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Abstract

Taiwan's rivers are mostly characterized by steep gradients and rapid flows. To
effectively prevent riverbed incision and erosion, traditional engineering approaches such
as grade control structures have long been adopted for flood prevention and river
management. However, while these rigid structures contribute to land safety, they can
also disrupt riverine ecosystems. In pursuit of a balance between disaster prevention and
ecological conservation, Nature-based Solutions (NbS) are increasingly being introduced
to improve conventional engineering practices, aiming to achieve both land security and
ecological sustainability.

To further explore the effectiveness of NbS in river restoration, this study takes the
Gangkou Creek as a case study. Gangkou Creek similarly exhibits steep and swift-flowing
characteristics and has long been affected by erosion and incision, posing threats to
surrounding land safety. To assess river channel responses under various rainfall scenarios,
this study employs the HEC-RAS hydraulic modeling software to simulate baseflow
conditions as well as flood events corresponding to return periods of 2, 10, 25, 50, and
100 years. The simulation results are used to compare pre- and post-restoration changes
in water levels, velocity distributions, and potential inundation extents under different
flood return periods. This enables an evaluation of the impact of NbS on channel stability
and disaster mitigation, providing valuable reference for similar future river management
efforts.

Focusing on the ecologically rich Gangkou Creek, this study analyzes environmental
changes before and after river restoration to assess the effectiveness of NbS in river
management. By simulating hydraulic conditions under various flood scenarios using

HEC-RAS and integrating the Habitat Suitability Index (HSI) for ecological assessment,
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the study further incorporates the 28 global NbS indicators to perform a comprehensive
evaluation. These indicators cover ecosystem health, hydrological functions, land safety,
and social benefits. Based on the assessment results, the study proposes specific
recommendations for further improvement, aiming to enhance disaster resilience and
ecological conservation outcomes. Through this approach, the feasibility and

effectiveness of NbS are verified, offering a reference for future river restoration projects.

Keywords: Numerical simulation, HEC-RAS 2D, Flood risk management,Nature-based
Solutions, Habitat Suitability Index
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1.Quirogaa et al. (2016)
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1.Merufima et al. (2015)
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Instrument ) ;> H ¥ # £ K30 i@ * SOBEKID V274 &7 8@ 7 e
kds 4 B e G Mok r BL LA = % o SOBEK % & #in-fFir oty
Thatcher-Harleman = /% » # & 5 8B T j g B A Z B A+ > T iR s 9
T B A F R TORF R G R g 1
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1.Dahm et al. (2014)
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gi‘*’}% z1 B o
2.Speet (2014)
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1.Gard (2009)
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C=270<20 (% CHFh*is50) (+ 3.6)

AT = A7X (¥ C=2.0) X3 7)

Z ¥ e > 42;% (Saint Venant equations ) :
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(2)Abrupt Contractions and Expansions:
FFRAR (aRak B R Ui Blire 2 A oA B R o
(3)Flat Sloping River Systems:
AR R s TR R R oK S G E DY - B £ BB T
TAEAREr SR B Fad S AANRLGE -
(4)Tidally Influenced Conditions:
FHHERB XDV RSrE B P A F w2 B E 2 AL S AR
SR
(5)General Wave Propagation Modeling:
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(6)Super Elevation around Bends:

FOHREEY AT T HBR AP A AL ke FLEFE AT B T

(7)Detailed Velocities and Water Surface Elevations at Structures:
FREFEVFE LIRS 2 AfiTofod RAT > % Tl S 258§ 97
{ Errenig s o
(8)Mixed Flow Regime:
U Fie AR { R L TRA 2 LTS 2 B o o
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HEC-RAS 2D H#i#t ir %9 2k % 578 %8> 27 #iciE 3 &7 (Digital
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AR ERBEFRRMAR o
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P # f# (km?) 1# B (%)
1850P001 FIR 2.17 2.14
1850P002 7 34.07 33.50
457590 7% (1) 34.07 15.78
1865P003 7% (2) 16.05 48.58
&3 101.69 100.00

(FARR T A ke Rk inmrd ) BARE R B v Lk L RAEFD)

234 priFEnE L ERDIE- PR R ERT LG L

¥ % 4 | LOG-NORMAL | PEARSON |[LOG-PEARSON| EXTREME
EREL L1 111 11 I I
2 213.0 209.8 214.7 217.3
295.2 295.7 296.7 309.3
10 352.3 355.6 352.5 370.2
20 408.8 413.7 407.2 428.6
25 427.0 432.2 424.8 4472
50 484.2 489.2 479.8 504.2
100 542.8 545.9 535.8 560.9
(SSE) 7497 9322 7972 14270
(SE) 13.2 14.72 13.62 18.01
Mean Value = 231.935
Standard Deviation = 93.64
Skewness Coefficient = 1.518 (H z:mm)
(FAL &R 2T Bk ok Rind@3 g ) BARE R B T ik R RBIER )
45

doi:10.6342/NTU202502745



2035 BT KB AEIMBIES P At kA RIS G4

# & & 1| LOG-NORMAL PEARSON |[LOG-PEARSON| EXTREME
IR FE | 11 111 I
2 288.6 284.1 295.8 294.9
387.6 387.8 394.8 406.3
10 457.4 461.6 458.4 480.1
20 527.2 534.0 518.0 550.9
25 549.9 557.1 536.7 573.4
50 621.5 628.9 593.8 642.5
100 695.4 700.6 650.1 711.2
(SSE) 37930 42420 35120 44400
(SE) 29.7 31.41 28.58 31.77
Mean Value = 212.63
Standard Deviation = 113.44
Skewness Coefficient = 1.635 (H :mm)
(FRKR T ke Rk mbd ) BARE R b o 5k i RBERE)

2.% &3
#F Jn1 R AER £ (2010)#74 * 2. Horner 2 "% & 35 i 2> 3% » 2F B (B 1) & 1t pF
2_MER R o dogt 3012 1o e

a
Ir = (T+b)¢

X3.12)
i
It "3 £ pF T PR 2T 35 & 3% & (mm/hr)
T @ '% & 2t P¥(min)
a~b c: ¥ #

LR 2 EFQFfda s apFa s wEBRBLIF 2
TR Nk RREAICKIIF K B2 4 He B A BpsEE A 5 B -2 pF Homer
2N AT ok 36 #F e

% Homer ¥ A& g B S35 I L H +pFfl 2 %% &

ek

B I AR A
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Ao REE AR B A B B AR 12 0] o R K] e B S AL A R A A
4] 3-10 #r% o

% 3-6 % Mz Horner = ;% % #c 4

£ IR EE(HE) a b c

2 1040.013 18.256 0.5972
5 934.951 10.688 0.5409
10 810.131 5.644 0.4984
20 711.614 1.482 0.4616
25 685.197 0.542 0.4508
50 603.573 -2.998 0.4175
100 544.380 -5.060 0.3888

(FR KR T 53 ke Bk Ripmdd | BABE R B o Bk A REIRE)

20

18 17.39

343 3.87

231 251 260 27

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

8 F4 ()

B 3-10 %3 & 325 & £ M §E)
(FH &R T2 ke Bk Riem d ) BARE P B v Lk RE1RS)
JE=ps
47
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PERECFRY LD 2 2 AE R RPFE CFEAE 0 4 TR

FEmL AN RSN R SR H A AR AR (2010)57

R Y222 W A H RS o

Qp _ 0.208T>1<0A><Re
Q=§+06n
T, = 1.67T,
Soe
Qp ¢ # 4 i £ (cms)
A B G Ff (km?)
Re @ 427% % & (mm)
Tp : B 4pifk-k 3 8 % 4 4 2 p& 7 (hr)
D:HEimupihr) Zo&4HE 23R - R
Te g2 3Ry @ (h)
Tc @ & onpFfF (hr)
He % A E =% &R Dd Te2 B E&T 7 RAEH -
T.> 6hr D=1.0hr
3hr < T¢=6hr D=0.8hr
lhr <T.=3hr D=0.4hr
Tc=1hr D=0.15hr

Y ERR D FF R 2 gk o

(5% 3.13)

(5% 3. 14)

(5% 3. 15)

(3% 3.16)
X03.17)
(¢ 3.18)

(% 3. 19)

Ln P T4 ¥ TR B4R 2 (2010) 9722 R 2 4o ¥ 2 2 N oo 3,20 #457 o

3
T, = (O-EZL )0.385

L: B-k% P #okid b #5283 224 2k T pedg(km)
H: ok B p kst 5 3 4083 42 (m)

48
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Rz AVECFRERE FET R R KRR

j"m

HEELERIPIEZL
2 A3 R 4F 4 4.5 mm/hr o 3R A4 R

HERE o RERE R AL 3-8 97T o

gz‘;;\g; }»me;] R

3037 BokRAME =

SR BARL BRI E ’zﬁz’.‘*%{zrz\ 3-7 #15n o 3B

W2y

=

EEL A BT

£ 0 4R

i S

Py N

24l PR R BB R ] Aot s R AR RIER £ (2010)¢ 25k

LERBEEZ R R EME H

. Bokof B f |3 4 | Fnpl | R uph| B E R FhHp PR
BAlE A(km?) |L(km) [H(m)| Tuhr) | D(hr) | Tyhr) Tho) 1
s T 101.69 | 31.18 | 400 | 5.02 0.8 341 | 5.69 | 9.10
AR LRET | 69.03 | 2727|390 | 434 0.8 300 | 5.02 | 8.02
WioiEmaw| 39.61 | 2065364 | 323 0.8 234 | 391 | 625
gL ae | 2297 | 650 | 150 | 1.20 0.4 092 | 153 | 245
Wiz | 1022 | 420 [ 100 | 0.84 0.15 058 | 097 | 155
('ﬁ‘?}—"j»/}fl ST Bk Rk Boiomrd | B4R ? PR T ARk FEE L)
%038 Z AME ML LSRR A
H

i Iﬁ“/; {ij Q2 Qs Qo Q20 Q25 Qso0 Qioo

s 611 | 784 | 879 | 965 | 991 | 1068 | 1213

****g?gi”* 445 | 569 | 636 | 696 | 714 | 767 | 818

fﬁ‘:f?gi** 204 | 373 | 413 | 449 | 460 | 490 | 519

HagEa T | 275 | 343 | 375 | 401 | 409 | 429 | 447

WiEdr 150 | 186 | 202 | 217 | 220 | 233 | 243
(Fl’}'j»/)g'l r%/ﬁf }\""’ ‘?F }\ﬁ./p«,.p _ém:_J m:?za 'lﬁ“"/z"}\:ﬂiﬁa%qfﬁé)

4.2 A ing

A AR RN AR e R ¢ B M AFNE TR
BAEKE k2 BEARATKE A ERBEE KRS - GF BEITF ATE W
FEARCHERP RO RGP AL OB UERE S P SR i RS
4 & A& (Jowett, 1997) -
Py iﬁjﬁiﬁ“’:&?i% T frﬁ’ F‘ﬁ LR fﬁ‘{ B E RIS BOE R R

ek

ML E

E N E N R
i% (historic flow methods)
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peg R Y e R E G AAHD K E T35 £ (Mean Annual Flow,

-

o

—+ =
)

St

MAF) 2 A p i BuEpFd S 3B A Mg B 175 2

_— el A

\\\?{r

e

b
S~

A. Tennant j*

Tennant (1976)1 # L 3275 & (Mean Annual Flow » i #£ MAF) Z A# > 1335
MAF % et bl 4 fi R A cnBi B > R 2 R 2 2R L 22 T HRT ¥
A =
B.p in By ME

BEEP R BUPEY AP OS%UPFRE S R o (TR AR RE S 3

'l
Yoo
il
=

Fr 3N
(2)’k 3272 (hydraulic methods)
A BB RS A B B AP M BldoinE RS R
o MRS RE T 0 BB BORIE Sl MR P o
(3)#: 4 % (habitat methods)
RAFRAT I e (WUA) ST ERE DM - §7 % Epd -

B BEE T RN L GRS ¥

St

P

% & PHABSIM % # fifis; 2 748
%o
(4).5.% i (empirical methods)

PR AL RN ROE SN N AR ETRIEE bAciTE

RE>E P A kRoF2amE EAEEE -

H?Zﬂé'**;‘f:[“;‘j@’._ ﬁa‘-zﬁp KRB R 2. R b ?%}:i"g:f‘ J Té}&i 56 44

B

BRI O R R L S R p R MY 95% P i
2B EFLZ ARSI RANE c B KGN 22 BAGE S 2987 cms 0 TR

I.L '%T 49 ‘g—gj:u-ﬁ;: 2. Zi‘!}ﬁ, ,J_g:_&r,gl 3 11 ,,,_'_,r o
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50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00
0%

m

i

(0 2 0 )i

20%

A0%

60%

EME S

80%

B 3-11 & v kb pp n R prd A

5.8 5 i SR 2

M2 BREL T

100%

PORMAL A SRR £ R Sl - o ATE ST IR

7L

4147 2 (2010)° 2 b A % - FAEREA G ¥ S4cH 3-12 a0 F U H B %
(€5 BRI R L R B T
Class | diam {mm) % in Class 1007
1|Clay | 0.002-0.004 Legend
2|VFM |_0.004-0.008 Gradation Curve
3[FM | 0.008-0.016
alMM | 0.016-0.032 a0
5|CM | 0.032-0.0625
5|VFS | 0.0625-0.125
7|Fs 0.125-0.25
3|Ms 0.250.5 -
3(cs 0.5-1 #
10]vecs 1-2 10 i
11|vFG 24 13 3]
12|FG 48 16 0
13|MG 3-18 20
14cG 16-32 25
15|vcG 3264 30
16|sC 54-178 45 -
17|Lc 178-256 a0
18[sB 256-512 100
19|MB 512-1024
20(LB 1024-2048 o . o o e
102 5 10 20 S0 100 200 500 1000

i

% Finer (% Grain Class %  Convert:
Sefiner <—=%

@ykik g

51
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HEC-RAS 2D #iw# 4 i B i¥ # (Sediment Boundary Conditions ) ¥ ¥ 3K -k
mE R HAE G S ﬁéﬁ%l » = 3% pwl L Rating Curve ~ Sediment Load Series »
Equilibrium Load ~ Capacity Ratio 14 2 Clear Water (no Sed) » ™ ® -4 Bz o

A Rating Curve

MH pER2 4 E/%]ﬁ%ﬂ (tons/day ) &¢-k® Z ik R (mg/l) iFi J)\ » I
To B B RUT AR 0 Y- B Rk R

B. Sediment Load Series

27 Rating Curve #f07 » |2+ ﬁ%l NEEPRER R R R NG B
[ A Sl = -y A

C. Equilibrium Load

FIpa R E PR AR RERN A o F A PlERPE 2T R
PR E AN B E 0 AN AEREY IR o

D. Capacity Ratio

#-E R 2 &£ % 25 Equilibrium Load 2z +* &) = ¢ ;2 & Equilibrium Load %

A FEREEAFTRE -

E. Clear Water (no Sed)

B kiEeE > @R 2 28 0 BB FELAHES RS -

ERPALTEF;IFFE VRO Y ETRT FREORETY AP T &
% 4% % Equilibrium Load 1% % #f % 5 2 230 %2 5% » 0¥ 5 & B2 3R Kin gk

gx o o

“,f,f K 2t HEC-RAS 2D & G ficdtw 3k 28 & Mt Sk 7 AW G
(2024)2_ & 3+ i& 7 22 2 Hedp ¢ 4% Transport Function ~ Sorting Method ~ Fall velocity
Method ~ Unsteady Computation Options and Tolerances % Transport Energy Slope
Method » # 4 X 3% T %3’y 5 HEC-RAS 2D 2. Ff 3k » & & {7228 o
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Transport Function : Wu

Sorting Method : Active Layer

Fall velocity Method : Soulsby

Transport Energy Slope Method : Averaged(Centered)

@ﬂi;'lﬁ it (Transport Function):E # Wu et al. (2000) 2> 3¢ » gt @ﬁ%l A

o

BIEp OBy o §FILREA A G AR RRE G NTEY o Flpt e~ TEAT
#z(hiding and exposure factor)s i * o & 3-9 G gt V2 i B o

£ B (Sorting Method):E 78 % © » = a‘.ﬁ%ﬁ”/ Bl - gt al 1 #k
% (Active Layermethod ) | e9= ;4> e v L3R T E L mETEY - 2P > L8k
BB IEE 5 D0 k&0 0 & D90 - B s e

/T "% 1 B2 (Fall Velocity Methods ) ® i # Soulsby = 3% » Soulsby (1997) #

N AR R 2R B P 2 R L e B A K AR e A Ok

W

B R o H oo Vet 321 AT o
wsa = 2[(10.36? + 1.0494,%)"* - 10.36| 5 3.21)
v =3 3F GE(LYT)
d=f (L)
de = dRe) Py ~ V=g A% i
R=ps/pw—1 =+ &-kant &£ 1 > 73 0t £ (submerged specific gravity )

pw=’}<é‘ﬁ%)§
g=% 4 i@ R

i ﬂi;'l it & #L 3% (Transport Energy Slope Method) ¥ £ # T 355 & 8L & (Average

Energy Slope) £ & R 8 %g F T ERFTARGEH R B 20T
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Options 2z_ w38 > 4@ 3-13

EGLUS Xs — EGLDS XS

= DS Distys xs + DS Distys

EGLusxs @ } #%Tm st
EGLpsxs : T %% m

DS Distxs : 3+ 5 %7 27

Unsteady Computation Options and Tolerances 2. ¢z #>

,

T3 A2

LE TR 2

H T T 2

SR

e i BEARE
e if BEAE

S8y

% 3-9 Wuetal.if * f Bl fichy

v

s

4 2D Flow

EE PR S X 391

i 74 iz (mm) 0.01~250
i i (m/s) 0.086~28.7
R 1/13605~1/27
K i (m) 0.01~17.5

HEC-RAS Unsteady Computation Opticns and Tolerances

General

[ Use Coriolis Effects (not used with Diffusion Wave equation)

Pipe Systems ] 1D/20 Options ] Advanced Time Step Control ] 1D Mixed Flow Options

Parameter

(Default)

Perimeter 1

Theta (0.5-1.0)

Theta Warmup (0.5-1.0)

Water Surface Tolerance [max=0.06](m)

Volume Tolerance (m)

Maximum Iterations

Equation Set

Initial Conditions Time (hrs)

Initial Conditions Ramp Up Fraction {0-1)

WD | B0 | [T fon | [ [ pa | =

Mumber of Time Slices {Integer Value)

Turbulence Model

Longitudinal Mixing Coefficent

Transverse Mixing Coefficient

Smagorinsky Coefficent

Boundary Condition Volume Chedk

Latitude for Coriolis (-90 to 90)

Solver Cores

Matrix Solver

Convergence Tolerance

Minimum [terations

Maximum Iterations

Restart Iteration

Relaxation Factor

SOR Preconditioner Iterations

1

1

0.003

0.003

20

Diffusion Wave

1

1

0.0001

0.0001

20

SWE-ELM (original/faster)
0.03

0.1

B 3-13 Unsteady Computation Options and Tolerances % # & %
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35 2 F LY

3 i £ & 45 8 (Habitat Suitability Index » HSI) £ 2 & it 3 34 k& 55 4 $o 4
R E o 1 h e I S 2y e A i L g
B ENBREELET R B AR R B BN AR B OEE

PR ERIpEE R AHSE D FHF LA B2 42l TR AR o (BT
k1%, 2019)

WA RPN e FEIALE R R HRS e AR S G EARE

( Habitat Suitability Index, HSI) £2:if & & & %t (Habitat Suitability Curves, HSC ) -

BERE DAL ERRD eHA AT 2 YR B X HEE E R AeiniE kiR

T-L

ERFHAEFAF AT ONE M AREHEHI FRBRFEEOF LA TR E 2 DD
4 i & R o S (Bovee, 1986; Stalnaker, 1995) o izt = 2 & 5 d £ R 4 3g & 0¥
4 %4 3 5 #r4a$4(U.S. Fish and Wildlife Service, 1981) » i &g+ ~ £ R 2 @M
FEAAR LR ERY KT REEZ BB FEF R ¢ (European
Commission, 2000; Jowett et al., 2008) °

AR T ET iRkl f AR BRI AR RE S XA
B %4 Ahn et al. (2023)%7 1% * thig s i%ﬁﬁ’%@ﬁﬁwib@%ﬁ@m%
@mwnmm’%ﬁﬁmwm@\¢§$%B%ﬁﬁzﬁgﬁﬁﬁﬁﬁ,agw%

SR REDZECIEE {6 Riplic 403t 3.22 9757 o

HSI =3/S, xS, (% 3.22)

Sy = i e i £ R

Sq = EFmarkiER &R

A AT 3 i B+ v R L (Rhinogobius gigas ) v % B 5 v @ ( Opsariichthys

kaopingensis) & & f8 > it 2 GANEFRRE T 2 BE G ER[F LR o &
Ll

s

FL SR A UK AT BNB T I N R

BEFEHILHE E- 5 F
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E’%?'_“E&;“,— E—\'—'IZLPIEFL —,Elid‘l'—gi‘k‘%\"l‘i;’ﬂ

[
H
A5
.;\.\

YIRS T

WihE®RE R K ASBLR I ANERNERT N FRT R RERET

R Az A EE R ERY R P PTRT BT IS

e HST #0718 7 40 o 37 o
PP EAICEE Q019 Tp "R af2 e ERYADZETHEE

23 0B ERERAEOFLRY RN ERETIERER > UL AR

(rRAZBG 5L B 3-14) > Py S B ES R ERY RG]

. PR RERIFAM WFIETE 2 AP RE T Z2 A B2 ERY
oA TR > FFREF 2

2. FERARK AR A FIBTER AR ABTR > i E AL 8ok k2
PR LR R S R MRTH > 2 REAT PR AFTREBEARY > 4og B
oo EBREF 3

3. A REER A FIEAINE B LK AR ABTR  &IEF AP G
P Fok f2 AR R A R Y BT SRR Bk A FREL
% o dep RRY 0 FRRF 4

4. FrRRKiRHAE: 24 KA AR A f2 T & LNE FET
R B iR a8 R RFTA S AoF RIR Y 0 FRIEF S

5. B RR-RARAAB: FBCEE R B TR &BFE T EE LR
B ERYATFA eF RIREY > FREF 60

6. F¥ RAR K ARHAF: FB v LA R 2 T & L0 % H 8K
B e RY AT o RIR Y > BRIEFT

7. B R2AFRARFAAE: FILIE F LR Y AR HZ FTH > &40F L3k
FH WK R SR RTH  4oF BIR Y > BREF 8

8. AR H TR BAM: IIRME R LK AR

E
ﬁ?
SN
24
(w
R
=\
=
;;<
i
ay
iy
%
o
u

BoROR L e A R RFTA o 4o R > FRIEF O

£
\4

56

doi:10.6342/NTU202502745



9. 2R ¥ BRFAM: F12 2k kT AR HL T ZHOF AN P 5 Iy
FoR G RE S AR TR dof Pl o
PP it > BT R GRLZF LR Y REEREEEPTE 2 G5 a
AR E R SO H KRS TRE R G F RAp A Bl 3-15 B 3-16 41

BrEBBS CM LR RMRBEREERTE 6 thh ke E S v 2 i

W
W
=8
A

o HoRR s R & RAp iAo Bl 3-17 ~ B 3-18 #1F o

ol s ZHEHREA - ALKAZFHGIEX, R A dR > AHEFRAMFLT

WEB

Alk#

A2 &

B 3-14 A#piEs i & B SR R BB (CEASRKF1%, 2019)
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0.60

0.40

0.2

(— » o) oF @ o

0.00

KRG8 IR KRB S K

==0.1 0.1~0.20.2~0.30.3~0.40.4~0.50.5~0.60.6~0.70.7~0.80.8~0.90.9~1.0 =>=1

I 3 7K % (m)

Bl 3-15 =~ e 4B KRR & RApdics B

0% é?l )"EL: JJIL AE{
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55 B O #AKRE S K

1.00

0.80
{=J

o

00 BB B B m B B wa
0.4
0.2
0.00

==0.1 0.1~02 0.2~03 0.3~04 0.4~05 0.5~06 0.6~0.7 0.7~0.8 0.8~09 0.9~1.0 =>=1
4 K% (m)

be

A
g
(=]

(— w»v )

B 3-17 B 55 v @#okiFE & Rip s B

BAEBOHAREEE

1.00
i
4 0.80
i
& 0.60
#
~ 0.40
H
S 0.20
I
~ 0.00
12
;,/ \ %%Q:‘).-,)/ s ‘3, ° ’\ = %“o/ qq/ Q\/\‘\\/ ,,v/\rb.,_\/ b‘,%/ ? 7//\'J
AN IR ENC N NN NN

T 34 iR (m/s)
B 3-18 % B 5 v @iidif & RAhlks T F
3.6 p 31 E (Self-Assessment Tools )

E A *R»%'J'ﬁéﬂlfé B *i;?ﬂ‘ *5 83 JUCN #7422 p 2R 2> (NbS) >R & F
Z L 42 & o JTUCN B 2 7 E%’f?]’i& Excel # ##:\enp AFL 12> 7 Ei@ * jﬁ
7% *:P- % E_F {4 £ NbS ~ L8728 17 #I;} % (Angela et al., 2020; Saikia et al., 2022)°

B0 HT g s R BRI R R 3 TR AR & (strong) T A A
59
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7 & (adequate) j~" %4 f+ & (partial ), 2 "% & & (insufficient) | » %2 34
A R R A B A &3 75% 50%T75% ~ 25%-50%2 (43T 25% o A i & #rd b s
F BB EARE T o 4oB 3-19 977 0 F NEAZ EARZAR - 5
FERRE P SR 21T 5 L F % K TUCN #7322 NbS 230452 - &4 8
AR R FFRADL T E AT AT R T R EE Y
PR s XM RS ST Gl R4S RATH - 2 T R
o9 ptRE s BE AR BUT ) AR AR 2 RN E - Ko RK B A

Meme | A TS AP RARR PR W Rdp e FHRHBLE  FARPE T -

@A 5 T2 @8 5 plR 4347 # & TUCN 5 NDS 2 3k 5-F -
AR SRR ARG w2 TUCN p 2R3 R 7 ch- Rf > A2 g
pAFREIEEF TR T - 2 BT R Bk SRR 0 G B4

_;y%fg-;%ﬁé_—z ’i—,'i’Ei@Z‘;ﬁ'?i-,ﬁ: ’Eb#il—-Zﬁg‘%T it “Lat ’ lg ’/‘l?t’f! 1o %WJLL-@L 15” m

FFMAFTERFIHET P IE T RFF ARG SRS R AU R T I]
NEL o F AT H R L EMae s A ZHRAE I T ET A LR

A g2 NbS #rs Rl 2R A en e F Ao 5 R R 0 B A
v gt JUCN p A1 B F 5 e a4 kdp v 2w~ 9k A 2 B R
Mo A e S R AIT M R AR > SR L NDS FRE R LR

e AR 2 3 -
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1BIRFE D (%) ELER

275 sSEFE

250& <75 |EXFT THEEREEIUCNEINDS Z BRIFE

225& <50 |MA™E

<25 AFaE FHEEEFBEIUCNAINDS 2 IKIEE

B 3-19 p A= 42 =0

pUCh o BRER ATER I K éa?aﬁwjfrgﬁf;jﬁ%@ﬁﬁ{gi{@ % & NbS ki >

<

CARE Ul &L Faceoy i N O e -3 S B gy AR 1 B ot ik o
BRI R F AT o R B RN AR B8R g

.ﬂ‘s

oo
4‘}«&
—h

-

i

‘3\!—

RS R o UG 2 6 i fe] el .

B A 2 0 0 TUCN 4 B2 7 % 2 45§ 7 3% Bxcel 4 2 5
S o BRI ARACT

(=) z3xp & ® —*ﬁda%%gi P TREFTR R AR L o

() FThrEe EER

A Tk (Resources) | + 28 ¥ » 7| ¥ LenZ# FAFAE kG =8 o
FHer e AT A B SR ARTA TR Ak E A4 THIT MG A A TE
e R EPREEP P S

(2) BEppiEEs (HERRES LI RF):

a. Bdn ¥R 4 35 3T £ B iE 3 4p 6 ¥ % (Strong, Adequate, Partial,
Insufficient ) » % sei#-p & 2 * EE kg o

FIEEM RS Y A BEA A B L RTF]
FIRAF TS 2 GHFTH ¢ HEL - RTF - FELL T EBE -

(z) B&F=k (Overview + % ¥ ):
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FE-REN G 4G B TR
Mywik B (Radar Chart) | #eALEER A~ F >
(I) »HEEBER
FEESRBEFEASFAENNIM AL E R O B AT R EE
Ao Fh TR s RER B e U

() REHMBBEHAI T

SR PEPREER B EREELITFES(F WiTE PPT & PDF #:5¢)

Fetp M AL M4 o FEHE S IUCN & %855 0 7 % NbS R3]

s

(NbSStandard@iucn.org ) # 2 74

2.

B b2 REEAR 2 o

MET RGBT R 2 p RfED 4%%@7;& oA b IR R T *g Excel #

% -
= %

DS A 4RI SRR o FEU T D PR E Y # R AT T
BAKT - H B0 B AR EY TRED WS R R

EEI: Nos

TEIRRSE &R TREME 7R W o i FAEE BEX BiE - EsE

11 [EEEEAEMEAR
B HE

BERAZBEA 8
H £

R | B UAREARASE
- | SNEESETES. I
A

_E - HRCRENTENR
F RESIE0 S ]
EZHERECE &

;o
mEi

FEREE
RETTHATHE

éﬁ‘s SRR BRI EATH
?
&Rl BUERTEEHE
13 |$FENDS FREEMA B
A
ki

62

doi:10.6342/NTU202502745



Fri BrmAf

4.1 HEC-RAS ¥\ %%

FE BB R B -‘3= -

TENV BB 0 AT EL R R R R E R
‘%3_}\4 m’%\?ﬁ-, ;/-? /g/é7k¢%ﬁ%“b F;{:‘éﬁ I,,Li}ﬁ‘fﬁl\ 7}{ff’_£ /::L—‘i o

4.1.1 # K EBA T B

AT AT B £ E 7 HEC-RAS 2D 2k ik @ & 4% B v 5 512 204
F 4 (2010) T ez 50 E LM F-KIBERFFIBF » T 04 mRB R o 9
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