= fE
SMAEREE KT IR EE R GIRE, EREERENER
KREBIBEBRABENES,

WRl.org.cn

7. IEMN 5 BIE( (Non-ad Valorem Special
Assessments) o IF AU BTG R E XI5 K B9 A3~
fEW R, ArEENB AL TAZAsh =R HIEs, o
TREB MR ZHA—R MRS, TATARMKIZIRR
RESEDHEEMEEMEREE S, EMNFRITEEST
TEHNFAAERZERAR, FRTFIRAGEXLER=ZmAm
B, KERE, EBARBEEMEBINERENE.

8. At EISHEsHEMINIE ( Local Infrastructure
Sales Surtax) , ZHX S A EEVNMHNEZHERARE S
R RMBIE 2 5, 077 BUF o] AF WA Hh B R % e 5 5 B
FRFL, 1B 3 R A IR R B SRR T 2R £,
FrEENZSTIATEMEEINSEER, ATRR
Z, AMEMEHEEERIRITEERETUNESAT
SIEDHEREE,

EREp T AATEHBRIFRRIS, HhBISET
B KRR ARSI, 5120, ETEARRIEATR AR ERE
BABAZE. R, [R5, HREEROTRA
HRIENSEFIRERMT RIFRIE 1EARMGRS “&a”
MERFFEALR, TEBARE (£E8) BRNDBRAS (X
TER “PEEA" ) ERTARIFEABEERNLTE RS
7, ANBERMEREHTTI IRE RN Z T
HUERE, ERBRFEMINATT, BAMMGRSFAETENLTER
HEELK  KEHMHEEES A RERREHESMH IR
TEHBABNES, AEATELFEAH#TENSTEZ
&, B RAB T BUGR AR P MR R AORERIE

4.3 pES=FIBXEEN LT
ZISEESEIN

HELEE. RBEFLESHMTY, PENSRTHE
PRE. BRAE, FHEEBESBRFTENLT, IR
MEMEREE EATNSMTARZ EX5EXRE, K
ERETEE, BESRRSUGETMHERLRNESE
ERR. #X¥ARETENRHTE. RXSRYI=HKX
PRrEm R EIER 4. EFFHEARRENE KT
%, AELESEFREMEREMEERASE, 2 3ER
BB S RPN EKINE . AAKEWNAEMREAMIT
TEME e BAELWAFFRLMBEASR, i#
TEROADHT, HENREFBXTRIGEMMHREFRESE
TR SR B LH RIFTE W

431 FERIFKELSHEIRE

EAREDFTH=PIME G, TERLTKEREE
MEBEREARIFMNEFNE, TEBENHK, HhEiE~=



AEGSEENL, B, Z0E T UERRERKR RN
BRTETTREMESBERRIEDR K, NHRE
BRRRE, HFARAHTHIRWFREKERESE, 7
AERFEEHSHE. TERRMENE MBRMATER
BHRRMBTVE. TEKATERREFALES, MHEHE
TKERERBELHR ARKIERMEEEF RAR.

HWNHBRROBFEREUREATBEMAN AL RS
AEMF S, BNSEESITERIMEKIRE (Saiss
Water Conservation Project ) BJ218, Bid&1TH
MERFRDT SRR, ERETEMERILER.

EESFHNRMELM. R, NEAAIENSERER
(FKFREGRE ) MEEMREDHIE ( THEKER
Fk. EREARRSE ) HBMTEHRML. BFT, BWNS5E
RKEEZSBEEFLIEFRX M TKEE, FEREIFR
WEFERBRANEZ W, EESFRFHEKNEEE
BEAESTREBSVZI A KB TERN THLEKE
B, BREHREESEHFEUMNTKEREAR, ReHR
WEBRGENSENME. B F2017F48 B3, FtTF
2023%F 18 Mo

ZIEMAHRBMENF.RTT (EBRD ) MEeE
[EES (GCF) XE1R#, EHFEBRDRE#1.2{ZB T
(#iEofzm ) B3k, GCFiRffto.3ZKit (#TH2.412
JC ) 3% ( Zgheib, 2017 ) . IbFE], EBRDEX{THR &

A 29 | FIMHESESENE

E—BEMRE, £EE7ER (Fidas512) , A
FAKF. R, XBESRHEEEED HEMIZHEIN
B. SEDNMHELVEEMBERSENMERILEETRS
TEREME, MUEFEHENE, thE8FEBRDIBM
H. %5, EBRDE 470127t ( #1&525(27T ) SIEHD
MIERHERSZF, HPOaBESTRENFEKIE

( Bennett, 2019 ) .

BEEZT, BRTERWTKGERREM B L5383
Ry, REMEVEF1TRATHRE20.3THE, &
RFGEETHBEHKERNES1TRADLTREs.67T 8
M (HNH3.2.1) , BXTHEASRHESARKRESE
ki ENELI TR ANRBER ., PREESSNALE
&S, BOEEHKRETRNTVIENEZEASS5H
M ERANHSRARAZFNZFTOR, FTEEAEX
TRE#E-FPITIUANEREL. IMHRFERXLXTR, T8
HREATHESEDHEMRENRZZE, Nt
RARAZRHI MR RTROLFER,

WE29fi~, ERBRFURITEERETHSHELX
i, AERREERFEMERESKEDE. FERE
FH, HEREAN (RRAN) mETH (HMREASS5HE
REAT) ) X FRE, AERERENRKREEMN; RTAX
TERfS, ARATHREESIH @EFREANZGT
Bo MFHFEERGFNEM EXNFEERMHIENER
THARNTRREHTEREN. BTHHERBERT

—
AR T AOHASRE
R 28

REREA
spA (S o T"%%EGWE
B4
B
sane | g | =Ene |l
RS

E: GEANHERMALMN, BERSHEE R SIS LI EH; FRETALM I, BEATA MM

INESED I ERRIEEIR

43



44

REEEERMATHEIRE, IURFREACEREER
EERFBHFERNER, MRAALTUAZGEDLHRE
%, FREMNERRRTHMMBEBE RS AALATS L
EmAR A MR ENERNE, HONRERRT
M E SR AATRNAE N T BEN -FEH
HESEEEN, AZEFHRAVMNERZRRERAS,
M SCEESR SBEPMHA B 89, RITHMHHRSTMAHE
RUHMHIERE, BTUARNBER. BTTHEE
MIMBERER . ZEETEE ST ZTHEERAM
BRKMZTHR, 2ROV RFAENES, BT ME
FENVBERESMARMSRIMASHRRARS, I
WEIHSRAHEN, AHEETHERILTSHIMR
FERRE, ATHRINSELEFRA,

MHEEEUERGEAEM, FERSNEHITER
W&, BTERNERGHFRAITIRERR D . MHGREE
MENERERS SEAEEARENEWMERE, X3
RBTHEEAEZEXIRRN AWM REFNEM. AT, 1)
FTHEAETEAFLAITESRE T2015FEEINE
THEE-RPMEREARENRHNERES ( TH#,
2015) . 2020128, FBEFARZEIBIC. RFEME
BRTNEEFENERREIESK, “THE" HEFE
RTERHE ( FERERMN, 2021b)

Ak, FEURTHEAFAEERRSTL. KA
2N LEE, TRIMGRSEIATIE, TRIXATE
NAETEEREIMRSERENNEE, NERELRE
R BRSWTEENTMHASEESR, HERES
BREUBTZTHIMNE BT AHBEER™ RENNTT
XAMMI B RERENHEAEL.

432 &N BENHINE

EIUBHETH I E MY T TR EZNHESRIER
#, FRLREEUER TREAFENBRREHRNMR
K, BUMNFERIFNEFNE. RAREME2020FHX
B80T TAMEBHH M EE, EEXM2030FH
EHREGRERR=_GTENERNERET, BRELR
RMBERAREAS, FRECHEZEHMTASOHE
XERBA

LTFRNEIEORAT B SANRE NAEMRER
it E AR, BRESEANHERET QXFASEPPP
BN SRR EREN IS ENERE, BNIEER,
BRI HER .

ALASEORERSTERABEM, MEAORRNER
B, MR AEAN, KO JUDRER N BEESUE

WRl.org.cn

TN, =35 AP 32 2k SR 4 A 0] FUM A AR i B RY A9 B
PEIKIRIE R, SREIR S, BHSIETKAKFHIIE K
F2E, #MSBERATA. TBREERTMARG T, RIXHNE
WRKBAANALAMNLE", BRTRBRXEER, RIXE
FRKEZE S THMET, ENARKEHLEMNERM Eit
—H RIS AR T % B A TR
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