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Abstract

Nature-based Solutions (NbS) are defined as practical and technical approaches to restoring functioning
ecosystems and biodiversity as a means to address socio-environmental challenges and provide human-nature
co-benefits. This study reviews NbS-related literature to identify its key characteristics, techniques, and
challenges for its application in climate-adaptive water management. The review finds that NbS has been
commonly used as an umbrella term incorporating a wide range of existing ecosystem-based approaches such
as low-impact development (LID), best management practices (BMP), forest landscape restoration (FLR), and
blue-green infrastructure (BGI), rather than being a uniquely-situated practice. Its technical form and operation
can vary significantly depending on the spatial scale (small versus large), objective (mitigation, adaptation,
naturalization), and problem (water supply, quality, flooding). Commonly cited techniques include green
spaces, permeable surfaces, wetlands, infiltration ponds, and riparian buffers in urban sites, while afforestation,
floodplain restoration, and reed beds appear common in non- and less-urban settings. There is a greater lack
of operational clarity for large-scale NbS than for small-scale NbS in urban areas. NbS can be a powerful
tool that enables an integrated and coordinated action embracing not only water management, but also
microclimate moderation, ecosystem conservation, and emissions reduction. This study points out the
importance of developing decision-making guidelines that can inform practitioners of the selection, operation,
and evaluation of NbS for specific sites. The absence of this framework is one of the obstacles to
mainstreaming NbS for water management. More case studies are needed for empirical assessment of NbS.
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1. Introduction

20163 AAAA R A A (International ~ Union  for
Conservation of Nature and Natural Resources, [TUCN)< & A}
AT AME7F BH FAE A 71ds), AAAE, A
A&, A 9 AV, ATEA, A EAR B
TEHATE BAIS 2 AT S-S A 2 AEA A
A dxg =5 7]:?: stz QI AdAAS A
7teA . ElUetE ES ofa ]O]- AL 1 km™F 111
"ol AFst= AAl «] AFLEE 7HA AL 3len ‘:’\]
AT= 2050 <F 64%0 =BT Agolt}. vyt
9 AFELEE | km’Z 8,088 L2 AANA 6HAZ l=E‘r
(Demographia, 2021). 3+ o}A] 0} A 9L 1970455 2019
A7AA] oF 5097 3,45470 9 1R AGS AL, 975,622
ol 5S¢ 2,370%49 9 ﬁxﬂuﬁﬂﬂ- AT} A e
45%€ T2 A% Jf o ol T FfA Y 57% 2
FTHWMO, 2021).

71583 9 a2 Q3 AaAAHY v ¥ Fxe o
71E EAAGH HEAAY AgA Y Eded 9 A
T Alz" HAE 7HAE Aotk tAd o & $7]=
27, HE, =55 7HE, £9, 53, AR, ME 5e=
tFata WhEsd Ao, 7|EH g2 fAsta FalF<d
A% AWML e & Aotk HZ FEZLHCOVID-19)
Atej 9] F&9 Gk Fr|she AdRIsHE BAISE Y &
ol FA=HE A7I7 HAArh BAISZ 18] A<EHAED A
BA7F Foh(lockdown)@ ATV A3 &S H2AU%
3, ok &E Favt SUFSHHA AAAHAE AF 2%
3 E-eh= Y(resilience)oll 33k c,]]sug AFstATt ol
Fge A AeAE Bdst, 1 V)5S sy, Eok W
2ALAAN AAELS —f_v‘—?_]r% TIE F s s 24
st 92 Adgo] obd 7t H Ytk AA 7] vkl 8 (Nature-
based Solutions, NbS)© ] A& QQFZ7 e TANE )
FHsE Bt vt BE FAE AdAH YA Vs
£ e r & JIHE &5k 3117.-—‘3‘35’—2]' '3}5 740]‘3}

> ofx
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(IUCN, 2020).
ST H o2 NbSY ST AAF 7HA o dig A9
=7 AL AFA = BFsta 2Fo] FAZHLRE
ol ZIMES vstH Ede SHAA V&9 187
TR B AEEF o AolHE A= A B 1L
Ze g wugk 4% o)tkShiao et al, 2020). ¥ =&
NbS# fFAPIEES B2 EdSC et iLZe &) NbS
o o] 8%, 7l&d 4A4S FAHLR EAstaA vk
AH 2= NbS9| gk Sule] tigt HAEANA AlZsto
S04 Nbse d&e g 7 e 7IMEY &7, F
ZIHERE AHEI, &5 ZHA A dig A
EEstaA doh
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2. Materials and Methods

2.1 NbS 7HE = H|W

2.1.1 NbS2| % 9—|
B FoNe FARLS Ed NbS| Bl /& 187
b B SRS A D Aol 4l o 2o Rek

NbSell &3k 7Fg B AQ Fo= AAAARAAW T 79
2] Q93] (European Commission, EC)7} A A3k W&oz ofjF
2O HIAG AFEL o] 2714 F¢ F ShUHE w2 9l
o AAAIEAAG] G2 NoS(AHA7e & AF
X AETGEY FdHEs Al AFsL A F FAE
frdst e og A5y A, A4d YA 2wy
AHAE RSt AL7tssd 2 #ste 2X'E 3
9] 4 AtH(Cohen-Shacham et al., 2016). ¥ FJ= vk
S FH Y A4 J1F BHAE st BAstE W 2
e 23] o8 RAFPY7 AA2HEA o Z AHF 3
9oz olojd ¢ JEE st Aolth

i 20159 FES93]= NbSE A7) 3734, AFsl 4,
£ A&7bsstal H &2 83Q Yo g
;goi ;q.cﬂ__ HHT—'— uula}ﬁ %‘g_ﬁ}o
24 71E9 2 S FIATIAY A HAA S NEs
He 322 FYSATHEC, 2015). 53] ‘@2 FF
I Agst £ RS ALE AT ABAT = R
A9l EX(feature) ZZA| X(process) S A= &&3d] 7]
A A g AEH R E&HQ 54 JFE ol5F A
FEskL ITHEC, 2015). & FHAL3]= NbSE A3
37 719 SR HigtR I ol & F3 $4-AMS-AA %
TBL (triple-bottom line)¥] =
5}7]—0— J(multifunctionality)& AZ3st3 ot &
AAAARAAE TS FHHL3 Y FYE Hlg 22 NbS+
AejA] ti3k Y Xl wet TR A (preservation) < #
(management) < ¥ ¥ (alteration) < | & Z(re-creation); Z Al
FHRog EFE 4 tKShiao et al, 2020). B2 Az
HAYE e drisiy, AZxEe AILHA F2 AF
AHAE FEsthe 71€3 NYES 9rltth(Cohen-Shacham
et al., 2016; World Bank, 2021).

HZ AAAAEAAES NbS ool = A fehal
(Nature-derived ~ Solutions, NdS)¥ <} 2 W}3] ¥ (Nature-
inspired Solutions, NiS)¢|#te M2 L MNEE dFsHAh
(Fig. 1, IUCN, 2020). At frefa g ol vt o=, g o
U A AdeA FeHig qUAE o] &s) AvLEHS
Adste AS grisiy, AAdRTHY S A dHE &
< Z2 PESH FFEs B A5 2 Az UARlE
ojm]gttt. NdS¢F Nis 25 747439 AAHAE ¥vteA] 2
22 A FEvhE HoA NbSe ZEA = than, A
AAA B A AW NbSe 242 AejA E43 Soigta 2
Atk olHT FIJE EF G A4 A" &St
NbSE AABENA L} FAEA, 1281 FOIFHY &5
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Nature-based Nature-derived Nature-inspired
Solutions Solutions Solutions

Fig. 1. Comparison of NbS, NdS, and NiS (adapted from IUCN, 2020).

9 Afzdsy, 29 HRBHFS oL tIFSt FA system-based adaptation, EbA) (2009), A el 714k s & F A
A EAE HZst2A st Aelth ZH(ecosystem-based disaster risk reduction, Eco-DRR) (2010),
7] %2 -84 1] 2(climate adaptation services, CAS) (2012), =1
212 NbS 2 JHE H H|W 23 EFIUJZBGI) (2013)9 £AZE &olE0] T3,
NbS= AAE3 A 98 & &3t dHeldte ¥ WA, EFEo] SthFig. 2) olET &olE9 Fos 54,
A 7]Zd H|L3 BEFHS 7R 08E ZHREI SV =9 w49 S F s Table 13 2Th
]Z

Zmo] £a]3t(Woo and Han, 2020). =4 X1 E3 A 12789 4&# /IEE 5, LID, BMP, WSUD, SuDs& T4
ATES AFEH, NS+ 23 gojgtr| ot 71&9] A A8 Z-FE(stormwater) ol o] ZHA Utk F+
& golsd HIW S TFoke EE2F Zd Y9 Z(umbrella AAA ZIFA A= Aol7t AAT 2 SddA = EA] ellA
framework) 23l H= o] 2] & o|th(Cohen-Shacham et al., A9FE 2 AAE, B ZHY &85 53 THY A
2016; TUCN, 2020; Ruangpan et al., 2020). ©]& 3t FAFSF & A 2% AN I8 #Y 9 37 JZPH o= b
olo] B 5437 AAF ARES AWHEA 19639 Fof Wi, BEF, AHAZL st Axdow E3d I
A e} F8h(Ecological Engineering)©] &8¢ o|FZ AFIAN 74 A2"EES FES= RS TH(Ruangpan et al., 2020).
Z(LID) (1977), HZ#=71"(BMP) (1980), AdstdEH CRTE Hot §2 #HM gstde Adstde Je<t
(close-to-nature river technique, CRT) (1985), 4t Z&E-¢Y =94 7Y HEA Axse 71eE drlsH, GIg BGI

(FLR) (1993), 91728 =A]4 A (water-sensitive urban design, = TAEE s dEIAY " AA5A9 &, 2449
WSUD) (1994), 121913 2K(green infrastructure, GI) (1995), €] VEQ IS 2751 Zaats AL oujsis Hog B
A& 7153 TA | 4=A] 28 (sustainable urban drainage systems, #Elol A o Yoyl orget e A AR At AFS F A F B
SuDs) (2001), A+ 7] ¥ks) B(NDS) (2008), A B} 7] ¥HE S(eco- 74X 9 F&S A FFTtHWoo and Han, 2020). FLRS =28

EbA

SuDs EbM

Eco-

EE DRR

Fig. 2. The timeline of terminologies similar to nature-based solutions in literature (adapted from Cohen-Shacham
et al., 2016 and Ruangpan et al. 2020).
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Table 1. Definition of terminologies similar to NbS: Descriptions and major adoption countries (adapted from Cohen-Shacham
et al., 2016, Ruangpan et al., 2020, Woo and Han, 2020)

Term Full Name Definition and Purposes Main Adoption
Management of systems of human and environmental self-design or light
EE Ecological Engineering management that joins human design and environmental self-design, so that they USA
are mutually symbiotic
. Urban retrofitting to increase natural pervious surfaces and features for infiltration USA
LID Low-impact Development . .
and evapotranspiration that help reduce urban stormwater runoff and flooding New Zealand
BMP Best Management Practices A practice or set of practices for elim'inating, mitigating, or pr.e\fenting targeted USA
stormwater runoff pollutants and contaminants from reaching receiving waters Canada
. Reintroduce natural physical processes (variation of flow and sediment
Close-to-nature River . . . . . Germany
CRT . movement), features (sediment sizes and river shape), and physical habitats of a
Techniques Europe

river system (submerged bank and floodplain areas)

Restoration of forested ecosystems through planting trees, forest succession,
FLR  Forest Landscape Restoration enhancing connectivity between protected areas, protecting water and soil Africa
resources, and reinforcing cultural values

Water Sensitive Urban

A design and engineering approach to managing urban water balance, maintaining

WSUD Desi water quality and conservation, and enhancing water-related environmental and Australia
e recreational opportunities
The network of natural and semi-natural areas, features, and green spaces that
e S . USA
Gl Green Infrastructure enhances ecosystem health and resilience, contributing to the maintenance and UK

enhancement of ecosystem services and biodiversity

Sustainable Urban Drainage

Facilitate the natural drainage processes of an area using natural features such as

SuDs Svstems swales, rain gardens and green roofs, in order to enhance localized infiltration, UK
4 attenuation and detention of stormwater
NbSs focuses on the restoration and/or replication of  natural processes,
NbS Nature-based Solutions ecosystem services and biodiversity to address environmental, social and economic Europe

challenges in sustainable ways

The use of biodiversity and ecosystem services as part of an overall adaptation

EDbA. E tem-based Adaptati . . Canad:
’ cosystem-ase .a Pa%on, strategy to help adapt to the adverse effects of climate change and build anaca
EbM Ecosystem-based Mitigation . Europe
resilience
Eco-DRR Ecosystem-based Disaster =~ Manage, conserve, and restore healthy ecosystems to maximize their capacity to Europe
Risk Reduction moderate and/or reduce natural hazards and disaster risk USA
CAS Climate Adaptation Services Restoration and Flse of the key ecological me?hanisms and characteristics that Multiple
support the capacity of ecosystems to adapt to climate changes
The use of ecosystem services provided by urban water bodies and vegetation
BGI Blue-Green Infrastructure  including water supply, climate regulation, pollution control, hazard regulation, Europe

crops, food and timber, biodiversity, and cultural services

Azt FAAME A B =8¢ 2ETh Eco-
DRR, EbA, 231 CASE 7|FHS FJolzt= BEE 24
371 A%t ooz AHgAG AEGIYA 27 E FETh
Eco-DRRZ SE714 #AH A MeARAE Sl AAA 3
HAFY ALS ZREE 1Y, EbAS CASE 2713 FHA
AEGIYTH AdA BES 3 7|THse] dg 2234
AHgS& FTI EEx EE AA7 &£F4A & JMeA st

N

&=
FS 2 HAZIsd &g Aotk ZA A g =3
TBA ZdoA BGIS EEZF NbSdll 7HE 7Hgthie oA
, NbS&= Aa7wai el ofst ot siA & o &3t
E VeFarled J2dA s gasty] el ot
JAHBAAES =94 ZHT F At 5F o] Ut Woo
and Han, 2020).

JAPH o= NbSY #AS Aurdw, EFE HyodS
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@Y JIsl: o, A, FEGE) g 2-AA HA
58 HAZ LHSIL Yobrt MeA B, sEEE
4 2 =AY g2 7539 dAAd ug Zx2E Yozt
(Fig. 3). A 71FRg AEFA A 49 5 Ao &
£t XEF 84 g dFEY Ado] FokA AL ol H
AR} o]l kel AlZto] TrFAHA ALEH P& &
3 AF3) 7 X F(sociopolitical) &8 = MEE SFsIAR T
(Oral et al., 2020). NbS&= o8 s HAThq] HH 9 FH e
AAFA BAIY R S22 AAE WL E o AAAS
(re-naturalization)Zt= F313 YA E +&F F U= 4
HA 4 2@ dycds WESAL v
E3E HETgy 2AHANA NbSel 71ukgE EA]

Nature-based cityZHs @2 7H AR go] YAkl o
o B8 JUFHOE P9 A NEES AAVW &

> N
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Increase of environmental knowledge and socio-political awareness of society

Access and . .

Health Flood Sou.al amenity,
Success and protection rotection environmental
== ality : protection

Drained

city city

Supply Separate Drainage & Pollution
system sewer underground management
tem
system sys

Waterways

Limits on
natural
resources

Water cycle

Diverse, fit-for
purpose sources
& waterway
conservation

Integrational Mitigation of

equity, resilience  Water problems  Natural water

to climate change 2and urban regime for
pressure |°ng_term

sustainability

Water
sensitive

Systematic Integrated
Adaptive & framework for ~ system of
multifunctional ecosystem natural
infrastructure (oo processes

Technological development and service delivery functions

Fig. 3. Historical evolution of water management paradigm: From water-supply city to nature-based city (Adapted

from Oral et al. 2020).

o] 3= FelE YebdthFig. 3). SuDs, LIDY F$ &
=8 ZA)(water cycle city)ol 288 Z& 7ld o], WSUD
£ 715 dugt B 93E TA](water sensitive city),
a3 GI9 BGle @A o voprt 24 AEAA
2 AFS ERE 5= Urban blue greenoll 8l 33h. NbS
Ardol tis R Foistal 71EAQl ol E HE LR A
2g9 F34F ALY, 71FHsE Ags 7
q

ERENE
ko] SubE = Jle AHED, S HAA
o Qo] e A
53} wgto] i t2da 2 4 Utk CRTS FLRE 27
AAEA 2e) 1 AANY QA o] 2HS B2 39

>
1
AN

N o

NbS9 @& ERste AAe vgFstAw, aA 71548
A EFE A= 5 Utk AA NbS
Z(mitigation), %-&(adaptation), 7152
4(enhancement) S A £FHCZ Us & Uk 9
NbS AHAZE & 0] R Ao &3%E 712 + e
H o]# 3 t7] 5 (multifunctionality) < NbSS] 523 &3
ot}

=

ugth =AIA G F£AE AHEH HFEE 5
d MEHe LE5Y FE, =88 d FAd F
Zagh oA AMEo R 5 g4 W& A, 2
FEFAE R 247MA9 FAE S A T
A F Ade It UE NbS7F AMEE F JTHUN
Environment-DHI, UN Environment and IUCN, 2018). A
e A% NbSe 23 Hrbe SHER Y Fas) wa
& % 590 2tk JIFFAE 24 AAH 71
S 53 sk vl e ddo] FE =S FoEN IFA
YA 7HEL R Qg dauES Fole AT ol g
3tk A 7FeH g5 A (salt marshes), ©]H<5A](peatlands)
= SAZAY 7s(F2 e, AR, FF)RT ofy o
AL E Fsta ARst AFdsE =5 2%
£ 7ML o] aIFd AR7I5E 7 NbSE A"
(Gunther et al., 2020). %] #ok= oA =A] A
2o HAA ST 54 HE dA)5ta L =X £5
Aol =Xl gE FH 7|2 GHA EAHoR AT 4
A A E £0la A5 PR &M E Aste A
gL ¥otHTh
A3 FE OIS 715 W Aue oo da 2o
NbS7F AHgE T Z9-f&, &
T, 7k, 9% 5 FE7139E A A ZokedA 7%
W2 QIg Behget A dd A3yl s s
NbS7F o188 <+ e, FFAGel A4S BRAsAUY
£ AAlstd AAAHA S
BT A drEFR AstrEFs 584 kw5 T
@3 7]FolEd thH]ste A olel s|Fgtt A
Bd g AQidse ¢4 2 E
ZHA AL Sl Aed A 7sd= d2
ZAdd thulsr] A8 =AAY W EF

LN A

o
Al
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2 249 =4 7lee 943 2dsE U= A4S 75
o &3t}
SIS ATEIG EANE, A%H Dol AR B

EAET

o]9]o| = NbS+ United Nations (UN)E] 2030¥ SDGs
(Sustainable Development Goals)9} #H3d] TSt EXES
AHAske o 2340t A& 5o X AHAAHEE B
&3t NbS+ 743 €Y(SGD3), AR 259 14(SD
G6), A&7tse =AY FFA(SDGL), FAEHA(SDG14),
AEA ES(SDG 15) & thdet SDG EXE XgFA 24
st d E28 £ & Ath(Ruangpan et al., 2020).

7|ZHste] g o 2 g3ty A A EFE AA
= NbS9| A, Ag a8 JeTFE TS BT E8F
a7t Ak AA, 71FHstE 4o A=A ol4itkst

5%, % 5
AQH L A%7bsd WA o2 Bhge, B ge R /)%
WHE AW olPNE Y AL WA A AA7HE Ff o
B %S WS WAE 2ARFO2A Q7T g
Aol AN FAL @ehAl7lE Aolth Haps 4AE 5
299 A299 493%E B s 2L BASS 595
o3 FARCR HFste Aol Fastth

312 A2 28
NbS+= T2 EAIAYGE gdez
EAR GG, 2H, AR ) S gLz St dudez
TEF 2 39 NbS=2 o} &ATFE NbSE F2 7
I =29 22 9 F

1

o

o A&HAY ds& %0171

=
Al 58 AlE U o] 7B 2 =2 HgEth Fo
5He AT Y A4 €AY, s € ¢ 3 M
Az, AR F2F daoH, 7he AdE ¥dnh = A
&0l B2 1Y FAAY HE AF L ¢ A2EFS
E9A E &HE FoE dth Mg £ BA] NbSE F
MAG(ES S50, HEZY, NERST, 759 24, 4
ZAFAE(dry detention pond), BEIAFA, AFEA, 18
31 A Eo]ti(World Bank, 2021). @A7HA] tif-£9] 453
7 2@ NbS 71l diaiA o] Folfom S9E A&
g AlUA Brbe F5 AAolth

AR NbSe HEs APse Mg S8 e 7
SFIH FeHizolth 479 NbSe A= e AGsdH
FEEAE 23 Utk 7MY, 54 ASH UEFLY AT
Y 44 % W =F Zedded &g 22
25 ddel adHon, AFFA % FFELES 9 A5

SIS EEIAES|X| M3sH A4S, 2022

599 FFddaRrt g8 & 222 JErsithRuangpan
et al, 2020). THFF NbS 7|ME2 7 AANA 24 3
S oA 5425
AFET F7IHE B
T ALY A o 2 Y AT A4E 7AE F A
(World Bank, 2021; Wu et al., 2018). °]+ A Z t& NbS7}
o2 3979 (sub-catchment)dl| A ZATF F-EFHS IR H S
2 BAlol A8 sh7] Wl Eo|thRuangpan et al., 2020). WekA]
o] 7IME ST NbSE F & dolle AT 71Hntt 3
7H4 WX & A1%3] AFsokgt). Liquete et al. (2016)2 A
St E AFEA, A4 AFEFA, 2L FAES AT
NbS7} combined sewer overflow (CSO)E F3}lsl= o €<
St ARV Jom A AFIG AXARAE AR AETH
FANATR FEF2E o 2HHYE A3

71& TAA HEAIAGY sk, A, AGAG &
S2 g NbS AFE EAAY dge ATl Hla =
(Turkelboom et al., 2021). 71 &¥ 39} TA)SZ QI3 EF
A7 Btk B9AA qRAA o] R E FA #4Y, &
8, 283 A Mujzd Ae §FS Foh wEhA
We R NbS7F 2 FE2 NbS Bt E3F YA Fyto
S THWWAP/UN-Water, 2018). 25 2 7H& 91 A7l
RQoME FA A, §9 Y § FY NbSY a3t EA
Ol & Al & EAIXY NbSel HlF EHN ZH ZE 99
(source)S THFE 49 NZ2HA o2 JAZIKFig. 4). 1Rl
T Bt B9 S HEAAY NbSoll tist A= F
&3 Aol

HEAIA Gl 4 NbS9] W F el &2 (management) S} &
HA(restoration) &2 UE F Jth AAEFA Y ofF MAFE
zd3e 2, A FES g4 g 9 APl 1 3

£ $E02 gAS

r\:l
o
o
oo
sk

(]

AL 71& A4 AEA Y 7]

)
ox.
]
N —
E
>,
N

= #edl sl G Triest et al.,, 2016). ¥4
A& eI § Yoprt FYFES LID7IEH AAAl
AL AAL9 B sigect 7tE BEEy 3o
He EFHERY0A e B2 9 A4, A
gl A EFARA B, T5EH 24, A F g, A
AT 24, A 59, 222 dFE FA 2G|tk
(Perosa et al., 2021; Turkelboom et al., 2021; U. S. EPA,,
2005). FEHOZ YEgHE=< ‘Room for the River T2
E7} k20063 5-H 20153744 @k1-#B =248 w97
o] 39 NbS Z2AEE P35 T8 A9 T5H 2
T2 T4, A F5 2 AWX, 259 FZ(high-water
channel) A4, E54F ZAE AA, AL Zslolth. ARFF
& grsa FAS s AR AHYAE Bostal F&
715% 23 a3 th(Ruangpan et al., 2020). E2H=9 =Y
APFL Ay AAZ A AE Gt AFHA &
2g 7] 98 /Y AR AR ARA 2 A
A7 5k i (Matczak et al., 2019). AN &TFE AFA
29 4g AXd 2 Ay deel 2 2%E A
Hom 7HEdd 94 AEdy, a2 FAHA Sd9d9E ¥

2} A8e AFHAT. FAEAGL T FIH

N oo off

e = o
_O|L

z
g
wn
ofl

fo ¥t o o
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Risk reduction

Watershed management
Reduction of River and coastal management
flood hazard

Wetlands restoration
Green infrastructure Urban (re)development

Flood protection Transportation

Embarkments
Flood barriers

Land use regulation Land use planning
Setback lines Urban planning
Building restrictions
Flood proofling Di t t
Integrated isaster managemen
Raising preparedness Poverty reduction

FIOOd RiSk Early warning systems
Flood hazard maps
Management

Residual risk mitigation
Emergency response
Recovery plans

Fig. 4. SPR (Source to Pathway to Receptor) (WWAP/UN-Water, 2018).

NbSE H2 99 S FE F AUtk FY AIZEAE= N ¥ Aoz wug Aol
THET & HSE X AP EFE AT £ Qo]
ERFH F 09 FAS 2L Hutd HAE WA 313 MfHFH 2]
o] & 0] tHWWAP/UN-Water, 2018). NbS&= dstazt st MY Mol wat 1 38 £
QiR 7|FHse] Bo gfH o2 g3ty YsiAe F F& g Ak ZA 5, 7, T4, A, 22 35
o3 2] NbS AA7E Hastth F9H NbS+ =2 A A AP A9 S7HAE AAA P S TES T AoH
%

49 B vlge] 2a8H o - AFAYA 2 5 e a
Quetsle @A} B mesolof s B WS A
9

B 71

B3 £48 AU ok §93% AAHA 42 Geshd 9 Agol 71 RAA g AAHT, HEgdde dX, B
B2 A sER £2& GRT S Q) sk A% S g, FHAFA, FTH 54, A8, Hold A E, =
Feds AdidE #9 H tdd Nbs 71 HEs 5 El(berm), TR, 2oL, YO8, FANE 24 § &
TEHE7} D2 o]t WWAP/UN-Water, 2018). 3} H2 3} A ZRE 7IE 188 SHEY 524 £FAE0] 1E2A
AHAGE NbSE EYste] tFet Al Ad(: HS, & EdH d5S &€ T doh ol NbsTF 74 VIHES
g, A F, DS AEd e FAYe] e ® A7 e 7€ A4 PH3HES E8HoE A
o a3y A ESEdY o2 A FY NbS Fote &9 AEdde o FdsE

o g Fae adold= FASH &R NbSoll vls) 4 NbS+= 71593tz Qg =A] 2 At T A& Aot

Table 2. Type of NbS used for different types of disaster and risk (adapted from Kumar et al., 2021)

Type of Disaster

Type of NbS

Wetland, salt marshes, coastal wetlands, estuarine wetlands (mudflats and channels), vegetation roughness, wetland
conservation, pond and lake, bio-retention, grass swale, porous pavement, low earth bunds and debris dams, tree

Flood . . L .

woodland, storage pond, afforestation/revegetation, diversion channels, mangrove forests, hybrid (blue-green-grey
approach), dune system rehabilitation, rain gardens, green walls/roofs
Afforestation/re-vegetation of hillslopes and degraded land, removal of invasive plant species, increasing water table in

Drought the main waterway, expanding the beds of small waterways, diverse afforestation (varying species), wetlands, salt
marsh, retention ponds, drought tolerant crops

Heatwave Blue-green-grey infrastructure, grassland, forests, tree planting, green roof/wall, water stretch, cool pavement, xerophytic
trees with broad canopies

Landslide Afforestation, re-vegetation, sand-filled drainage ditch, plant roots, birch trees

Storm Surge and
Coastal Erosion

Salt marsh, mangroves, vegetated berms, dunes, coral reefs, seagrass, seagrass meadow, coastal wetland restoration,
oyster reef restoration, beach restoration
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7] St v &ERHRl Fdo] & £ Qlrh ) AL 2 AYFE FFo] FEF JAFFA, I, AstE FH
A2 NbS9 &7t 71g Wiws] AEE FEolth vd@® Oqﬁ]/\]ﬂ% FoHe e ST AaF s H4ds] 8%
= JRIESZHNA JFREH(porous pavement)2] TFA o 3 AUA EFE =3 NbSY dFTo2 B F JTHWWAP/
- X E NbSE 283 AdT= 55 Al A5Hd Z4vt 54 UN-Water, 2018). ©]¢} H|s=atAl ohgFet 2@Qlze 7|y
F71 &9 B F 32%, 10d F7] 5L 23%, 1AL 9 247 FFAYZSHE IS BT F TH(Table 3).
100d F7] &5 17%7HA 7}%%% = 3H tHCosta et NbS9 4]l TAN= e} agoll=eE ZestH H&
5 2021). FHY EAIES HAFSE NbS (A AFA, 4 £ AFsA A MEY S F AT ¢ Udg A=
EHTE)S’Jr age] Ql=ate] H-g&HY % A% A7, NbS& ZIdEth. 28y @A HES 23S 2] 99 713 A
a#o] Azttt AAFHE G 15~63% 7HE 22 v &2 ojuf AbZZ Fhol=gRlo]l FATE FFolm, oA o] F=E

2 34 7Y TF AN E AEsts AoE YEFHTHLe
Coent et al., 2021). BFA¢ G212 EE 7|& F8H3 giH]F
B} 2~5u) & v go] B v B9 HLHHE B
%t 70% EATE AR L]-E]-‘)*E]-(Narayan et al., 2016) =
A&} S 5 AE T4 SHO|HFE NbS 7[H2 5
A B5 ol A&t 9 %%—’F B3 ZHo A FFS
H &3 7 oA def IAHEE 7HA L = ALE e
Y tHBoano et al., 2020; World Bank, 2021). 7}& 8] A7
< 71FHs 4S FAA F 7P B3 Eokolth NbSse| 7t
F oA g3 B3 FEo] Bzl AFH SAL oHFAA
F-Z35}tH(Debele et al., 2019).

3.14 slo|EHE|E &M
NbS7F 9rets £F A= AA7]6 S 71€ 383
ie’qi”} wasl B8 Hesds 4FE stol2
H(hybrid solutions)= EFATh A4 a345 U7] 93
/‘1 S AAYUAG 7B NbSE Aot ol AF=
ot Bax et AFEo0A AAEIL Atk AT =244
o HX&= 9T =2 HEHLZE 3] NbS9 g tigh
Autstrt ¥k Fol stolB = &R S L He
ol F stutelth. gH 2 A=AHIYAAEE B3 AR o

ZZAE NEAY AN FA THEL JTHWWAP/
UN-Water, 2018).

3.2 NbS MEf 81 &7}

EE §39Y Nos7t BRE EA B A f2AL 3
3] ofuth mretA AFe NbSE He37] A gAHEH
g o] u]- F3cHCroeser et al., 2021). oJo Z a3t 3
&g 712 AA, 4EHIA G SH(=A F2 HIEA],
I 52 AUEA FH)F HErted 3T TE, EA,
duz ste E5E &5 #dstE Aotk A& =
/‘WQPJ FfrE ARS ATy dskE A9 %’bﬁ}i
§ LID$} 2ol B4 AA 537} Fd, 259
g7 X—Jéﬁi NbS HAEAY F vk AUES WA
Ae & F e 3] FlEes goeng AHAF
A ditE 4 Zde 4XE 18T F5= JthWorld
Bank, 2021). FH¥Y3)(EC), World Bank, -7Z27/N&=44
TZ(International Institute for Environment and Development,
IIED) & FA|7|T7E2 NbS A€ 7} #AF thdst EAo]

=

l-rl

EE w50 HEXGH FHo 3 NbSol| g FHE
8s T UAEF kAL Ut 55 FHALE = NbS A3
ZAEN ‘OPPLA(oppla eu) S TE5o] NbS T Alg 9} A+

Table 3. Hybrid solutions for water supply and quality regulations and flood moderation (WWAP/UN-Water, 2018)

Water management issue
(primary service)

Green Infrastructure solution

Location

Waters Floodpl

Corresponding grey
Urban Coastal infrastructure solution

hed ain
Re/afforestation and forest conservation (0]
Reconnecting rivers to floodplains (¢}
Water supply regulation Wetlands restoration/conservation 0] (0] (0] Dams and
. oundwater
(e.g., drought Constructing wetlands (¢} (¢} (¢} & . W
management) ) pumping water
¢ Water harvesting Y 0 0 distribution systems
Green spaces (bioretention, infiltration) (0}
Permeable pavements (¢}
Re/afforestration and forest conservation (0]
Riparian buffers (¢}
Water Reconnecting rivers to floodplains (¢}
. Water . . Water treatment
quality e Wetlands restoration/conservation (0} (¢} (¢}
Jati purification plant
regulation Constructing wetlands 0 0 0
Green spaces (bioretention, infiltration) (0}
Permeable pavements (0}
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Water management issue
(primary service)

Green Infrastructure solution

Location

Waters Floodpl
ain

Corresponding grey
Urban Coastal infrastructure solution

hed
Re/afforestration and forest conservation (0}
Erosion Rivarian buffers 0 Reinforcement of
control P slopes
Reconnecting rivers to floodplains (¢}
Re/afforestration and forest conservation (0}
Riparian buffers (¢}
Biological . . . Water treatment
g Reconnecting rivers to floodplains (¢}
control plant
Wetlands restoration/conservation (0} (¢} (¢}
Constructing wetlands (0} (¢} (¢}
Re/afforestration and forest conservation (0}
Riparian buffers (¢}
Water Reconnecting rivers to floodplains (¢}
temperature . . Dams
control Wetlands restoration/conservation (0} (¢} (¢}
Constructing wetlands (0} (¢} (¢}
Green spaces (bioretention, infiltration) (0}
Re/afforestration and forest conservation (0}
Riparian buffers (¢}
Riverine Reconnecting rivers to floodplains (¢}
flood . . Dams and levees
control Wetlands restoration/conservation (0} (¢} (¢}
Constructing wetlands (0} (¢} (¢}
Moderation Lo
Establishing flood bypasses (¢}
of extreme
events Green roofs 0]
(floods) Urban Green spaces (bioretention, infiltration) 0] Urban stormwater
stormwater i infrastructure
runoff Water harvesting (0} (¢} (¢}
Permeable pavements (¢}
Costal Protecting/restoring mangroves, coastal marshes and dunes (0]
flood(storm) Sea walls
control Protecting/restoring reefs (coral/oyster) (0)

AHES FE5] FHkL AKFig. 5).

B} gt NbS dA S AAT FdFl= 2 NbSY &7
o YA 59 HIE ALsA AYE 2ol Aok
NbSE E3HA X9 o]

o, olgfgt Il JAEAE S w71 $sl
A EGolA Az Eo)(d: SWMM, SUSTAIN, SOLWEIG)
]

TH(Ruangpan et al., 2020). 224 NbS Z =2
AEE 7|83 NbS £/ FEE AF e d o] 713
T8 7IE T stvhe vE U] Aot AAA oSt
NbS| A v &7 Hol gt BAo] A o] FA A
SESFTHWWAP/UN-Water, 2018; World Bank, 2021). NbS 7]
W ZolA AeA 2 A9 RAvo T Tk ALE AA
A e FES F Atk 107 F o) AFE MK A A
4,0007] =A) 7H2d 4/57F F TE Y Bee AP
B3 FAMAE 7THE F Qom, 1/62 AA79 3
AP &5 EA1Y FAHHYEY HoFs FHA T30l
7Hs8ttHAbell et al., 2017). =3 EA] $39 BAL 5400
o BEFY 25 4 7 d wWd 10717 29 gL g

o =

AR oen, 5, EAMGE, AHE A 9
tHAbell et al., 2017).

NbSZE Qg H9 FFse JAEEA 9 FHISAA
AFAEE A5e] f8 BtEA] gt V& d7ES A
NF7H &, EEH, EHEE0lE 58 AHEE HY
S #7333 2 thHan and Kuhlicke, 2019; Ruangpan et al.,
2020). Ao F718]&(life cycle costing, LCC) FH - 7]ut
Ald A gAY FAHE(AA, €9, FART HE 2 73
v &) o] A S A et W ol th(Boano et al., 2020). &
A7AA Tk NbS #&d AFEo] 2 H Y] 2Y71E A
d NbSE o= A B4 S 7HteZ 3tal gl 9
15 o]4e] 2F710s 7HAL 27| FA 2 BT fARS
E EF AZ NbSE o= g AojFrul iAol 44
3ltH(Boano et al., 2020). T7]FE4 (multi-criteria analysis,
MCA) BH2 AHEA, AAA, 7Ied L2 FEe o9
71250 g W AMEE T e BAHLE JUPEEE

SEE WA ZHHIL e dHEE SAEHE AT

5
F e JAFEH Yol tHCroeser et al., 2021; Liquete et

ol
tlo

s

HN
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al,, 2016). @A NbSE gt 2 FASA: AEA
A AN ohFet ol BA L Ao #uk ofgt Aolg A
AT AEEE 7ML A& 7HsH o] =T wEbA] NbS &
P9 AETHEEE o7l YA = 71€F, A F, BAA
45& AT B71E a7t FokCroeser et al., 2021). TH&4
2 -8°] Z(multi-attribute utility theory)S ©]-&% 3%, & &3
SR8 oyt 47 AE(trade-off), FHUEY AEE, &
o] B E s ditEY 7HE 3718 5 Ao
(Ruangpan et al., 2020).

71 NbS tietel A 2 g7l glo] 358 IAHEC]
Atk AA, NbSe| HY] BrlA 182 SAHT] oy
Avkel: 23 ©ER) ofF A=A 42 aFHEC: 7=
9 713 FHEaFHE FUHAA FEHeR St A
2 o}d s AFA £3F A o] thShiao et al., 2020). A, =
AlAY TR NS il Hla] SR NbS (sH 79 2
A 99, 7HE, A, 'S Sl e 1Y HrF A

= FE5% AAolth NbS7F 5/ 3ol H7| YAl #
SR NbS (o: 3t AAAShH] de AEZL H asieh |t
Ao 2, NbSe &7 &g F&<t B/ 9 °+9 &
A AA B AF7F Basieh 44 AN 2 S, ZA A
o] 2 "ol g5 AlA"lS 2 F3lE= SCADA (supervisory
control and data acquisition)E ©]&% NbS<] Aoj7ts4d2
21lE NbSEE 23 thRuangpan et al., 2020). NbSS] H<]
& AFseta I8 B did 74 S ALl
7] Y3 ok A3 NbS A9 FHo] 4oz oS ¥
a3ttt

=

d

33 8%
NbS B HY FASCIM FEHOR AFHE FF 44
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£ A VHAZ UdE ¢ Atk NbS A8 w743 stol =g
Q9 M AP AWMIA T2 183 NbS 24 T 4§
Yolth. AAZ, th7]5(multi-functional) NbS A Z 23k
1€ Jtol=gle AL "art ok olF siAME
NbSe| 7HEA 7|55 23& ZFI e AR UE &
9 A5 Fofe] Al #FFT, 24T, TAAY, oA

(o]
s
9 FA L 5Aq1A] Aol I 4ot EAIA
o] FHol HA 2| B(green roofs)Z =4 H(green

.
A S5aEe Agsn B2 A o

x| BB S A I8 A

A
£ g&ddttes J2dFREEY FAE FAlA AAEHL A
IS T3 AutE B2 olo]d 27 Q)

=
=
& A7)k E(NDS) T A -2 S M (NdS) T 35T A 7 3
A Qe Aotk FAH AT/ SHAAM &7 Rok o
oE S7HEEE: 4978 570d AE, AAe=2030)
7 NbS A Alolol] dFFgES Fr3= Aol B
EAE AP Avdzolth. @4 NbS #A =9+ 7393
AT Jes F3, F4 9 wHhse G MEY 9o
T FA oz WA= Agd =Fsly] feixe #-E A
MR FAREFAEe 0ds FHFFL Fask o
(Kabisch et al., 2016). £3] NbSE Al¢ste He2 $HF4
5zl 27 2 AR AEA, 2 BAA YR, o] 52 NbS
£ AAs JPste JAHEZAR] EEZE AL, AU
AL, FEFTEA AT A2 g2 FeRoky x4 & zZtn
Q7] el o]# T AlZbatol7F NbS9 Fitel] FolEd
Sl ThHRuanpang et al., 2020). NbSE Aol wetA 4F3] H|

0
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2 QA AHFAND F 7] w2l HEHoz iEd
NbS9] AAA 557 A AAA 7HX e g Eust =97}
dastth 71 m=e] 49 HEFY 9 AFA AXE R
AR A NbS<] 7FX]ol ti st Q12]o] BE3te] nm7fd FH
22 HER oz AAFHE § AHe0] AATH NbS9
A GqALE ke flsiM e AFAL XY, FAQl, # A
9 F9 5 olFFAA T AT AsE FAAE FL 5 AU
= FodF Awd2rl £ 28tk (Kabisch et al., 2016).
AR = NbS FA BF] FHoIth AAAABRAAE S &
F A EE NbS ATo] vtEA] TS o & BFExhoR

59 8712 &S A A THIUCN, 2020).

=

* Societal Challenges: NbS& At3]F o2 HEH7F &
HAE AHAste Rolofof

* Design at Scale: 275 NbSo|tj2gtE 39 =2 AEA
Alz"F} AA FHojoF X &7ET

* Biodiversity Net-gain: B2 AEFY AA&F & 183
oF 3tm F HJo] H(+)olojof 9t

* Economic Feasibility: NbSo| T+ mto]lAlo] FExju]&
e Z&Holojok 3

* Inclusive Governance: NbS<| A&7 A4, #elol| FF3}
I HFHR1 JatEge]l Bag

* Balance Trade-offs: NbS<] 7]3]u]-&3 H<Q], th2 NbS<}
9 FE 7tsdE wslof &

* Adaptive Management: A& 29
NbS 855 MdA Ak &

* Mainstreaming & Sustainability: NbSE& A =% F
Hog whE7] A dAgo] Tad

rlo

AT

)y
to
of
%

4

o)

NbSE 2 Ever 239 2 7|1¥¥s 3S & A9
9 A T 2AF oz FZeAL Uk YU EF
g #E A AL A A FHERD 7124 A
A& 2021~2030d)°l™, 7|FHsE FE HAFY FUHAGL
A2x 71 FAS S 7 2A YA G AE 2020~204013)F A3
a2t Z7F 713ds AU AFAIAIAIAE 2021~
2025@)oltk. A1z F7HERE 7I2AGY FHME 2 AT
W&ole &% s Ao & A 7ted vz 3 7 -
2 A 5 /TSR QI E8Y $FY A et
YA = o] QlthJoint Ministries Concerned, 2021a). ©] &gt A
T4 qdhdste &) ds A 9 FAHAZ £33
9 A9 I8, A&7t E ol& AA g, 123 E A
3 A AA FHo] TG S FAZ AAFHAY 2 A
Yol A NbS& +FH-F2-FAHE SAld 18T + AU+e 7]
HozAN &Y 8 AT T =R AFHAeH 4
AR ZF o7t FAH] S 2 FGAHAT. 2y
BAY AR FHE LID 5 NbSe b3 &491718 7120
ol sigetth NbS7h 71 FHst t-g B A g -
&57] YA R&D ATE &3 NbSY 7IHA tdy
Fo|i 7HEZFdd &7, g2 AG a2 i HFol

ol Ao} B,

4T ol

o X 1o

1=]

B
I & 98 HsE 2o EF
4 gE7F s, ol & Y3 AFTNLLID)H BH
SHHEY7IH(CRT)S -3 &8 AL ZxsH%thdoint
Ministries Concerned, 2019). |32} =7} 7] F W3} &3t
AFAGAGANM = ANSESTY BAE 18 Ao NbS
9] &8 FaX4& FASNT. 28U F AlY EFlA NbS
o] AF7Igo] FAQIA, 7IHE e &£Fs FodA o F+
Aoz YA HA] 3ktiJoint Ministries Concerned, 2021b).

NbSE Tt aH4 7IHES E8ste X248 HEHolth
o] Zeo] 7|TW} S £ B39 £A sl 7143t
7] flaiAe EAE DT AR e B84 2= NbS 71
- HEEd F UEE FE WFEFH stoj=akle]
S8 WA NbS 71 534 2§84
7 P&t 7|&5} o] FoJ A of gt HEH)
, 2021)2 FH R&D AFGol Bk &3
S =Yt ol¢t #HEHE A2t FH, R&I
St 71E v, B oA 44 9 2UEHI S
F AFARE (Nature Capital)De] &Rl YAof g}
AT &% NbS7F FAA F7 £FHE ddst
H4e NbS9 el tiet ABH SAG HIAEE
l= R&D FA7F 4= ojok & Aolth
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