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Abstract

1y Introduction

In May 2020, Taiwan's ExecuBv Yuan approved the "Central
Watershed Integrated Improvement and Adaptation Plan (2026)" to
enhance flood management using climate change risk scenarios. This
initiative emphasizes risk assessment, habitat conservation, and ecesystem
based manageme(itlatureBased Solutions, NbS), integrating ecosystem
services, water culture, and biodiversity to create resilient and sustainable
environments. However, the lack of standardized, quantitative methods in
Taiwan has hindered NbS integration into engingenmactices. This
project reviews global NbS strategies, evaluates ecosystem services, and
develops a planning framework to improve flood resilience and

environmental quality in river basins.

2y NbS Development and Current Implementation
International organgations like the EU and IUCN have advocated for
NbS since the mi@010s, addressing environmental, social, and economic
challenges while promoting ecosystem services. In Taiwan, policymakers
are adopting NbS principles. However, misunderstandings of Nx®ptn
necessitate clear definitions, strat

and cultural context to ensure effective implementation.

3y Establishing NbS Planning and Evaluation Methods
A toolbox for NbS planning includes processes, templatesicaoisl
tailored for floodrelated challenges. Ecosystem services assessment
models, such as InVEST, quantify NbS benefits like water quality
improvement and biodiversity enhancement. The IUCN NbS- self
assessment tool guides project evaluations and desigifes mghlighting

A-1



areas for improvement.

4y Case Study: Lanyang River Basin
The Lanyang River Basin, covering 978.15 km2 was selected for NbS
evaluation. Key challenges include upstream sediment disasters and
downstream flood risks. Measures such as wetlaestsration, floodplain
reconnection, and habitat restoration were assessed using tools like INVEST.
Results indicate that NbS significantly enhances flood resilience,

biodiversity, and ecosystem services.

5y Draft Guidelines for Watershed NbS Implementation

A preliminary framework for watershed NbS operations aligns with
Taiwan's unique conditions, integrating ecological principles and local
governance systems. The guidelines outline core values, planning steps, and
practical methods for implementing NbS @t of climate adaptation and
disaster risk management strategies.

This project provides a foundational framework for integrating NbS
into Taiwanbés watershed management,
evaluation methods to enhance ecosystem serbicebyersity, and climate

resilience.

keywordsaddNature-based Solutions (NbS), Operational Guidelines, INVEST,

Lanyang River
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Yy B, {1A dvn BX NbS 94 9 MY
= cd ACDQ | ~Y h=o CJ)'H NbS
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(Naturebased Solutions are actions to protect, conserve, restore,
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coastal and marine ecosystems which address social, econothic a
environmental challenges effectively and adaptivelywhile

simultaneously providing human w4dking, ecosystemservices,
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(Low-impact development, LIB) KA I . (Water
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2-1:5 CA EJ] Y ww dDumitru & Wendling, 202¢

ce Naturebased Solutions are actions to paif sustainably manage

and restore natural and modified ecosystems in ways that address societal
challenges effectively and adaptively, to provide both humanlvedtlg
and biodiversity benefits. o
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benefits) (CoherShacham et al., 2016; Coh8hacham et al., 2019)
NbS E° |(NbS conceptual framework) Y NbSCIAKun £ X
(CohenShacham et al., 2016; Coh8&hacham et al., 201®)
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243 & -t WWNP n AAY NbS |y (i n:=dEA, 2018)
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%D 1=y UEAWN ]
501 Ayn QEL s H Yy H
T &8N 9a4H emA Yu w0 %YpcA i
ZM. 4 |[MACRA@QECRAE&ET . A = @
-t AA% N NbSA |
¢TVY:> 2017TWWY IUCNG Building River Dialogue

and Governance (BRIDGE) for Civil S8iety Organisations the Ganges

BrahmaputraMeghna (GBM) river basins (BRIDGE GBM) proj&ct

_ M 25 W p AE 1 (Civil Society Organisations,
CSOs) W pxx 0 €= CA 1 LIW] ™ AD
rt3F CSOs , GBMAxx Q W , WH MA
Wiy EQ oUsr Y0 Baw>, W
GBM x AQ° L X140 Tt @¢3 21+ P

20 VY L Wy YyUAEéM ywné~™ yuauy

AL u P, I CONbSj > A %

X

1
=
()

neE  S)
2~ N N& ’ Oy = > iy k AM 10 &
89 oA V Ya & il Y z . d Mvn
upl B "Hx 1 xAAYV™ jéd vw n A
i & 2(( 12)
3 "N X uk=AuslN N ' OAN éno
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AFMYn W ( 25YKWLA E= co |Fnm
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(=) . (UNEP)

(UNEPY 201471 p e Green Infrastructure
Guide for Water Management: Ecosystbased management approaches
for waterrelated infrastructure projegtsY 1 & 0 2
|} (Green Infrastructure, Gt k% & T F 3
A fCOL g 10 3 6 N A @
Aw OH Al 2 Y ® & MmN Yu d
y wemM y' NQ A& wz®
n N&d Lgl 3 e FA a” WYay3 "y
MERY =~ = ntT &89 Jut AXIT ALt TY
" W3 B fAz o YBq . A
/Y y K CJAY u T Wgo T 7
AT THL LYpl o k= = I 1Al
Y ‘ N 3 = uGCHhAw f °
A 1R v o~ ¢ A HL  ~pY Gyl
T 8 3 Lty n =« Fe om N
A CAA” "HYut 1 NAf 7 E i

2

()

W z

(ww)Zz~ N W
R RsA & Green City, Clean Waters F 27
y RO & B MYXiI w?Rd MW nY ¢ IRd
o EUEWNH» (Stratus Consulting, 2009)7  ~ AS
(USGS)" b~ =M 9 Ac>d>Aya3 z A leakybarrier®
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B R Al QY% B[ N N MAs = &
Y € | R A Y WB WE AW
IR FnRA (White House Office of Domestic Climate
Policy,2022) ° A =~ W/ 1€ D ®F Y, »~ 1 NbS
Yon' o B 0 HbE W W Yul o AAx

u~ @5 WEtAx WE Y ~B o
(European Environment Ageng021) ° Y & Blue-Green City
Hamburgs 3 Ay "HE =2 Vv 7)) T
Yn R4 Az ®@ 2Y , 2RI M N A
/A (Kabischetal.,201§)1 ;Y M A Rd a F Rs
| "y T & md Y c?Rd A W &t =%
v yB W & cWM _  f w3IXek=(L&lLi
2019) u WOYY =2 F FA .~
X % L vy c Rd A & AYtn Z°
AR w3 A Bl
° 5 X *AY . M O f @3 oy
M ud N Nbs T vAY OY uve Q

D . e B A ®kM (European Environment Agen@021Y
7 "Hin A (River Glavenp 1 [ 5V rCMOF A WY
& -« A Y[ Ax @3 A A Y
c?2 ® 26NQ AYAy D> COJXNXI B M N
AR
7 B YNbS B "H m0 ¢ A B
2L W Y A9vVWUOAAMIE R Y cEd™ N N
[ ® W M@H ) rp & Y B 2
€M of Yu 2 ANQ NHEBdN
2 (Murcia & Guariguata, 201%) R Y3 °  nnwA F
Aes B | 5@ [ " & 05 A Y w2e
MM uB 2 Y 1+ b ¢c? ° AWM N& (Opperman

(0]
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etal.,201d) M Y ex AcE 2 2@ Qy
[ & M Y 024E € oM Yu [ =
BAW N f (Wang & Shao, 201§)
Case Societal Title Location/ River | Ecosystem | Lead
Study | Challenge Basin Type Organisation
addressed
1 Food, water and | Securing community land | Hail Haor, | Wetland CNRS,
habitat for | rights and restoring | Bangladesh; Ecosystem Bangladesh
economically wetlands  to enhance | Meghna river
important aquatic | biodiversity and ecosystem | basin
species services (in Hail Haor in
Bangladesh)
2 Water and food | Improving water security | Datia Semi-arid Development
provision and farmer's income | Watershed; ecosystem Alternative,
through integrated | Madhya India
watershed management in | Pradesh; India
the Datia Watershed Ganges river
basin
3 Water, soil and | Demonstrating climate | Teplejung Mountain International
pollination services | smart agriculture to | District, Nepal; | ecosystem Centre for
enhance the resilience of | Ganges river Integrated
large cardamom farmers in | basin Mountain
the Kangchenjunga Development,
transboundary landscape Nepal
4 Food, water, and [ ITC Limited and IUCN | Munger District, | Flood plain | IUCN India
nutrient recycling collaboration for reviving | state of Bihar, | agriculture and ITC
traditional irrigation systems | India; Ganges Limited India
(ahar & pyne) and | river basin
enhancing ecosystem
services in Asarganj
agriscape
5 Disaster risk, | Reducing landslide | Gandaki Mountain IUCN and
social and | disasters and creating | province; ecosystem University in
economic livelihood Opportunities | Ganges river Lausanne,
development Through Eco-safe Roads in | basin Switzerland
Nepal
6 Regulating and | Engaging community in | West Bengal, | Hills and | MAUSAM,
Supporting design and implementation | Brahmaputra Flood plains | India
Services of land-slide and erosion | river basin
control strategies in the
Teesta River Basin
7 Control of river [ Community  experiences | Rowmari Flood plains | Oxfam
bank erosion and | with the development of | upazila, , Bangladesh,
floods bamboo-grass based | Brahmaputra Gana Unnayan
embankment to control | river basin, Kendra,
riverbank erosion Bangladesh; and Bangladesh
Chandapur and NEEDS
(Banara River) Nepal
and Bibapatti
(Chaudhar
River) in
Kanchanpur,
Nepal
2-5E 1 VDAY ns COA KTl W( n:>:Sinhaet
al., 2021)

K 1 THn AA U
A . HWLH YBHq

bW
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[
y To W ng
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TAlLMOY Z @b CEunu YA A E awo Y
A AN 1] o & - 0 Ax @3
2y A Y W ® 2MNQ A{AYB Hunworth
Meadows @ A € x9dA A KO-, O LY @3
B "H hYu oM, AY A
EB 2" %#3AxA MWN Y F7? 1 %8 &
B> Ae MITQAY M N § (
é R)X"H | ~pYAHHAA] 3
S A é ARY. I XI cWlNQ
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yo WL "y X % yin o (0)%
WuA = ol (RRE’ =¢ Y2020Y1 B W éNQ
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5~A = oll
A Az oYB50O NH" A TéU Y |
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uChA = CEN N A EY n o
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S“AY a L)

6 M N& A T/ K|

7~ wWwo/ FnLYyzcd >i KBz
8@/ y M1 Yy W |

13- N Kophz=zv 4 Wy OfF |
14 ~ ] K®yo |

(—n No K
hC€ TW N X f(The Milennium Ecosystem Assessment)
et W N AW K M NM BA AYKnt x €0
bw & ( Vy Wy IEDY W ® B9y omy
y QY k=& (E n"d2yT, WAy wu y "

o (v ¥y 6 0. ) W &dmoés A

n 0 X"H YT Ag qV 0N N A

w (Reid et al., 2005, TEEB, 2010) Pep Y =3 AA
K & = wih N Y 1t =W N O

(TEEB, 2010) ( 2-7)]
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B kiR m SRR
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m ﬁﬁﬁi%ﬁ’]%b’”
~\w%3m$'+
2 ] Y4
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b ] E
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m B ABIAES
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FEEEEG I BESHY s = ATSEEAN - AEEuR )
BT E TR i A R RS A T o
s A

22T N® W N D i (1 B :=: Reid et al., 2005)

N&d =~ ByWwtE (— Y2021 Risetal., 202@)
& YBy~ KA

<

k3 & Y *uo T A3

N

1

m N E£yH &AM N& £
, _ _

L

3. K A T1d ChéELzY | 1 Ky

"ODAAYy K A YW oM N&® A 1YbHq é
11

4~ KM N Q db KM N A Q Ylj-l—||7|Q

yoé6d oyVE vi o |
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(Pascual; et al.,

2010, TEEB, 2010) ( 2-8)db(1)1'Q'Q A (Biophysical approadk
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(2) OW . A(Preferencébased approa¢ghyl QQ A nh W
> ARA Y N ¢ ;- HO AQ D2AA M

TW : § EVy HQN® 9) ° N N& &
nQ f1Y CA s = ¢V Q AQ >ALNQ
Q no = Al PKAY~lqe N NG

2 A K 1 (marginal valueoG & & 7, H® A FH
I, 0A 1) AL = A PKTH ANQQ CHAY
b9 n ¢ (Costanzal980y n € (Odumetal., 199§) n
¢ (Naredo, 200§) U R (Wackernagel et al., 1999)Q xun €
(Daniels and Moore, 200%)E" ¢t (EEA, 20068 W W
W 2 AT n (Human Appropriation of Net Primary Productivity,
HANPP)(Schandl et al., 200R)

T 0nQQ AY . cv Vv 0 W PLA £Y
u OUCMd b 1 UMWAo L ™ LN
A 1° COl T KWAYhAY W €& Wuyz”
N N A TTOKKWY, 1Y o W3¢ W N

i "H uA G|

N N 1NQ A (The Economics of Ecosystems

and Biodiversity TEEB)v 1 Total Economic Value (TEVl K I
N & 1, TEV ¢ t = A S awH MAHX®

A 1TME( T )L u® x(serviceflove)A 1t Z
WA o (marginal changd X T Au H )
o ALOLV"S ~fq MYWANB Wi BYW
Twe 1 K td ae”™ wxnA ] °
TEV | MY N pMN 1TntzZ€ dvia 1 (use
value) T vin 1 (nonusevalueyvin Tqut’ vy
vV iy 0 1L vin 1/ Bz yo©y|® 1Yu
Idw - nQe AéMm No B Youz W -
H WKW u® H A R | TEV ] MB NG
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ZzZXA 06 2-4]

L 2021 T a > N (System of
EnvironmentalEconomic Accounting, SEEX)1~ | 1 N &
mttMo~ ndb W AR Yy é m N Ad W
UzXno 1TAG® (https:/seea.un.org/ecosystaccountingY u

X yn é nm A ..wygr AN I NE

EA™ " L] SEEAd U° XM~ i bW N v
N NQIyM N Q =myWN N y W N
mYuXKaon’ o A | SEEA KB "H 70
K 1 O / Ad &f x|

N Q. neéewu N o 4 A T A Xy
(Intergovernmental sciengmlicy Platform on Biodiversity and
Ecosystem ServicesPBES)t 3 K 5 w A (Natural
Contribution to Rople NCAY 0 43¢ E° Ju K NCP 1]
| ~a 1 yeXxwun ¢y~ @ nf A~

AYuK n°~ M Yyw ' 64 &8 / Aaw)] Z
IbzXvYE  t o
1-'Y & T A NCR

2~ numnénN 2N .WNn NCPA a 1] a
1v° " oG yi 'Ho AWY ¥ ~ Cs=
1 A o X"HN" YW & Q W TlEDW

Y APEW /¢ A T |
3+ K NCPA o Y W Nes Yus Zexi)

4 ~ 1 gd awé f i
5~, . a’ NYBqT -~ EADE™ yA
nf |
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g‘g E ERRIFHT % EIRT A
sezs trizEE MEHFE
Output value i Insurance value Physical consumption
v v v i i
m RS SR ERE A A e
i Resilience value Physical cost
- fRIREE |
e & -
i Lexicographic o —
preferences P RE=(Energy)/ me/
BiZ Sz ) EEER B/ FL/ Probability o Fi8E(Exergy)/ =H/
THEE TREE (quasi)Option value At EE SEFAREE of flips BE{E(Emergy) TihEE
a1 mmal || A | s 0 e ||| ewexesr [ mams 1 mmmew
i Market ! b | ! Contingent ! Group valuation  [[[|! Regime shift analysis [t Embodied energy 1 | Material flow analysis 1
| Analysis 11 peoksE ') BUEIALASE 1+ ) valuation i ' ] i | b i
| L. i: ' 1 Mitigation costi i ro mEEHE L HEEEE Al A ABES 1T i L EABIGL AT !
o i AR & L EEEE i | EFFERIE ) Deliberative i | Adaptive cycles ||l  Exergyanalysis 1 | Input-Outputanalysis 1
\ : N ! Hedonic prlcmgI ! PR AE ' i Contingent | i valuation ! , ! , ! ' N !
E ! TENH :i i ! Avoided cost ! i election | e Panarchies i i BEEAHT b TRERm
o (|1 Production i pe gy ) eeeeeoee b b EaEsw ||| | Emergyanalysis | 1 Feological footprint |
praneen L ; le=-=----=d 1 jointanalysis | |f][! [ By A i bmmmmmmmmmmmme e t +inEE '
. Tt i Land-cover flow i
RK
td N N . "
i i T B/ T IB B HUOARIEZ EjlEgEE TZESRE/FNE
o Neoclassical economics/Market theory Political Science Resilience theory Industrial ecology/Thermodynamics
2811 N® g CHA (I B =:TEEB, 2010)
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® 24TEV | t1 N 1 0
n QD W Vi Vi 1T 11T v 1
W N Qy y NV
NQo vy vy Q NA Q NA
;Y B
ES -, y &
ym y=
_ _ NA NA
kA vy |y ° °
O MF
no no y4 y
Oytv y 1 Q NA Q
K=/ | N ¥y K=/" & Z- 1AM N w
; yE no K|,
NA: A a)
Q3 vavYWw E tAMW N B F 73 AYE
T o pnéE o FRWEWWYu N N Ne€E
Y ~ 7 Z o (Wang et al., 2021; Kumar et al., 2018; Shukla et

~

al., 2020; Shukla et al., 2018; Peters et al., 2019; Wu et al.,2020) Y

n N wZ WA® Y o W Msé A}
Dang et al. (2021} p wf U AN NQ& (ecosystem service,
ESYE oY « bpptawas kAB 6 X A=
kK A) " A T NS¢ ( 29  2-10} Locatelli (2016)
TR N& ( : | 2y QQWE' = 2yn QY
! ) é 5N X" € Yuyo "t AM
ANYWM N q & M & wkANM A°
(Munang et al., 2033 Locatelli, 2016))
Ekka et al. (2020) X A x N N AT n Y
2 Ax A A4 N N& N A ...(& 25 ¥n Y
SwWos Y i MYy E" °nAB ¥ A oy
t RATTAYyA=AB Yy 0 y=+VY Y N un
mo 1 272 Y L.wY M ONG® TP
1Y 80 m n A1o |

2-24



10°0'0°N
A

IOO'EHTE 120“00'E 140'9’0’E

> &
A A
N
Ecosystem
Agriculture
: Agro-forest
_‘.': ° Forest
Phé}nes ® Inland water
% ® Marine/coastalisland
%’ ® Mixed
_&"% ® Urban
. % e Wetiand
rl’)
/’ﬂﬁ{\_ Y W(._}
ngﬁi @ n"r
% Mataysiay ;
o Lo s
S ot gt/ { 5“
\ . ey 2
N\ - (. lnﬂonesu‘j g\;\
Q\\. L&) "7"1 6e { “?"} ‘ —~
\\\ o Sy St “"‘3‘1 E\r
® e PN ’91
a = 4 b e )
“‘\QW@~ i £
Indonesia - o
Vietnam I [ S
Thailand IR S 4
Malaysia IR | 3
Philippines N IR | 3
Myanmar ISR 4
Lao PDR N 4
Cambodia N 3
Singapore HEE 2
(b) 0 5 10 15 20 25 30 35 40
' no. of case studies
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# Indonesia ® Vietnam ® Thailand w Malaysia # Philippines
# Cambodia ® Myanmar ® Laos ® Singapore

Maintenance of genetic diversity
Maintenance of life cyles

Information for cognitive development

Supporting’
Habitat
Service

Spiritual experience

Inspiration for culture, art. design

Cultural Service

Recreation and tourism

Aesthetic information

Waste treatment

Moderation of extreme events ||
PRegulation of water flows
Maintenance of soil fertility
Air quality regulation

Pollination

Regulating Service

Biological control
Climate regulation
Erosion prevention

Omamental resources
Genetic resource
Raw materials

Food

Provisioning Service

Water

Medicine

(=]

10 20 30 40 50 60 70

no. of entries

> z

2210 1° N N® £0, W  MuX (i n>s:Dangetal., 2021)
Ekka et al. (2020) A /1 N& ut wo y )
MoW UK=® X€ (® 26)YB7 NQN YK vy
y NANYywWw Q

<
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N N K £ XK NbSi A " LlzVYHjy
INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs)
€ MAES (Mapping and Assessment of Ecosysterviges) £ u

£ o NbS 1 N A YW W B ¥ | &
NQ n | Seddonetal. (20208 Harrison & Saito (2014) i

u £w K NbS’ 89 o0éz g L MAI Y
ullz w3k y tf 7 NoSAz i L. "B

CE KHteé « NbS@As/ & =)1i Y Iz, HEG
RASE Ai n (Land Surface Temperature (LST)£ )

K NbS A z mMz X~ ~ Wip| Geneletti & van den Berg
(2020y © HEC-RAS £ K NbS™ twemmM Al QY-
Mullaney & Lucke (2019) @ n A | nwueé =
F woRd A1 Al Q]

N PoY/ X Nt K CAYHz n

-]

N XKYZ n NbS K A™ " |
Raymond & Kenter (2016) i n’ W Ll z (OpenStreetMap
U GISW]| uyunén NbS AD> AY N WA A
u YPbP, e L Nesshover & Lindhjem (2018) il
ChéE N K° 1 KMA aY WBFYAI Q K|

Kilzs . KCHAE W YbHq 1y

né r | zZhang&Li(2021) , . LIz (INVESTy HEC-RAY GIS
W . K NbSAI Y N~ e <A KllzY , nt
NbS N N& y M én | Col W ] u
Lz&CHA W, ny P-A K° Jyxtogy =
CA, " i YutT f wT Vo[ ou Wz

AE &1 @& <pAil Y t Yy 0 NbSAZz ]

A
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M n (  :Ekkaetal., 2020)

.. W ® D) K=®Q mo®
AY /E - — =
‘oﬂ A kD ek 694 R E R @)
W b W o p) W MNd NI ®

n ® * *% *kk

| ® *% *kk *kk * *% *%

"
R4 LU F ! *ok Kk Xk * *% *%

W ® W no w K=
N QI % | 6 1 E |
s W A o] no g E p)
| ® % s N 2
10 W k A R 1 Y
= Qw - a
(=) IUCN NbSy; sA KLz
U IUCN A NbS r YIUCNO =+ KLz (self
assessment) (https://nbat.iucn.orghf O 8 (criterion) € 28
r (ndicator) >Y KwvykKw JJ ° K« <A . NbS
M <YHri Wd . = CJDesign new Naturbased
Solutionsy ¢ 4 _ n J1 R (Upscale pilots by identifying
gapsy kKA ~ &awA (Verify past projects and future

proposals) (IUCN, 2024)
1 X 4 MmN ( 2-1D)d/ R (Insufficienty u
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- o~

(Partialy R (Adequatg) (Strong) uw & V YVt dony
y 2y 2, wvyg “h ORwWwM Y, AL T
s ypQQEe WA H " h CAHC M W]

<

LY An Yu 7 & w A I 1ucN
7 N AV HA <] <Ap |
BCMH M YT uilRY/ t 1, IUCNA NbS
@1 L ~Y =r KUlzuf no Yoqr t W

IB 04 @B . NbS (Le Gouvello et al., 202B)

I Key (%) Output
. 275 Strong
250 & <75 Adeguate Intervention adheres to the IUCN Global Standard for NbS.
=25 & <50 Partial
. <25 Insufficient Intervention does not adhere to the IUCN Global Standard for NbS.
2-111UCN NbS sSh Kz 4 wuN
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t 090U O K cdA
CyoUs Gal z
I Y hkh O Te3YKAL M
E /LtAYA9 Y . ® HR3 L. mY3>"H ALl
zW ek T +oYu s ESVD (https://www.esvd.nety) ValuES
(http://www.aboutvalues.netly 1, IWRM Toolbox (Integrated Water

Resources Management, https://iwrmactionhub.org/)l z LA
MLz WANbS 9 yNbSAYy & T Lz i) Lz
9 3 Ay & Wwa NbS XEE ué IUCN
ANbS YB "AYK t B u'H BY v |FLuy
Y = CO K CA 9 A ML NbST

Iz i Bz Oy 'Y Deeksha and Shukl{@022M B AW
N @ Kllz (® 3-1)Yu ) BT, NbST A YL

z Bz y ny T Wy oy | i L.nYUz

"H LI (HO we)NE B K van X | ymay®
Wukk nynm N K CHAJ,
(—z Nz i

Allz nNilz i ( 34 we &M |fw oH
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A

1~ X i | 9 22U

i L NbSA E via N A n’ Y NbSA
It 21pYpze VAR ) 0 Nn° e <A

M Bz  NbSATt |
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Kry Z° g gyB2bhz1 f  tuzy |

LCAW L IUCNA=SA Klz] @373603 1149 u
n f t iz}



® 31N N® K1z ( > Deeksha and Shukla, 2022)

Ll z | 0 Y
Lz

INVEST T 0 Deeksha and Shuk{2022s n |

SWAT -

ARIES T

LUSD-urban |t

SLEUTH T

CLUE-S T

(CLUE)

CN X Deeksha and Shukla (2028) i YY oy s m | K
) b CA-Markov (B2012)

MIMES T Deeksha and Shukla (2028) i YY oy s m | K
t dbMultiscale Integrated Model of Ecosystem Services, MIM
(B2-009)

ESTA T Deeksha and Shukla (2028) i1 YY oy s m | R
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“Mature-based Solutions are actiens to protect, sustainably manage and restore natural and modified ecosystems in ways that address societal challenges
effectively and adaptively, to provide both human well-being and biodiversity benefits (Cohen-Shacham et al., 2016)"

E 5); ﬁ;} E Y iE FEARETBREZNDSINE TEBRFRE - EEH - MEAMSLENETER CIEMABRRELEEY TR
IR —
7 HEF FEﬁ ‘(( )

Nature-based Solution Profile |

21BN : HASENTE L8 FERR AN AAR R AR TRER

I Emae RABLASHEREAAS i

e e B Cngrmames xmem  mEan

B ABARARHENE - S8R5 - ANE 7 DRMBEELBRA TN - BRI
7 YRMB- B SRR DEE AR B IR TE -
NEEAL

AtERERERE " @Y EES - 5 h - R
& - IEHAREL -

EER

AAEFEREIE "B MEESE - 5 - ®
& - (REBMNIRE - ERERIELURMLER
F 85 -

32> @9) (I)(C)

3-10




Py EIAEASMTWEEDTE - 2EREE TESMITETE  EREIUCN NbS BB e -
E ﬁﬂFEﬁ'EﬁiE( ) EREREIBEEESN  IAISAEDINDS - BREEET - LUBSHNTE -
AN ZRTAMEAZE R/ M EE—RE T - FR TR R e e, -

Nature-based Solution Profile Il

HIfEIRLE G T (R ELL-12) ; EAEEN

AR R A ] AR T kB T e R—4EH

BEMTEZER  BTEHEZNE  HEER/

1
1
1 g mrEmErsAET R s RB TN Bk T e cmEED  RESSLAASEERRA TS | EERERE
& O(EREL]) - FE hE - 20 AMIEILE SN S ESERENTE - LT 4
Be SRR - - £ EE A F WFERRE—h  EREMI NS TETE - T EEEREY  BRSR
B OfFf . LRHEREASHESET - €0 MUERESE(IEE23) - HEHMERSS | WAL -
(LE#&HC ; IWRM Tools C4 - C5)
. BB B HEER - LB . e £
WU Al T i —E - e 82 2RTNDS TREIERENRN RS - DU ERE) - PR e P
EZRERMEEMER21-23); SERAREEE  gEw)) BT s 5 S (E#22) - ;fﬁgggiﬂ% T‘"‘T‘sﬁt R

2.3) ; ERRIELARE(RRE2L) -
RAHRCERE | SR lER -

EEELIR . EIREER -
(ZE#EB ; IWRM Tools C1)

EFHE R, | SR ERELE -

(LE#iB ; IWRM Tools B3 - C1.09 - C2) AEE?&/E% FA = ﬁ;;; ;;%§%+%E§HLKEW1%§$EEJE
£ £ 4 I BB A IERE (L 3) ; SRR EE S AREIEISE AL - RELL
I - R ) ST - (3L - 34) RAETEBNE N - EELTE T ENAR
EEHEEEEET (E%21-23) - AEHRE BREBIE S iBEIE . NbSEETREHE - SENbS 2 - R
(m251-54 - 61) - RPN ERET(=E ‘ :
T 23 e E e - S - (TE#B1 ; IWRM Tools C1.05 - C1.06) A -
= EEESE EXOARE e e ,
et R MEEA AT - W) - ARl - fRNbSaE |
*ﬁl ﬁmg'ﬁ’#l& S32-33-01- 0 BR BEHEE R
% AIEEF A HABAERA TS 5 - TR ERAEREEEEASESRE
F EAREATMAF21-23). UOsREERE UL 5 A et (lE#7.3 - 8.1)
= FEIESE - inEiE) (122£2.3) ; LAEFRS B /e
TEE T - SFTFER -
. B AIEHHE - MK - HPFT S8R ((FE22-51-55) -
Bl st gXnAng - HEMsEmaRE (s 60 ARt AR &
? 5 - AEEEEEET ST ARFEREL) -

i &= /3 T B RR ] F
EAS/ 0 T EESHBEET : ANSMOE/
TETF(EE21-23); 4 BB LERET (L
3.1) ; IATFIRUSE 2 ER - A4 FH -
BFHER AL  EXWABE -

o o o e e e e e e e e e e e e e e

REHEARE - SRR RREL -
(IWRM Toals B3« C6)

B OATIE
ETMETT  EESHEEY (6E )
BB IUCN S22 4144 -
{IWRM Tools D)

;B

NS I EHEALBIEAL ~ S5 249
= - IERRE ZAEz - BT

7t ; BUR s & 8 S g

335 G OO)

3-11




g ;5?‘_} ﬁ@ﬁ %ﬁ ;E(E) ERARE—RERTBNDSAR

Nature-based Solution Profile 111

HEER 178 SR
EREREEER 7 KE TEIaB iR 1TENER : AR - SISt
HMEE
R LR
EHPEEERERG -
MR/ RMAEA AR

345 GO @)

(Z)llz M NbS 9 x

Iz NbS 93 (3509 Yoh 153 cn e |
T ® NoYegw EWHDQ e ( R R
n Y2023MA NbS 9 x oL4x Qud X9 Y
bzh?2 N Ayh ®B 3 hAyhatep . hYRBA
Fp . hwuy [FLAR KAYZ Y= Wy,
nmygw 0 3-6],
) 2 ) & ¥ g
TR 4% % , . "
JC 1. #ufEMeA 1. EBR4E 1. M rEHAE 1. 2 3B Rl s ) 1. s EEHET R
2. BEABRAN 2 BHERE NbSH##T A 2. RIRHKFHFA Wi AR
HREAE G B 3. &R 4 BN B A5 AR MEE BAR
3. TRABK FH 2. oM E > 3. BRHNDSH®ER 2. siie &
A BT E R A HH R B2 B 1 &~ EBEAt
3. mEiksk Fo#] E M1 A
4, BATH BTG e 2
5. BEAE AR 3. W EE

4. DM FER

35A . M NbS 9z "H s ANbS Y x (i >
o R n Y 2023)

3-12



(

350 Allz NbS Y Yi P P
Y h=o CO ®(3)h K& IUCNA NbS K

C o L 5 K O A U3 A

'H JPK WsUE N oYdA o

3 edd3 N | = O o)hp L op

a (> § o £yq BEZERR
I+ M 1) A 0" nMtZU

1) | 89 E £(lz B IWRMToolsBy C1.0§

ClLOg C2L M Ll + 73 yn YW N M AToOW

= ~

AYWLUUN BT . 1] N Ty dA

VA A ] WWpy ° e

yi 4A yoAN ..WY CE B v
LAUXYuolYyuy A E £YW? L CO
K " o4 ::nuAh® ~ HéER hol K
IWRM ToolsA B3y C1.03 C1.09y C2Lllz Y. h b%-
- N -/ | (croopyh > A ...Wn ¢ (CL.O3fD
naAN Wy ¢ VA y A VA .u”’ °
O0A ¥y
Y - 1 M e X
ZT1 " E 0},
MIUCN A NbS 1.1t I3 0 =

~ -

5 o~ Y ~

x"8é8&a -~ mAn L LcuY ex 7 " Y
a7z = oL"1tod90 AW - N-N

I (WRM, CL09F h > A .. Wwu ¢ (IWRM,

C103j A o}
t eodadr . | s GO O L W

s i Wy a (o n o £V1 Ly dHd

g 7t M 1) A +pzwtXELU b

3-13



@ ) o L a o y T 0ot

K CJdllz C IWRM Tools C4 C5),

2 KA, XA Oi (lz B IWRM Tools Cly
wnw XM N (lz Bl IWRM Tools C1.0¥

C1.06y A / (IWRMToolsC6y W 1, Z Kp ) (IWRM

Tools D),

@) p ., W al o HWom BY".
P. B Y/ 94 /| BAW aH B
PP | and yAVHA nNosb ~ P Y
/T u L, wyqQ , I A uy Yy
o 4 A "H wn&: ¥ A (IWRM Tools B3 C6),
(4)a & K aLatr G »>2iyW XM N
A K Ch) K (baseline) XK @ N |
0 YAhR ahYWw ' NbS R I ]
N .7y e al * A A a (IWRM Tools

C6), * A A a(IWRMToolsCé& C2.05) Vv Llz
A h SMART AR Y™ E LUw z y XK v K

oY, Nt Y XY Ar Y
Ay z Y Specifior th3 ¢ AB H R
¢ EJ

By K Y Measurablg @3 H K 0o0AY'H™ 3
w6 K A /]

Cy K DY Attainabler b3 T AYu o0 W
DfF A p K

Dy Y Realistiog b =~ K Y y WV ¥
y€ XYawawk’ |

Ey+ YY¥ Timeboundgg 3 H X Aw HY A
b+ |

G) GJ}]. f 7 ef ) DK w

3-14



N

Al @& Y *"H AP . T 0Z° cO

DIy P U0 -yex £

s L ZMY =y JAK GO & =(scale) *
(scopex |

VY | E £ENRH° "V A& 307
N h E 0o, | ]
4~ x oG & PL Uy . BAYHzC ' a
o P mYuV L@z |
5 X o K | K a D1y
KW XM N ] A Yorxan ty > A
"u | XH"/ 3R N § E n o, |
YOI £ G n Kl 207 LIW]
e A K NbSp | Foygxx

AB 3 YW B 3 A >2l11mY B A
MY X W Ny + £t MQ 1 WE D21 VYW
4X X S d | A L1 ec¢cTmC T "L
W o NbS p | P00 ¥ Y 0Amné
! FYu oA WA ] A NbS W
Ny & M ynQ neéE W T A ANujg 3 X'H
Yu T X M Juoy /1 NbS P
n ¢fL LY e nidnQ H Y, NbS A

Ox0Y WwWB AB |

3-15



Ak 47 jsj_ ‘-5 '*D AFRERBEHEEARIBRC) - EEIUCN NbS BT A= -
EMGQL'F E~'.—_|-_A/J|L

EEE

A BT ERAREREEXS
R - HEHRIEESRERS - BEREE

e
THR&G )y HETEHEE =l HEETHAHT ==l SHBEITG
BHEAE
ERE kB S EES = - AARSE
EER BB -
R . BRI
BEEFHEETHEEE A R ERTEEAR R - BEH A o}

R -1 ERRRZENEE

fFR - LRI RERIBEEEF -

ARE i B R R

IUCNBINDS 12211 BIESLER
EMFEENZmEREYNTE
-

wi/ R R wE/EE ; L
BT -
ﬁlﬁﬁl‘“f’ﬂ%ﬁ%ﬂ

E LfFRl iR E e -

SIS B B BT A
WHRME - NEE/ R
WA E AT 5 - SR
= B e Ak - R R ARAO1R
i) -

EESE )
EREREE - B3 RTHS
EE)ER FEESE -

REBRER AR
R EBEELE

r‘——lgg-l-imﬂ @EH%&F?%J
B THEERE LS - THRE
S5

2P B E AR BRI S A
R ARG AL/ R 8 aE | e
BERGSORIER ; WF =
BRE R

Rk R EAERR
BBLFHN = EREERIEGE
(BENDbSEIERE T AL - HHRE
SIRIBRILE -

WTERERBG A EREFEEREL - A

IR RN — S

36 H M NbS d

A®d ho

3-16

WO o(R)hvn)




_ Lz NbS Y ( 36)Yi P
H Y hs O oR)h( 33 & IUCNA
NbS K YWuyllz ivnl
5 M N Bz 4° YW K W & HemW A
/

@ Y' O0Ox BANQWUE W L] ~Y W
A MY AxHY W Ny Yy nowuyW
N N Ay Y =~ v N ON&O W Ay ALgq’ VY
QT W6 A = FYL? 7 oA Y Yu
Xtng O / M &A” Gl A N NO
= CO B I N1 ~ WYy - N N
S Ca1 AY Lg 9N N® U= CO I
L
(—)NbSE M1 NGO ) K G
» H = O 2A Mw &~ | I
Nd Hzk W y ek CCOlAF Y » BARNTQ
ew n W "HA | Y W oA YA i
HY A "Ny yh moéNM N& N Ay
Y -~ x N N Ay ALt ul Ys
CJNaturebased Solutions, NbS)E i 4 'H MYDO’ [
> WB W N f u c¢cx A 2|
o H TAeWTH [ X A Ay 7/
MA |7 Y= cO M Né& &1 Y355 BYX
T ¥nprp W NG S GO VYXt D "HX =
CO U W & A Yux 0L A uf (Keesstra
etal., 2018) . 37HyY E 01 A= CMA
Y 2 ' E nuyY 1 Q Xt O 2|Y B
OA3AL, K ' T AsS Y X A |/ x

3-17



to wl NayY DAYHR ' Wy =W N
A3 | . 1YA x H Y 3
1 B AsS CYWu T AN N

AYuWt S Cco Founm N

Kynl
Ecosystem services I P

Carbon
sequestration

Agricultural
productivity

Soil-vegetation solutions
Agro- g
Organic
Land -
ature based solutions}

in land management
Sediment Wetland -
trapping restoration

Landscape solutions

Biomass
production

Clim ate change
adaptation

Nutrient
regulation

Fire risk
reduction

Biodiversity ‘
S

Ecosystem services

37N N ) Ca1 (i 1 =:Keesstraetal., 2018)

(=)04 dM N& U= @) M
= CO u aQy z 3 Y2 0K

nGCA KZXK i ZAU Y@u ~ NbS W

Aqx . Nb§ nTuYA dMm N& KYTWEN

T Nz ~GOYouy ¢V NO p WiL
K 3MN¢( 38)

3-18



WA ETENDS - EEEERRE  BIERES A

e (E®)

Ap s

I

| B/ R/ R
I
I
|

ERERAEEZ
BAERS

FILEEZER - 2248

RSl AE® (JUCN

NbS/REI7 -« Seddon %
A (2021) #5/@82)

3-8 -5 CON N®

(=)vn KLz

INVESTE HECRASTZY "H @0 NbSi KA~ U
z (Deeksha and Shukla, 2032) Zv LIz, z Y X
KN &< £AM N& Yu W N o k=Y 0

for € |FNbS: zx™ ~ ]
INVEST(! N & oM £ o n)fS41 0 GIS
A O n nNY a0 oW N&® Y K NbS®
tAi Y ® B V¥ lymaqQ A |
INVESTA V4 0 Yvi© K nN" AN N
A w P K| hbAv INVEST N7 A
& M "H nay »~ tf 7 & o NbSA
z | L '"1uYInVEST P \'% n’
N N& A Y ~tf 7 W €Ak =]
HEC-RAS O" L (US Army Corps b Engineers)
AA =68 ol LIz Y o Axld 2 € oM
K]° NbS K MYHECRAS @ \Wwué é = f
O’ ek WG AT QL MLz A ARxp

LY K7 NoS |f( ° [ yAY VY ) e

3-19



PLA Y ~ o u || wemM COAI OV e
IRM T . NbS @& MA s YHECRAS W
A FRn Y t n1é& o0 ek L. 1Y L

T N un LYA 0 n INVESTE HEC-RAS Z v Ll
ZzW+t NbSA KLlzYo~™ 0wt v Od

INVEST . M N® P . KYBq KR

y lymQ f Y w3IngYA i wné]~ HEC
RAS/ ® HRY P € KY ' NbS s>
kAM COlAI W:un ol
2> b A i
INVEST A o . 6 A N’ b K
Y . 0A EL HECRAS/ . Z AR £
é =% n’ AAxN Y ~ non’ e
A @k 5]
3~k =T f
ZMllz WAUWG & QY td aw”
g E TowT vV Yk=2Z" € |FNbS: pB
. X1 Af )
o'H YInVESTE HECRASA . aY R
ot NbSAI K w X2Ak=VY[ o N A
"1 Ye z K& o0 @hRrv Y v hAot

> NbS K A Lz
A MY v i InVEST 0 x € «(€e =)yl M
& «(Mé& <)A NbSYWw KX N N& | ©GAs (be =)
/ vin HECRAS N . HSIYu é e <A 9 NN N
oYu p= Cdw 3-3)|

3-20



® 33, E & <K KMNMN NO 3
E é - vinllz K K 3
% INVEST W yE Oy oy ~ -
y %)
| KR INVEST W VE Oy oy ~ -
K zx ) y %l
A HEC-RASY R néyA y vepr |
HISYy WUA
INVEST £ B 7 "y My - é&H N N A
N~ M N EYWUCuU tLzYKnoAt ¢8y
q V u o p K QL InVESTf Bz "~ M K

(Habitat Risk Assessmefit)

v A

for Fisheries and Recreatign) Q€D | > A

Productiony | % | N (Carbon Storage and Sequestnayy
Q R = - X 1 N (Biodiversity: Habitat Quality and
Rarity)y KA o n | n (Water Purification: Nutrient
Retentiony W4 & N (Avoided Reservoir Sedimentation
Model) YuOX+v1l n P, LINVEST Ny @ 0~
wn BN W uy Y N7 s U EET
‘HOP (mM md Y2015Y ~ QTWY BXXUn |
( t Y2029 © 0 7 Y2021 AH 0
INVEST n W ul oy | | vy " . yu
E ' On CIAYuu o
I~ B ykA o 0
INVESTK KN  E" 270K W AT Y3
n" Ag 2@ J TR W YK N"E o2pe
TAx W8, AWM~ toU0 A X
Nt Yoyl ot W N MA C ~f | InVEST"
1 A D QWK 'HE oM A
Y'" nvia Nbj dsx R yE 2 Ny

3-21

n € (Overlap Analysis

(Managed Timber



WL - YW " HAWE™ °w t N
| L. uY InVEST nM CEq pTXd W

AE neY JE/ 1 ~ M@+l "H | Apd Y
n . &M °H | A Yqwl W Wi 8
W RE X%dpE |} ZM "
N m Wwudq Nt A QR (Tallis et al., 2011)
n13n3t, E > nm W U _ _ enl
A p — 0 (0 1)

onMY®tL, EE 2éd A W @t 7 i
TYjLE 2> n)YAETLN™ R AE °2nA YO
/L N° A ]

60w OYYOUOO®HMm 2

oYY — n 3)
oNMYBOD®, E 2 A _ Y OY¥ N
7 A B m YOoOOouw tn A poLT
t 7 mp Yr/t W ONkd wp |
T MY InVEST B ¢ DEM M = 1
(Threshold Flow Accumulation, TFA) Y i W MY
TFA1 HY n ¢k A ~Yun/ 0|
2~ | 2% | n
N N 3 o0 #®  (greenhouse gases, GHG)
A W " ASNY M N KA N €5
W Y., 1ot &5 MY o AT " 1)
2 | @uy N P 7 QEE M v
~éTh%| R L° InVEST nMY utz+ o
% | (carbon sequenstratioj) eT1T FB | A MA
F Y-~ | (carbon storage) r | ° B z"

o~

o "tMA Y Z C» v N1 OBES M} I

3-22



MA T H%| MA nnp 1y 2| AéT o086
- KWt AMA 1 NY zXT NYK® CE
K9/ N® O A 1L INVEST nqw

(Geographic Information System, GIS) 3 " n A | L,

E

Z

% | P  Yé&cC 7 TGS E 2néE
£ (LULC)Yoy 0 é E °2néFE £Y n ~ 3
wCY 4K A Y " e E 2mnéE
£A JWK M Win M | A L n 4t
E" oA | en}
0 O 0 0 0 n 4)
oNMYOL, ES >a'H | A = (ton/hay &
t° o NQ < (ton/ha)Y 6 t° 1t nQ -
(ton/ha)Y o Lo < (ton/ha)Y o t E
(ton/ha),
3~ 7 4 X N
INVEST W~ - XAWK ° o T A y
Wy oA Y tUWQ HA " L T o
L XRaxv, Yunt: N N T M V. No
n AT =y Ne A vy E
A’ A <] InVEST MY K n ° o &, Y
7L No | = Y/ Ne | | Ty
€EY o </ YZ °© 0o en T
0O B B 1'QT Y (0 5)
Q p % i
Q  A@b gﬁlﬂ”n r
oNMOt ° o <=YR' ®Ne _ | Yrt Ne
| YOE N _ | r 3 a Yyt Ne | | rA"HX 3
aYotN (I ~YQ+t+ " E 22 £ yMNe

3-23



o £y . .1 rn0 -YQ t 7 B X
Ne _ | rfl YQi £ Ne .| rn ]

oy TT LAQY H AR W
U] JUA 2Y1 0 0B 1M VY COW N

Y ° - Y " ; MNen t o

0 O p —— (0 6)

onNnMO LE 2@ £jM ~ 3 B xA;, YO
LE °n £jA " HYk1ts é Y¢S b
"0 e E€E13MNCYzIL £ YC t
29 N | | 07 W1~ = uWe » YzxWwe
NE > £ > Ea&Ne N nyY 09
> W oN y u £ W n ConY
y Efne AiNy y§5 o @A & A
Fol

4~E O 1
INVEST £€MAE * O 0V A BE x4y C
(Revised Universal Soil Loss Equation, RUSLE) Yin 0 K JT°

E tAE — M €e Q pY -~ K ¢
AE H (vE * O) RUSLECO 86 21 - @2V E
K f§yi = =yi =y ~Wy FL

9, $, RHFHFD (MO 7)
ZMYSYLDt BN AE =y (Vhalyr)¥ Ry Ky

LSy Cy Pun'" &1 — I VE H 1 Vi o i
-, 1y -, | &’ k. 1L
OO0 INVEST Nno~ 1nE °n T KRy
0y y . yE O 1 N N& p VY7
53N0°Y E 2@ NNOuy “E unXymnQ



L <!

SYyWQ... v 1 £ (DEM)y T M v
N <y QKazk y1 - I RyE H |
(K)yy E" °n P CymwE = I (P) T N
(& 34) InVESTTH N. £+ 3 N(Rastery A O
Nt., », N (Polygon) P Yue 7
AY N sw u n ..® & 35Hy H
V)] ® 3646 37 'Y InVEST i, A
Lz sw L7 nm®dyIYvn' K 5 U
5 W PA Y a nA 1] InVEST qwu,
dqE , ) "Hy |
O0 InVEST n MA U x N N A
QY. 1 YA WE H enMAWE' = Ly
Y P Aneée@@® 38),. EE > n £AWRE’ =
CA' V W YZT Tu RE’ = Yd w
& 37, Q VY, E o £AE H X J
( 39w ~ £tWY USLEP1 06 F3 075
» YE H Dt 139% ° CE F3 09YE H
/ 18994 ~Y o E H A ou
Iy AW .l. 1Y ~ N7 n Yy
WmE' = || P né K B F|F> Al Y
nW ARRE’ = 0 |

~

<

3-25



@ 34InVEST n 9 Nuy
N N N 9 N
1% E" sanXywmqQ..|d (. )
y 1 £
(DEM)y T (mm)y
(mm)y © N
=(mm)y QK z IR
(mmy NQQ A
E" 2 anXywmnq.. £ D (Curve Number
y 1 £ | CN)y kan (HSSgy
(DEM)y T Y (mmy N
FCFTy
wyioomwo
n XKy y & ®
(P )
E" oauXyE unuX| oWQ « (tons/hay
T NQ = (tons/hay
E - (tons/hay v
= (tons/ha)
7 E” 2 nuX Q SYE" o N o
H E” 2 i n Xy DEMy g 0 1 (mm)y Borselli
— . | (USLE R|Ky BorsellilIC§ & E v
factor)y E H I |L1

(USLE K factory E™ °

7 1 (USLE C

factory WRE’= =

| (USLE P factory 1'Q

Q N

3-26




@ 3-5InVESTO N Ww
E Nu ( 30n) 5 W
E™ 2 aunX( ) E M
% ( ) e HRn
11 () MY & | Yu p3o°
A ot 7 (C'Y Y 2015)
( 1) Global Aridity and PET Databasé
Antonio TrabuccoRobert Zomef2022
"N <( ) ~ E” 2 iimXY s mM
(2015) p " N - KA “ N
QX1 2z () E unXY saM (2015)
pMXi z . cA
F@q) "HM, o |1
| KR mX( ) |[E" °m F
( ) viaT oo
a & () Ne Xy
o) ( 1) R as3 wb (R
"HY 2020y | E" °n E
N ( ) O 7 x.. | R %d =
T onQ -y~ T NQ|2024 M E A% 0 bé
=y E =y |investy wb
0 - N)
Q -y E" o A v n InVEST 0 1
= ( N)
DEM( 7)) ) ‘Ox vy (TGOS)
T H ¢ (7) P B ®
E H ¢ (1) VAE mnX Y o ni~ E
A e "HY 1986)1 v XK
w " E A e
"HY 1978Y1 E A (~ry y E
w Wy 12 Y =y WA Y
u WRE' =wbMNE H
K CA

3-27




® 3-6InVEST n Yu o g W (1/2)
Y na 0 8 W
. A" A y IPCC (2006) Table 4.3 f
c_above (t/ha) onNQ o N/A _ _
| biomass conversion factors (0-051)
%4 | (Carbor § A" i A y IPCC (2006) Table 4.3 f
s ¢ below (t/ha) tnQ - N/A ! Y (2006)
Storage  an biomass conversion factors
Sequestratiolc_soil (tha) E o N/A A" i A Yy nmAXd
c_dead (t/ha) "X o N/A A" i A Yy nmAXd
95% Q" NWN'Q . , .
root_depth (mm) N/A A NYFAO WA Budykod 0
1 % - e a, ~ 7~ ” v
, no AWQ FAO WA bbb Y W QN
(Annual kc (unitless) N/A .
) 9 £t TXd1
\Water Yield) ——— - -
_ @ A 1 Xu et al. (2013y Liang and Liu (2014), Donohue|
Z Parameter (unitless) s 1-30
a fnuneA al. (2012)
Ne £, Y. o3y - ~
threat oy N/A A Ne EWRY A ¥
R _ HgE vt 7 A , o o
, habitat - N/A t OH 1Y% a /| a vy
(Habitat n
Quiality) [THREAT] ¢ Ne A A N/A A" Ne A Y N y
Half-satuation Constal ©° 0CO MA3 & 0.05 K wE P d<¢ a 01A
(unitless) ' C3

3-28



® 3-7InVEST n Yu o 8 W (2/2)
. Y no 0 5 W
load_[NUTRIENT A" |1 HE™ °n Y ot |t v
| ] e E °9nA u N/A I ; . : I
(kg/(hayear)) 5 | P A
ff_[NUTRIENT] (unitl e n i N/A A H Vs V.o yA
e unitless ,
- I ) n t 1Y0.60.8
_ B € [ H A
crit_len_[NUTRIENT] (m) 150 RIPARIAN BUFFER ¥ 10-300my
A
Nutrien{Threshold FI A latiqV + n A Hb M ~
| ( _ _res old Flow Accumulatic 1t N/A DEM
Delivery Ratio)(pixels) a
_ _ , YO Rn i . ~
Borsdli K Parameter (unitless], 2 X wnkK P
n w A ..
Subsurface Critical Length (n] 1 A * 200 Mayer et al. (2007)
Subsurface Maximum Retentj
N . T A 0.8 Mayer et al. (2007)
Efficiency (unitless)
_ . USDA RUSLE handbook, FAO, OMAFRA sedim
usle_c (nitless) E I N/A . ] .
erosion studigs P FRE’' =mwb
: £ usle_p (unitless) ‘ ” | NJ/A USDA RUSLE handbook, FAO sediment redug
N Ad " P ’ practicey P 4 WE' =wb
Sediment
( , . [Threshold Flow Accumulatiq AWt A H ! ., ~
Delivery Ratio] . N/A A 3
(pixels) M
Borselli K Parameter (unitlesy  Fan A 2 X wnK p’
Maximum SDR Value (unitles| 7 A € SDR 0.8 E o

3-29



® 3-8W USLE P1t Wu ¢ A
E” o i P RE ' =CHA 8 W
% Y i H . _
0.6 .- WRE' =mwb (2021¥ 3
Ny
. o WRE' =, | . ¢
0.75 A A Q
(1994), P12
09 = nH Fly E H enuvn
' 10 (2009), P45
w Huy . .
0.4 WRE' =mwb (2021¥ 5
0.6 Q N WRE' =mwb (2021¥ 7
n - ®E T |y E H e nvn
0.85 .
Xi H F (2009), P48
vV 1 L, 13 . -
0.5 Y WRE' =mwb (2021¥ 8
i 0.7 " e Y E H e nvwvn
' F (2009), P52
Ci p GOH|WRE’® =_ | ¢ w
0.95 -
% (1994), P18
900
500
E 500
E‘T 400

3

=

0

Usle_p=0.6

Usle_p=0.75
I E A

Usle_p=0.9

Usle_p=0.4

3-9USLE_PB

Usle_p=0.6
BE

£

3-30

o]

Usle_p=0.85 lee_p—ﬂ 5  Usle_p=0.7
#EW

nH M

Usle_p=0.95




Tty N& o 5MHr )

N N& pAqgWN W N M A, ° YZMRaW
N o~ B & <o Al 11 A N
Y W n UCANM N 3 Ar Y
uoaldcs x| I~ Ja (2022Av¥n YW N A o
g N\ ] WA NAy 41 You ®Y CE ¢
CHAH You £ p i Y W A £90
Y W x M No K 1] AV No |
K t AN K o§ H AN § U ZT Y 2 W
t v H F oz 1 A Al t oo
N A 1 /Yo ¢ H AV N |
at” "]
Turneretal. (2008) ~ Lo~ wn Y 2 7 "H WAW

N & Z fF Yu . ?¢4 ) ( 310v°2wallz o
ue 3Y pPi EYLAY » H wf k=]
VAR 2t "M N MAT 5 | Xu et al. (2009) 1
INVEST LI z M W T AN N& 3VYu 270
né m w Al Y | o n ATO YW —
0 Y pPB CEA L oL UM N 5 |V
Xt 0oL = CO AXI #a})

3-31



WETLAND WETLAND WETLAND VALUATION/
CLASSES: FUNCTIONS: FUNCTIONING EVALUATION:
As determined * e.g. water »  OUTCOMES: | Use values, non-

by locational storage, Flood use values,
factors and carbon alleviation, intrinsic value.
structures. sequestration, recreation, water

nutrients quality

retention, improvements

biodiversity, etc.

maintenance

etc.

STRUCTURE —» OPERATION —» BENEFITS (WELFARE CHANGES)

310 " N | W(i 1 ==: Turner et al., 2008)

X N N&  Y3> 1ubx WY . : Angela et al.
(2015) p WO N N& KAy 5YpzR W &
y A @ Yk H DU AW ® (@ 3-9)
Notter et al. (2012) u. % w o Ap | @
3-10Y b 2 yL WuANJinkMR wuYXt OB CE m
i W oo |

® 39 MnuyunNQ AW N K ( > : Angela et al., 2015)

n N Kno KA

R W O AYXn g =z

\ A G-
+ (0V] =
E H Wn
o A M o o
nQ =0
2. NK < .

® 310 MR W Kiap ( > : Notter et al., 2012)

A WA K L K"'

ENn A AY K FRA 95%
QN B AY Kii FRA 95%

LI 7 kR AY Kn A 95%

n kR W'OR 2HU 05W LAY Kin A 75%
%2 %2 A

3-32



Wttt "M NGO nHd A 5 or VYu
no RT A % N

(—) A w @  (Water Provisioning Services)
1-AY Ki KR b Kbdx Tdx Ynéwh 2
(Xu et al., 2009)
2 TR a b T B YK " B & (Notter
et al., 20129)

3 2 duné, AW YL YEMWAvVAWW
(Angela et al., 201%)

nw i Uur YK ou KK w AS
ARY Px R A L
(=) A @  (Water QualityRegulation Services)
1~ o (WQIb , KMo~ p1Q = (Angelaet
al., 2015)
2~ (DO)dbu | & == 2Y . Wi QR A
r  (Turneretal., 2008)
3~ E (TSSth K AY'H "HM QA <YWt
pré =M Ap |
m 1 b upgp Xty uB M Yk=WU N
N NO |1 A c|
(Z)E ' =® (Soil Retention Services)

1-E Y4y ddvn USLEH RUSLE £K TE 3y

(Xu et al., 2009)

2~ + b W1 £Y o0 + Y KAY RJIA
M (Notter et al., 2012)

3-E Gr b 0 Ny Y E tr
n wnj
m i b KE = |AI Y " E @Y wE

— L L

3-33



(m)N'Q A K=& (Biodiversity Support Services)

1~ ; v i InVEST £ Y© E o Wb
K"y (Turner et &, 2008),

2-Q - N A Q Yuqna A
(Angela et al., 201%)
3~ d Q sYW¢ T r L
4~ W o 3 Q. @Y LAY T%d = A
10% 20%Y ~ W E Q i 44 P (Xu et al.,
2009; Angela et al., 2015)
53 d  Awn K TR my Yo on a/ K
B YC ~pYd N 02 15misn Y~
n-Q n E P (Turner et al., 2008)
7 T TR VAR KYk=1MQ 1’ O A a
U 9!
()6 ™ @  (Climate Regulation Services)
1~ | ® E MA z YK | i (Xu
et al., 2009)

2~ Asd O & E 91 oY K A&H O 6

A L

3+ 59) Q1 A 2Yn ¢ & |
i k=68 Y ¢

2l

3-34



W N
v > Z M HO A= O K[| Wy L H
E AV s H y M qYA L ¢cwMy A
Yz ( o Wiy ] A oy = U o
H1 A |
(—) 8

10
BOU X Y 0] ENX Yu ¥ €
F ybBWM y ® yn oy
X 9d | O UM 1 ENM nNY
On, G=u3tsF X OdX Y wmut d Q uVY3

€ QP> xYqg, OXxzx n o Q L& 9 bl X
Y w oD 73et YXdi Mt 155 = Y Dt 978.15%

Cxt ( k%° CAYn )( 41, » MX 546
r ¥v3 VybiXWNye y X u 1 2010~202d1w e -
5 NY" MY$s b & NY g 5

MT%d Dt 3,861 oy Xd <9t & 234-V X
g -t 811% » t |

~ MYs uME’ =5 NY B 5 T
% d 4L N1 ... (Rfacor) & 41"Hy Y~ MY$s
] NY 201020221 d T ™ £ 2,792 4,608 mnY N

M Y X €] Rfactor N... 5 % YZ 1

" y T |

4-1



WSS
(RAEEAE)
PR ™

O KERIL
O K3ZAlnL
I sz
| ELEE
=1 (m)
=—3828
-0
0 4 8
[ — AN
4-1 o Ny 8 n X
® 41 Ty 1
TWD97-X TMD97-Y Xxd T (mm) |R factor
Vg 325,655.98 |2,740054.19 (2,792 22,623
3 308587.88 2,730187.02 |3,972 26,269
bl X N [302445.52 2,711,332.87 |4,608 35,355
e 307227.54 2,725996.9 (3,752 23,139
321,712.47 2,725694.83 (4,182 28,869
~ E Mi 2014TE" 2 NY s M0

L 67468%C®t YP M 6891w ZM EQF €Y Y
Dt 55919 C®t YP » 4 A57.17% ~ M t 153.86
XC®tYPx N A1573% |4 + 2891kC®t VY
Py N A 296% KU E ©f © un P 2826y 24.70% G

4-2



tYunprP x N
XC®t YP x M 147% Z7 E° 2 QP 5370k Cet YP

A 2.92%; 2.53% i

~

B [

/ t 14.33

o~

e’ N 5.49% @ 4-2) # N3 O t€ E 0
nw QtoY w3 Hzw |y @ yn L X W
E ( 4-2)
& 4-2 x E" oM mXK
E" °on N (km?) MU A E" °n ¥ (km?) MU A
0 97.00 9.92% 0.42 0.04%
0 13.77 1.41% |V M 2.16 0.22%
&0 559.19 57.17% C 14.59 1.49%
nQ 3.57 0.37% TE 1.14 0.12%
€Q 0.54 0.06% 0.28 0.03%
n 22.35 2.29% Eol" 24.70 2.53%
153.86 15.73% 0.02 0.00%
Q 0.95 0.10% T 2.43 0.25%
| @ 28.91 2.96% ) 14.33 1.47%
k% 28.56 2.92% i 0.23 0.02%
eQ | 4.42 0.45% ECO 1.06 0.11%
e 1.49 0.15% 0.42 0.04%
0.31 0.03% y Yy 1.43 0.15%
5 978.15km?

4-3



+ienm [l oven EREE
sz [ O o/
[ R astzi [l 52
Hl =a 28 [l &v

mit 2% s
w2 I RE

£ ] s [ t5¢EE
[ s —mz [l &5
L/ & wnus Il 25
4-2 g BT om n X
~ "HO vy E YWy |, yoKb E
A ®( {@mY1978)y ni~ E A Wl auwu
Y K 5 O E QXt yY EuH EY
mn P 3 31.94% 23.35%; 20.99% Z MY E (@I
Xon MYywm nm Y E/ ©ZN p  (13.35%) @
43y 43, ~H Eo " uX » t YOUTKDS XY
H Qnl

4-4



& 4-3 s E N uX
E N (km?) | M1k (%)
y E 22837 | 23.35
H E 205.36 | 20.99
E 3.71 0.38
yy 8.00 0.82
A E 0.31 0.03
E 130.60 | 13.35
312.38 | 31.94
- 38.12 3.90
A A 51.30 5.24
5 978.15 | 100.00

Ynnt
Z MYn

It

o N
B> Al T
€ VYA yn

4-5

Y
y e Yy XKD
1 Twnt 2012~20182015~2022)K>

It

BQOQXT M &

ye

©)

L 201%



2015 2019~202P Z x M ' t 2012~202% . XD Tu
Yd A & Zwtwun ] Tw Nunt 443

4-8"Hy |
3000 M AAE
2500
2000
&
S
st 1500
18
Tﬁ’
1000
500
0
3 5 N Q N W\ N N\ O\ N N\
I I N M MO
D R O N
44 € wan (2012~2022)
ER
2500
2000
Z 1500
8
af
#
&y 1000

500

N WPV W SRR ¥, D

N
ﬁﬁgb
D

\ »
N N
&

\\\ \‘:’\\\\
» D

™ o > S
& @
R )

A\ Q
> O Q)
S M M G

45N  wx  (2012~2022)

4-6



FARREGEAERE
800
700
600
—~ 500
g
5 400
=
# 300
200
100
0
N N N N N N N N N N N
\")\\ \"3\\\ \9\\ & \b\\\ \'\\\\ \q’\\\ \\\\ '19\\\ ’1«\\\\ Wq)N\
S N K N q,Q D N ® w» +® P
4-6 MRE w xx (2012~2022)
P
900
800
700
o~ 600
g
5 500
g
s 400
Ve
Gl 300
200
100
0 Lea Lo
N \ N\ W W N\ \ \ e » »
N N N N » \ N N > » N\
» @ o N I A

>0 &
N NN N N MNASN
N N S PN O A A\ AN

4-7n w o (2012~2@2)

4-7



5000 411(3)

4500
4000
3500
%3000
:@2500
% 2000
1500
1000
SOOJ L
0 1 VIS NI | Y Y N N &
I ,\9\"‘}\\\ «&\q\\\\ «@"9\\\\ ,§>\\\\ r»@'\\\\
4806 (3w x (2012~2022)
(=) N
i % 0 o X XM KR
Ynnte y y € vy € (
I N ¢ W L I)YRR u oYe y y
€ 0 B vV € tg | o YR Yy
Y E vy 1y = B NI tebvcuy
y teu Cn(@TXx N )L
(v3) % INVEST
INVEST n..WE 2 mtoNnN N K nYE »
m ¢at” Y W M ¢ MY A
x» MA nX Y ¢ TFAT+L 500( v HI W t 500
M DEM )Y, M E 9@ ¢1, ®@54HyL E
O MY®™ E" ° i COl/ 9 ME x4yen (USLENE
T o ... (Cfactory RRE’ =... (Pfactor),”™ 0, | (LS)
q 1 £ (ODEM)L = . YE nNH .. (Kfactory
M — ... (Rfactory & ME’ =wb (KRE’' =5 Y 2017)

4-8



Y-+ (Sediment Delivery Ratio, SDR)V 1 1
0.8
® 4-4InVESTE™ ° i (C factor) &
E" 2 n Cfactor |E~ ° C factor
¢ 0.000 0.000
ECO 0.050 i 1.000
eQ | 0.040 Q 0.010
e 0.040 0.010
k% 0.000 | 9 0.010
nQ 0.010 T 0.010
Eol” 0.250 0.175
TE 0.000 i 1.000
y Y 0.010 Q 0.010
AL 0.000 0.020
Q 0.150 €Q 0.010
n 0.050 0.010
Q 0.010 0.010
T, N MY | "noat” "y oy
0 QWuye o - ''xn’ <ANe | t A K x
BMMN N& YA V E" > a7 NY Qut: oy
Qy E€EQyunQu KQ | § wmt: 10 yeQ
fye v v yy y¢ yTE  u/ J
Z"E 2ant: Ty " yEQD VyY] R nt
PR MEoy ~ yM | Q ybWuk Wt ° ( 42|
x BN~ " Hz EV m %
QO ( 49YZMY T BOWU Y~ E
nw qQ@ -~ 7 o- b bR Y. 1A
E W Q@ ~ a Y Ko~ afl “; YZE o
i 4-10"Hy |~ h H ef "Hy R
ABANe £YA 4 QT G+t h UT N®

4-9



AN | R/ theoMhNe | W E T vy E of

~

thAY b ANe | TuyuTE rth R h
Ne | € uy /M / wWth ANe (® 45| 1 1Y
A n"E °»>n ¢ " p (habitaY W , , QuUE
o/ " o~ Y "  (habitajun Gt 1y 0.7 y

QY W ue / Vi ¢+t 05040303 10 y
e Qo vy, u T/ ¢t 0(® 4-6)

ouv ~ - "H T A 3 Y oy o
3 Q VR i | YBbz: ~  (Habitaty E
> N (Max_Dishy " (Weighdu, | i M. A
~(Threa)) ~Y, w0 BT wn NYdA s INVEST
W 1Y awK sy W A wY 5 'Q

u, E 2l " uwf ANeYB Ty L

4-10



X wae

—~

A % ¢ ﬁgmmiiéém
. {o rﬁ; }k/\"\
S ot RTNG B

MEED
LA T E LT

HEDMEEREM

+ithFI A
B —ARER
0 AR
[ /N

B K

[ ROV 3
B B53TER
B /R R
@ &%
BHiith
Bl RAHk
Ml &R
[ By
R
4-10 EE” 2 anX

X5 mf

4-11




~

@ 45InVEST ™ Ne o)
Ne ) £0 ¢ E" o0
(km)
€1 Np 3 |0.05 0.8 y Qn’
P % 0.05 0.6 £ |
AY b 0.03 0.4 " yEo. 7
R b 0.02 0.3 TE y T
0.02 0.2 ¢ yy s
@ 4-6InVEST ~ - o)
" _ . No -
= " siNodfowm [ay X
C 0.0 0.0 0.0 [0.0 0.0 0.0
eQ | 0.0 0.0 0.0 [0.0 0.0 0.0
e 0.3 0.1 02 (0.2 0.0 0.1
k% 1.0 0.5 0.7 |03 0.1 0.3
Eol” 0.7 0.0 05 (0.3 0.1 0.2
TE 0.0 0.0 0.0 0.0 0.0 0.0
vy o 0.0 0.0 0.0 [0.0 0.0 0.0
Q 0.4 0.6 05 (0.4 0.3 0.2
n 0.3 0.4 04 (0.2 0.3 0.2
0 1.0 0.3 04 0.2 0.0 0.2
| @ 0.0 0.0 0.0 0.0 0.0 0.0
T 0.0 0.0 0.0 [0.0 0.0 0.0
0.5 0.7 05 (0.3 0.0 0.0
(%) 5 ’
~ h RN 5 K e B
(2131 B f ( I%° CAYu Y
2022)L ! h DQ wh)Ané QY S
M yE e3M vy * 06 MY I'x €Y, PB
Yr AWy ys=s QMBS AN Y 411t o
B My L




R22B T NeiZHPA HAXE , 2=
xume [ ® KEga

AR zﬁ.sﬁ% BEEK

AIEFIA
St O

4-11 _ CAYn Y
2022)
A - DQ wlNué QYK ~ 3
B A t
1~ M
35 ot nA9X .y n TX Y
oy’ A4 YXM - Y' Mo TME=+kA Ne
% @Y~ 32364 "H o n in UJUNe AY
T @]
2-E @3V
5> 0 " m wNT e |fUa TR
- A b X Y u s A XYY 0Tl
uYUE 0 Y NRoy 1 LI kK A X1V
3~ e
n OAY " y y R
Q 0 n ' OY~, I AT g Tl
P X PrCE€E L



~ YA "H N N t e QAN NYT Nb
U g

zCwn wnRyY, :E A ®B A1 tE 4005071 ¥
E" 23> B B 20177y M 1 x A AT z QU AN
¢ Y via N Ka YK T Rk y oXC
CA JYT ~pY | W A K’ now
L pMN QbXWt K 5 Cy |

4-14



Y 7 -

3y WM N K
D Ch 7 W it -y AY W
u [ Q Wi ( 412YA SANM N® K Llz
5 C |fYméw N eées GO oA O N NG

OI\

nB i |

Natural Infrastructure
for Water Management

Investing in nature for multiple objectives

Protecting & restoring mangroves,
coxstal wethinds & dunes

Conserving and sestoring wetlands.

Protecting & restoring reefs
for coastal protection and habitat

their water melated ecovystem services.
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