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Abstract

The increasing demand for water in Taiwan underscores the importance of understanding
watershed water balance for optimal allocation of available resources. Given the diverse
hydrological conditions across watersheds, hydrological modeling is often essential for
comprehensive assessment. This study focuses on the Laonong and Zhuokou Rivers in the
upper Gaoping River Basin, as well as the Zengwen Reservoir watershed in the upper Zengwen
River Basin. Using rainfall data from Water Resources Agency and Central Weather
Administration gauges, as well as gridded rainfall data from the Taiwan Climate Change
Projection Information and Adaptation Platform (TCCIP), the Soil and Water Assessment Tool
Plus (SWAT+) model was applied to simulate watershed water balance. The Non-dominated
Sorting Genetic Algorithm II (NSGA-II) was employed to calibrate model parameters,
simultaneously optimizing the Nash—Sutcliffe Efficiency (NSE) and log-transformed NSE
(logNSE) to evaluate simulation accuracy for both high- and low-flow events, yielding a set of
Pareto optimal solutions.

The results show that, after NSGA-II calibration, simulated streamflow in the Zengwen
Reservoir watershed (2005-2022) based on gauge rainfall achieved NSE values of 0.55-0.58
and logNSE values of 0.74-0.75, while simulations based on gridded rainfall achieved NSE
values of 0.20-0.62 and logNSE values of 0.28-0.69. In the Gaoping River Basin, excluding
two periods with poor rainfall-runoff relationships, streamflow in the Zhuokou River
watershed (2006-2008) achieved NSE values of 0.62—0.63 and logNSE values of 0.57-0.64
for gauge rainfall, compared to NSE values of 0.31-0.33 and 1ogNSE values of 0.56-0.58 for
gridded rainfall. In the Laonong River watershed (1983-2004), gauge rainfall simulations
achieved NSE of 0.54 and logNSE of 0.48-0.50, while gridded rainfall simulations achieved
NSE of 0.56-0.62 and logNSE of 0.42-0.47. Overall, gauge rainfall-based simulations
outperformed gridded rainfall-based simulations for both high- and low-flow events.

In terms of parameter sensitivity, the choice of calibrated parameters had limited impact
across different rainfall datasets. The most sensitive parameters were ESCO, CN2, and AWC—
variables influencing hydrological processes above the soil layer—while SURLAG was least
sensitive, likely reflecting the relatively small catchment sizes in Taiwan, where less surface
runoff is retained in the surface runoff storage. Gridded rainfall generally exhibited lower
annual precipitation than gauge rainfall, resulting in higher evapotranspiration ratios. To better
match observed streamflow, simulations with gridded rainfall required lower initial soil water
content, reduced aquifer recharge, smaller baseflow contributions, and reduced channel
infiltration (CHK). The Zengwen River Basin exhibited higher CN values than the Gaoping
River Basin, indicating greater conversion of rainfall to surface runoff, greater extraction of
evaporative water from deeper soil layers (higher ESCO), lower initial and final soil water
content, longer percolation time to the aquifer (AQUIFER DELAY), and lower thresholds for
vertical groundwater movement (REVAP_MIN). These factors led to slightly reduced shallow



aquifer recharge and, despite higher percolation potential (PERCC _LTE), slightly lower actual
deep aquifer outflow. Although baseflow response was quicker (higher ALPHA), a higher
threshold for groundwater conversion to baseflow (FLO MIN) resulted in lower baseflow
proportions. This study not only elucidates the hydrological balance of the Gaoping and
Zengwen River Basins but also contributes to the development of a localized SWAT+

streamflow simulation framework for Taiwan.

Keywords: SWAT+ model, Water Resources Management, Hydrological Modeling
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hiEd L& (2012~2022) MR ek enpFE T ¢ o ’fiﬁﬂ» FRETRZFAY
ERETRAER > 2o R T SRR BAERN A &) B B Tl el
Bavke fedt BT ARNLE A RE A kT &Aﬁaﬁwm«vk»’w;n
R E Rk U F G EABTR Ak A P B ZAAER 3
FE TPt g (Moyers et al., 2023) -

1. *éﬂtiﬁﬁéﬁﬁaﬁuiz

B e Bl IS A LT % TR Lok ¥ ek - 3R 0 T B R K
i J\ﬂ T fﬁ"’ A28 BER VA ERK Y et 7 T gF(Moyers etal., 2023) o Gdes p

FFLRFI P AR ACE LG TR FER KB T O RAZEED W R
BIF AL KB Bk 2 qz L (Safeeq et al., 2021) o
2. x%*'@‘? AR kv ot A Ena
*?&?%%$?kxm}ﬁrﬁﬁﬁ»&i@é?ﬁﬂéﬁ%@ﬁﬂi@#g,
B AT SR TR R A vl TR RSN R L
R 2 E T G R R N X S IR E %%}&L
T LR AREA PR Al F] G Al b ahw R AT RIE TR
= 2 it #£(Moyers et al., 2023) °
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3. PR AR &I it
TEHP o~ BPIEEEE S S et RBIE A T avk 2 THEAT Y o € H Aol R
7 i T (Moyers etal., 2023) o fik ShpFR ¢ B G B L R B Lk
ERE B A ki e > PSET v R - £ R R B2 K2t F &
b FE N BT PR LKL ERE2% ) 3R R 07 T4 (Grafetal, 2014) -
o FE LR BRSO Y 0 20 BHAIPRE S S RRR LR A kake
Yo SRR FIEE 0 R B E S BRI TR KRB R RN KRR bk S YR
¥k v F R(Saksa et al., 2017) »

FHZBPRFE R - B &

Bk ot

ok o bde

R A R ,;{wﬁﬁa%%kakm L Bl e AR g F 5
ks AE7 BH S AR KFERAAL 0 5 ESE K2 BN Karke o i
HIE

kWA AR
d %N}i—%iﬁvf;&ﬁ ftfel it U Z FiERBORE k2 kAL FIER L B
=32 é““‘—‘%r/ F LRI E 0 & ’/#”?ﬁ*“ }]\-:"""”J\QIRJ'?‘?‘T"J\ Viﬁi B JF'X
-F§%¢*£—%w%-ﬂ%p/ ERBEFLI I RAVRIES P F ol B I &
B FH R ok TR 9“(Dev1aetal 2015)° ke AR ET - AR A
TR R Bk SN P T AT R R (%ém#ﬁ@mﬂﬁﬂ:éqﬂ”)
N S

BRSO RELR oM N E R b4 gt %‘i(Suryavanshl et al., 2017) -
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4] (empirical ) ~ £ 4 7

| (conceptual ) 2 3= 32 L # 4| (physically based ) 3"

y =

A2 e o 5 % p (Deviaetal., 2015)
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BT RsARN Y F T 4o
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CECRUS LR S ezl 55 S
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oA R FRE S
HEEEA S G
#3554 SHE~-MIKESHE
& SWAT 5% o




k=038 d 3% 5 Slicle 2 g S BcR AT ARG EFRE R 8 Lk
< #38 ¢ 7 VIC model ~ TOPMODEL ~ HBV model ~ MIKE SHE model f= SWAT model >
H i@ 4 4o (Devia et al., 2015) »
1. Variable Infiltration Capacity model (VIC model) :
VIC model T~ % A F 5% « v 5 AdAE 2 WA 0 B AR B KT A
U0 REFERSGVE BReEY XTI R EAFA > P ENY g R 1E0 s AR
FERTRBEALR S *Efﬂ*ﬂ—%& DR FRIE R ARG T RART TEH s i
A2 HPEETRE AP EE RIS BRI EF I EHEATE
2B E o E 2R mEHF SR VICH e B > 5 Bp ik
FEIERIFT Y RPN g 8 4§ F %1 (Deviaet al., 2015; Gao et al., 2010) °
2. TOPMODEL :
TOPMODEL & - &% /\#‘\7#74“*‘11\ B e ‘”K/w\ﬁ—*‘”fiz—’f'ﬁ LA
HPN > FLH S Bch®p 27 plE o TOPMODEL # # » 8 - & 5 B3 &k
oo TRERRFORERCBAET 7f~‘— P MU ESIR RIS vk Y 7 G e 0N ehd &
PendtyiEm- R S R AR TOREFER 0 B RS E i BB e A
ip#ic 7]yt TOPMODEL i & % & F] 4 & 4£50 88 & 278 2 3 H -k (Bevenetal., 1984;
Beven & Kirkby, 1979; Devia et al., 2015) °
3. Hydrologiska Byrans Vattenavdelning model (HBV model) :
HBV #: & - a2 2 # 02 g APk~ 5 FB K% g2 J";%J 5Bk
‘év P XK S R PBREREART R PR RAER TR
FOEFTHE ZHFEITEEFTAHA T 5F degree-day HHift £ 'rr:‘fiyf;] BEEi o P
© 3 2R ADHBV X &5 B g ixifit 2 R aR RS B (Deviaetal., 2015)0
4. Systeme Hydrologique European (MIKE SHE model) :
MIKE SHE 5% & - a4 3@ A A A H50 0 Flet § & = Bt T o Sl @
Bos & 2 AL 0 &2 HBV fistdp vt » B g ¥ v ) m% Koo AR 7
o s FEATC BT o~ p it s Ap e 2bib ot b TR IR B 2 k2 AR LR T
By FRBEPLEOHEEAR - 82X MIKESHE #5538 5 i 4 3302 & 55 > 1
SRR RA e REFERITL LA R F R P TS AE
(Devia et al., 2015) -
5. Soil and Water Assessment Tool (SWAT model) :
SWAT 5% 5 — fad & F 5V 2 47 s e 18 ZL A A #0504 ;]*‘«u’bfﬁ—‘k & KRB
A LETBIBERE F8- Hmh S-k* F RE = (Hydrologic Response Unlts,
HRUs) » iz#* HRUs 4345 7 fe et 2 1% ~ 2 3Eag A fel B kg 7414 > FM &
 HRUs 38 chie & o g ol » 2 R e g ~ R ek A 8%
A A L ;Tﬁf\’” JEF 24 vk 2 #535.% % (Devia et al., 2015; Easton et
al., 2010) -
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SWAT #5582 e ¥ e itk et cnd Blaimar 2+ FRIFARAGE AR
B s IR o &35 AT v TORIEE B TR EATE e FATE B T K
ﬁa“d;%{r»'r J\J\x“’.“"%%p—r-@lﬁk :est*lz/,}*rsﬁx L‘Iﬂ’mﬁﬂ » Bt IR L 2. Y egp
FIEF L BTMF o A ZEH MK B AN F A ML S 2 49 (Amold & Allen,

1996) « - ¢h » & B2 e SWAT 58 - Bfoc 2o 1 & A ety i
RS RSTRBEE IR PR 2RI > R FREE TR e
ﬁ%%@ﬁ@@mdeMUWESWMﬁ$§ﬁ%ﬁ%%?ﬁﬁéﬁ#%ﬁA%’
F PR % i3 e 514 (Binietal, 2020) © F]pt 0 AFTF i * 2019 # 135 SWAT H#:
FOATE O enFT ik A —SWATHHCS ki 77k 2 3% -
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Unit(s)

Water
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@] 2-2 SWAT 4- SWAT+2_ £ & - 51 % g (Biegeretal., 2017)

SWAT #-5% ;e &~ E_1990 # % & 5 SWRRB model f= ROTO model #7F % > B
I FERF R A e I 223 ER TS HTR ‘ﬁi«?ﬁ-’)% K ’?‘rﬁe?l MNP P TR AR A
AH o eIk nd R /@?Jﬁ CFBHARE O AR AR ESR T AN ETE
By pERa kP EAE RFERAEHNE (kY0 2017) 0 5 E ok
Fent 8 W HRU 2 A AH & S EME AT R Radike o gt 3 gk a3t
B p oo o v B RE s 2 W5 4 0k 4 kR T (Biegeretal, 2017) ©
BB AT Ak iEe o e f M R DR 2 B bldo i
mEEER R E o R AR TR e ERBIEL B o Efen ¢ iEE E R A
& fk o @ 2hee &iE70 (Kakarndee & Kositsakulchai, 2020) ©

SWAT #5778 B 4 B Ff & 2019 # 7] 5 # 8 U 1h RS i 2 2 B3R 4 o 4L
Z SWATHH:C (2 571 0 2022) & —‘k wd 2 RS RIEFE JeffArnold £ L 2 H By o7
B 7% (Deviaetal., 2015) - SWAT+# 3 \ﬁi % SWAT chil A 8 7% » r i —‘ﬁ AR N
A (Gldetd-ko s ZHFAT 2HRS R R E ) feE A B P e L 2 2k o
SWAT+H5¢ & ﬁ%fﬁ’ﬁu ffeA i’k?fi)ﬁlli‘fﬁré?%ﬂﬂ ENPLER 0 TR K DIRF P ALF D
% Fo el A e SWAT 5% 1+ 3 %~ 7 e A a0 A Fehi & £ J (Biegeretal, 2017) -
4o @) 2-2 ©
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B L Ao d St 8 PO A RIS R L B X IGE R B A 4 f

mbmomna%»m%m*ﬁaml¢ﬁm%mv%w’w*i%
Bedy o T R A SR e L (Bieger et al., 2017) ©

2. #7# § BLH ~ (Landscape Unit, LSUs) : SWAT+i? g Bl F o 2 18 g KT s
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Wz ey B I -ﬁﬁZ—LSUS& +H Ao\,"a k< 5 g HE ~ (HRUs) » 4-§)2-3 -
HRUs # € & % - B 4pid % 3% > 7 4]t HRUs e %-#ic it (Bieger et al., 2017) o
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3 DS25 P .
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6 DS47 ey
7 DS32 EF

o8& By

- ~ SWAT+HHC54

FiE SWATHE N B 7R B W PR FERBITHES Bre & BV /I
PNoEE R SIE A AT M TR E R AR R p R E R RS R L A
L@t o d VR ERE EFIE kg elmp e A REFEHF - m SWAT+H
PRk~ BB IR E T 250 5 A# > B o e

t
SW, = SWo + Y (Raay — Qeurs — Ba — Wieep — Qgu)
Hoe > SW 4 s et 3 52 kE (mmH0)~ SWo i 474502 3 5k (mmH20) ~
t 2P (X ) Ragy 2 % 1% e K £ (mmH20 )~ Qourt 2 % 1 % e £ &0 (mmH20 )~
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€ (mmH0) ~ Qgw & % i % chw ﬁTp g (mmH0) (SWATH, 2024) -

B RS AR KRS L (HEERE R R R RS ER
%2 R el > e P SWATHEES cdp B 5 b > @ SWATHEE S 2 5 SWAT ¢
A AFE2E > &7 #4 SWAT #i50 rﬂ#ﬁ&é?}g{—’ fpE4 7 2 SWAT+HA S 48 L% Bk
FHIGERERS S TR B RS T Ry FEOBFE IS TR B
Ford3-6o L B T FBHE Rt R 4eRl3-100 ¥ b o e T Sl A fr g
Belcimz A& 0 BT 3 (SWATH, 2023) -
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% 3-6 ¥ T Z B 4 - 31 * p (Andaryani et al., 2021; Lin et al., 2022)

FEAE | ZEEE (BRI TR | AFEIS (BRI TR >
alpha aqu 0~1 R 0~1 days
aquifer_delay hru 0~1000 RPN 0~1000 days
awc sol 0.01~1 B A AR -10~10 mm_H20/mm
cn2 hru 35~95 B A AR -20~20 null
esco hru 0~1 B 0~1 null
flo_min aqu 0~50 B 0~50 m
percc_lte hlt 0~0.9 AR 0~0.9 fraction
revap_min aqu 0~50 AR 0~50 m
surlag bsn 0.05~24 ERERR 0.056~24 days
chk rte -0.01~500 R 0~500 mm/hr
Fraveon

ESCO

CN2 -~
T SURLAG
Root Zone Infiltration/plant uptake/ Surface
Soil moisture redistribution AW Rraff
Vadose (unsaturated) . 2 B Lateral
Zone | ¥ e | S e S Flow\\
V \4
Revap from shallow aquifer Percolation to shallow aquifer Return Flow
e
shallow (unconfined)) REVAP MIN AQUIFER DELAY ALPHA -~
Aquifer = 4 =
FLO MIN
Confining Layer
Deep (confined) N
Aquifer Flow out of watershed Recharge to deep aquifer PERCC_LTE REVAP_MIN

B 3-10 & 78 $@c¥-k = ot B 52 7 £ B o B #cp (Neitsch et al., 2011)

1. AWC (Available water capacity of the soil layer > ¥ = : mm H20/mm soil )
FHERFERFRARE o aAWCZFC—WP’i%;‘:E%”&_Q B¥-kE (FC) &
ARAHZZZE (WP) 2 FFavkE £ 8 > oiii  AWC £ 23 e fi b it {1 % chde [
poFRETF IR E o m R TSR T I kA o SWAT 558 ehr 3§ ¢ 4
A G LR EEFE ARk EALE BEkEpr o ’JUv\‘J gi8iT 2%
(A, 2008) = § -k % e FI 4 i FALE 2 3~ R TP JLg AL R LT -
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CN2 (Condition II curve number )
PEREEET e ME > AR e 2 A —E0 K Bl etk o § CN2d#c
=8 4r§ v o 2 'ﬁﬂzﬁ}x"‘“ 1\19,45%5_:‘_ R SE SN - CN2,“}I"§’E‘J
% o "# }xw,gﬂ Eh AL B LER

AQUIFER DELAY (H = : %)

SWAT-+#£ * Venetis (1969)#% ! ¥ & Sangrey et al. (1984)/&* »* "' & /¥ Tk F J&
#A e g #c ¥ 4o 8 30 Bic (Exponential decay weighting function ) » % $-#% § K &
MR G 50 AL 5ok K chpE B % (AO, 2008) o B 0 ¥
AQUIFER DELAY ﬁifﬁ_,ﬁ S0 AT RAAILT] Z R A P é’} Ao B TE KA TLat pEF
BEAR B2 B 4R B R T A EHOR 7 R R AL EAT K T e P O B0 T BHTH
STk ToR B R P ER TR K E S 2k BKE

ALPHA (Baseflow alpha factor » # = @ % )

Fhon R i3 il A3 TORGREAT G R hE gtk 0 R 2 e T

_@gw-f»}_;m[m]_ﬁ

Quo | BFD BFD

o —i In|
LY,

#¢ » BFD AUni A A e dp A R EE - BEHEGH AT N e B
ALPHA ¥ m 38 ko e R preniz 5 3 2 E o7 g S B aniinng o
TE EORERT oo TR DR 2R D ang B o ALPHA #ciE 4 370.9~1.0
TG F efbend b TR TR AR R AR A o SRR R
o BB R0 1~03R A AT S F R BLend 0 T oRAR R T AR A

FLO MIN (Minimum aquifer storage to allow return flow » 8 = @ = ®

RFE ik ZoORE RS o ZORE N RETI R BER R 4 AL RN K
2 F 7 kK kE ™3 FLOMIN RIPiE+ € 5 & T KA & o

ESCO (Soil evaporation compensation factor )

FHEFEFAYFF R FFVARIREFFRLFR DT R LE P (TR
23 %8 (crusting ) &2 B 4 (cracks ) 2 25880 ¢ %% 7 &% 5100mm pF > 7 = ESCO
HIEA BFR DB ZHFE o 4oB3-11> ESCO 4% » #o5S st 5L FA et 1%
PEB-EBRA S F 2 CESCO AR o PIEFAILREY AAEAE o

s
V/rl‘L )\ °
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Evaporation allowed with depth
assuming 100 mm demand

35.00

3000

o //—"7
2000 /
15DD //

Maximum Evaporation (mm H20)

1000
500
000 1T
1 51 0 151 201 251 301 351 40 451
Depth (mm)
‘ esco = 1.0 esco = 0.9 esco=08 esco=0.7

Bl3-11 4 78 5 REER A F

7. PERCC LTE (Percolation coeff from shallow to deep » ¥ i+ : fraction)
FOR K BB 3 RR kA eni%ik Gidic o f PERCC LTE e = » 27K 77k
BHIFR 0 GIFE S F 2 BB AL o R R T BEINER 0 bl .

8. REVAP MIN ( Threshold depth of water in the shallow aquifer for “revap” or percolation
to the deep aquifer to occur » ¥ = ¢ 2 & )
NEE TR PENTHEE N T RFEIFE ZORE TR E P RFA T
FRE G kAP kRS R £ REVAP MIN P& > 4 is kA 2befoid 58
- :T‘}u{}ézg‘vv " & (revap), 23R 7k 7 kk oAz o

9. CHK (Effective hydraulic conductivity in main channel alluvium > ¥ i+ : mm/hr )
ABREFFA DT UL BE G ENT RE SR TR LGB RS S e e
®13-12 > (a) gaining stream : 3R F ~ Ffods T RA L G9EE S (b) losing
stream : P3N A L GNEE 0 Bk TR K i il 7 4 oK (c) losing stream perched
above groundwater system : =3 AF L F UL 0 AT TR kA2 B P AR (d)
flow-through stream : J%7it o P jads T R ¥ b ToRER o

o) @
B 3-12 j&/n e T R enhd
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LR R A2 £ Al CHK #ciE > 4o & 3-7 o 3305 e T kA L ahy S E
(perennial streams) @ % > # CHK #-5 % -

037 £ 4RI B MR B bk R

Bed material group Bed material Hydraulic
characteristics conductivity
1 Very clean gravel and large
Very high loss rate sand = 127 mm/hr
2 Clean sand and gravel, field
High loss rate conditions 51-127 mm/hr
3 Sand and gravel mixture
Moderately high loss with low silt-clay content 25-76 mm/hr
rate
4 Sand and gravel mixture
Moderate loss rate with high silt-clay content 6-25 mm/hr
5 Consolidated bed material;
Insignificant to low loss high silt-clay content 0.025-2.5 mm/hr
rate

10. SURLAG ( Surface runoff lag coefficient » ¥ i+ : % )
PR e BRI AL - R AR @ sk R
fd R PR o T A M T B R LIRS R B A B LT
FocT 1P PP o SURLAG £2415 % fo3f 5 20t G ehw % 3 A 3Sjmie » o i
boBI3-13 0 dp e R T > SURLAG #id% ] > 4 7 3 4 iSimimieim i ot
IS ARk G ET AR TBAY » FEEERI AR R Y R TR
1.0
0.9
0.8
07
0.6
0s surlag
0.4

0.3

0.2

fraction of surface runoff storage reaching stream

01

-k L th D D 5 D

D D L 1 I 1 1 1 1 1 1 1 1 1 L 1 L 1 L 1 I 1 I

time of cancentration (hours)

B 3-13 7 = SURLAG fri i pr B 3 & T3t o) @l 58
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~ B "‘#-:hgt
TR AT N R R 2R Y § Bk R kPR R ek

~ ﬁ—;‘ P TR 2 RE & 42 & (Krause et al., 2005) - % #c#= 3 ¢ * Nash Sutcliffe Efficiency

(NSE) ' itz 3 plenp i &40 ? x £ (Eini et al., 2020) - # & * Logarithmic Nash-
Sutcliffe Efficiency (IogNSE)¥ B2 1k £ itk /2 (Asurza-Véliz & Lavado-Casimiro,
2020) o Flgt o SWAT+irjin & gt 55 % ) % 18 » % NSE ~ logNSE & féidp ¥ % 7 2 #i3% i%

BRI E AT RS -
(- ) Nash-Sutcliffe Efficiency (NSE) :

Z?:l(QObs,i - Qcalc,i)2
Z?:l(QObs,i - QObs,i)2

NSE=1—

29 Qopsi LH 1 % IRNITE > Qops, TILRIIT R 1T 5E > Qae LH 1 % 7K
P2 R o n A% oo NSE aiid 38 Fl-co~1 > NSE=14 77 #5° i fopip] 7 42
R 2- R;%F NSE<O Pl & m@plim B2 THEv 3 g { BmeoF5 T334
RS E L T S g B 2 R R R (e §
BAER AmEL > i NSE &% KGRI AR R F Bttt o - e g Aok
> AR EY SCNSESS v e i BHREREE  Irk3-8-

% 3-8tk TAp iR R A o 31 * p (Moriasi et al., 2007)

Performance Rating NSE
Very good (254 4% ) 0.75<NSE<1
Good ( 1%4%) 0.65<NSE<0.75
Satisfactory (% & ) 0.5<NSE<0.65
Unsatisfactory ( 7 % & ) NSE<0.5

(= ) Logarithmic Nash-Sutcliffe Efficiency (IogNSE) :

Z?:l(logQObs,i - lochalc,i)2
Z?=1(logQObs,i - lOgQObS,i)Z

logNSE =1 —

B Qops L i % PLBIT R > Qops LHLRIIN B T IDE 5 Qg A H 1 % P
2 R E on %% oo logNSE £ A KTR T > L35 NSE» B0 B
£ F & eng z;rg , ‘_—Iﬁﬁbq’f j\fgfﬂﬁ:}\4 [ g AR e} = A ig\z#]?ﬁ]_oof\,l ,

- R ; 1ogNSE<0Q # 57 55 R4 > 3 4rE

'/n
F logNSE=1 EA I TR ﬂ}f\?ﬁyﬁ P okl
TR EP|ITIEE o
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U

\ﬁimﬁﬁﬁﬂﬁE%HmKMH)

TR REBCE S gk AL % NSGA2:E Tt o LR PR A TR Y
=N (Non-domlnated Sorting Genetic Algorithm II, NSGA-IT)d Kalyanmoy Deb % 4 3+2002
EXxD ARG EFE AR A S T RFRL S BPIT BFRNP I P
53— Zta 3 & ik f2(Pareto optimal) - ‘;}Z”ﬁ - BiREG S ENE @ 2 o NSGA-IL 5 -
BIPHRBEEEE R A% SWAT 87 k22> 5 ¢ 271 B4 s
(Asurza-Véliz & Lavado-Casimiro, 2020) » Pareto =7+ & B » 4-§|3-14 -

A

»

The best solution
¥ of objective 2

7 2A1n02[q0

v Pareto Front

®

®

The best solution
> of objective 1

Objective 1
] 3-14 pareto -+ & B o 3! * p (Yangetal., 2018)

28 PR '3’* 2 % FOoNSGA-II 73k 3+ ¢ 24 % 2 & (elitism )fr 4 fe( dominance )
F1L4 o NSGA-IL B 2 chbl 4o 4o (Asurza-Veliz & Lavado-Casimiro, 2020; Gutierrez
etal., 2019) -

1 A= fids
PR AT A ho g A SRS E A2 - B S L 5 N ) 8% Poo
2. A RER
LS I ER 0% Sk SR A R iﬁ"**ﬁﬁﬁéﬁ#kﬁ 2kt A L
- BfE e E'ﬁ'—m;@tF;"l‘S% ZNY - BRSPS ]El’&k Tl g PRI A AR E P
RAbfrertpfs- K m %= e g7meials - R ROBE &
AL 4o 3-14 0 KRR ﬁ;m@f@g o
3. F

B R Rz EALER LR % A1 B ] S NS REF Qoo
R R fER
B Pofod RAEH Qo s 0 Ad - AL R IN BT
Fefh
?E*Aﬁ #kﬁ?“;“fﬁéi—f- TiemR£RE » TP é_iiﬁﬂﬂ% R
o B A A S enfBE R bk TR ER AR B B2

\)

TRy

2
it

EY )‘-l- ~

ey

o
S

L
e
r
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| EHEHPaP > §ABENE - DR R R
TR N B R o B R - W HNEEE [ N Bl 23R A N Py o B
> LAER R A AR g mze LR MAT R o PRI R E D A2
EREFHRT - BO G 25 B AEFEEPE 5 N BEHE AR o ficts -
A AR TIC RCATE: = L SP ‘ﬁ:é’ Vi LR HBR IR TTERE =R o gt
o L RO RN TR ﬁ#k—f—'ﬁ‘ MRRTRR > FRFE 1 B
BEAL > R & @ % BT iR iF LR BEATA) S iR 2 A enT S K o 4o §] 3415 0
7. F R fAE
% A ) S NRTOEF P EFTERE ~ JRRE > AEITHF AEFE Qin - =+
o imE No
8. ik :
ok E P EoX Rl PR B E .

f_] 0
L o
o

Cuboid

=

|

Bl 3-15 Fegiiedgss & o 51 % p (Deb et al., 2000)

BTk 2 (el o 1945 NSGA-IL & % B+ & enT 3og 4 2 W edt (Diw) iF
A% o) 3-160 28 TE w1 A /A 3t 200 1 1000  pF > T oR R T A EF L

L2t B & K FriR B 4 o EL S-S TNV m;fé*—a:«: ] (NP) # i » %*ﬂ% SRR Y
EEFER AR EZ AT 0+ 3 ‘,‘5’5‘;{ = 100 i# (Gutierrez et al., 2019) » 4] 3-
17 0 Tt > 18 R 3K 25 200 2 % 5 B B Aé’r_j_ 100 B f2 > =% € 22 20000
B f% > & {425 pareto optimal -
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)

b 130 min

8 024

a : 39 min

© 26 min <mm .

023 032 038 65min | 78min | 90min| 104min .

é‘ o 029 030 026 033 117 min

: 0.25

Z

e STy, [
ﬁi_,.,/\w ‘MJ"’—"""__M’\_“__ N
e s~ =" e IS e
200 300 400 500 600 700 800 900 1000

Generation (1)

B 3-16 NSGA-II & % & T g el (Di,w) & i 1535 - 51 * p (Gutierrez et

al., 2019)
References Np NP MOEA Model type Model name
Bekele and Nicklow 50 6-12 NSGA-II Conceptual SWAT
Guo et al. 100 7 NSGA-II, SPEA-II Empirical ANN model
Guo et al. 100 5 SPEA-II, MOSCDE, SCE-UA, SCEM-UA, MOSCEM-UA Conceptual HYMOD
Ercan and Goodall 80 6 NSGA-II Conceptual SWAT
Mostafaie et al. 50 4 NSGA-IL, PESA-II, SPEA-II, MPSO Conceptual GR4J
Nazemi et al. 50 7 NSGA-II, SCEM Conceptual PC-IHACRES
Peng et al. 100 5 OCNSGA-IL NSGA-IL, NSGA-III, SPEA-IL, PESA-II Conceptual HYMOD
Shafii and Smedt 50 11 NSGA-IL PEST Conceptual WetSpa
Yang et al. 128 9 £-NSGA-II Conceptual MOBIDIC

Np population size, NP number of parameters

BI3-17 @ % 5 pARie w82 A k2 HARELFL P ok E L ] (Np) i o
* p (Gutierrez et al., 2019)

Js B3t etk 2 (calibration ) ¥2 %3 (validation) % mEiFH Lo Lk &
e G rans ik A e (spht sampletest,SST) e F L7 & b F g2 i hi L)
Wt ¥ 3 5 P pgengk (TR ltﬂﬂ%3@%L&ﬁpz&ﬁ’ﬁ535&$@ﬁ$
i %’K‘& i i fJ’?iLﬁ ﬁ J\ 1‘3—;?\ ’ 5}%?* 50 ﬁﬁ e —’rﬁ??}i/’v\ 3'1';’ 3’&5@5?%&”’\

%@%j&ﬁﬂ% @ mim @ﬂﬁi,ﬁf’ﬂ*iﬁv 'ﬁﬁﬁﬁT A
%%ﬁﬁ’é&%%mF%Qva’ﬁﬁm;,@%%¢a%ﬁ\ﬁﬂﬁJ Faw
RGP R T R F &S % B4 - RK(Shen et al., 2022) o Fpt > AFTF K-
*or BRI T AR TR R A P T R

~
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¥ & Fpinde

FER Rk ARERFRLFRESEEL S A Lk TR FAj
Ao AT E AR ﬁ%m%“ﬂﬁuﬁhim’akgﬁgﬁfgggﬁ KGR
Bkt P REACE v IE SR Y E IO 2 REE AL RE A BRI E
#$%@§%%WSWM¥mqL%wgm&’zm@Nxmna%y,agﬁﬁg&
S e P i 1t NSE ~ 1ogNSE » 8 0 50 il % &~ MR 2 22 it
BFFE RRS NG hilkie s LRFA BL S v L ke ok ng kA4
Bl BotsE Sk o 4o@ 3-18 o

HEEE - EH
v
S EERE

|
v v

KU KE

| |
v

EREES
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v

NSGAIIEE
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EEE - EXERE
SEINELE
v
GREEE

B 3-18 7= § i AZ. ]
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FwE EXRERkFGVEY R

o8 nEdR

Bk BBERRANT R R pfa BRF kY W RRlEa &R
20000 2 f%¢ > pareto £ 70 % > H logNSE 4 ** 0.74~0.75 ~ NSE P 4 ** 0.55~0.58 »

2B AR TR R R R R Bk RA T BARE LB SRS
R R B 41 e
1 0.8
0.8 0.75
06 0.7
% ' ¢ w8 % 0.65
Z 0.4 ®e o Z
' > 0.6
o i H AR 02 . )55 %
® pareto @ pareto
0 0.5
-1 -08 -06 -04 -02 0 02 04 06 08 1 0.5 0.55 0.6 065 0.7 0.75 0.8
logNSE logNSE

10000

1000
100
7
=
9
5 10
=
= !
0.1
— WALE — BERE (T0mER)
0.01
& 0 o $ Q N W el D 5 ° A ] S N " 9
\P‘QQ "LQQ ﬁ,QQ \F\QQ AQQ F\Q\ . "L\\‘\ ) "],\\\ o \ ﬂ\\:\ \n\\\ ’\,Q\ ; "LQ\ _{-\Q\ AQ'\ n\\-ﬂ’ | AS", . "‘S‘"
\,\‘ v \Q \‘\\ \.\‘/ N4 \\\‘/ N N \‘\‘z ¥ 13 \\ 13 N\ N _.\‘.» \\\ 14 N4 ! N
N N N N N N N N N N N N N N N N N N
55 H

B 4182 KRR -RRPR=AE2 B RIS S

f }H;;ﬂ #3580 20000 2 f2¢ > pareto F 209 - e F] 5 3807 f# 5 logNSE<O0 »
Foom MR EE EHREL s r @ 2P JogNSE>01124 e f2:e {7 4~ 47> H logNSE
/i 3% 0.28~0.69-NSE J] 4 3+ 0.20~0.62> 4 [B] 4-2- 2% & Pareto ¥ 1124 ,E‘_ﬁ’ir’ NSE-~
logNSE 2. >~ # PP B/ 5 = 3> 2 R 237 RBPAEF £ B 2 < > 4Rl 4-3 0 Flpt -2 o =
(a) logNSE # i ~(b)¥ B ~(c)NSE i £ = 3 » {6 & W87 S8k~ et b 47 0
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B 42> W43 FREFIERY E@) (D) (= H5&ke &g ~ Mg ®
B AR G AP R LB B S % (a) 113 & fdo 2 NSE & 4% 0.20~0.34+
logNSE & /] % 0.52~0.69 > F#i & 2 Ripe &2 M€ ¥ 2 i Em R e
ERAEEEY AREL NS HEAZERYEE LD TSR BHEE R D)

1 2% #NSE & % 046 ~10ogNSE Q| % 052 S E M B2 B A3 8%
PR EE 22 do(OR AL e 3 B IGRRT PRI R B RE DA R * (0D
10 %2 %#c > 2 NSE & 5 0.59~0.62 ~ logNSE & 5 0.28~0.51 #:' 5 153 Fin g%

B > AR EE NN E R TR IR o

-8 ARSI s i i*mm g 1‘3—%&;}*/‘3 dodo 4-10 ®* pleba RS R F
BRI R R A Rl ke AP RRA R E G N A T o

ERA TN FELERAR T UpRHREF TR LA MR EF 2RSSR MR
g ok B

BF AR G BT RBFEVREFREALTETR FRER SRS EITAR

o418 v R S

¥ v iplka g Wooigefa
NSE 0.55~0.58 0.20~0.62
logNSE 0.74~0.75 0.28~0.69

i Sal

Blabw B Pareto e ¥ ® B 4ok 420 EH- T2 QIl~Q3 22 & St T
R kit g v KE R KR kv el 2 B figge R BT i 2380502 5
CN2 Wt Gl % 2 320 5 58> ° SURLAG ik > £ 7 % & #1530 £ 3Z70 et b3
oo P AZiE @D P e S A¥ Tk & 0 FLO_MIN » ALPHA # CHK
BEIoh B TR T F kL AP ERE > Ra - LA K Bk e b
AEERFP- 27 R E P R A& Rp R AT P RPEERS T BN o
28K 5 AWC &7 b HRU ek i3 o+ 4k 25 AWC 4 *% 0.07~0.19mmH20/mmsoil>
WSt A G 2k E B B B KT 0.063~0.17ImmH>0/mmsoil » ¥ ESCO &
ol AR S T LR 02 3P RSV KA o &3k Y 6 0 AQUIFER_DELAY
ok o A HOKRE L Tk E EERE > 2 REVAP_ MIN # 42 PERCC_LTE #
BRI AREE T ok bR A2 e TREINER F oA OP RS 2R K 7
KRG A R BN A 0 3B VIR A B TR AR AR 0 0t 7 > - Pareto £
PR BEE RPN ok B B FIRE L 4of] 4-40 ¥ % L ALPHA ~ AWC ~

CN2 ~ ESCO ~ REVAP MIN %1 # $#cn®% B Hic s @ » %7 3 3 SR engtic o
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% 428 2 KRB &K ®pIE® £ pareto 2 S8

¥k ALPHA ASELT\S AWC CN2 ESCO [FLO_MIN PELRT(;C RIT\AVI';“\IP SURLAG | CHK
R 1| 10000 10 20 1l 50 09 50 24 500

min

Tk

438 2 KRR BE-K R R £ pareto i iF ST B

AQUIFER PERCC | REVAP
P d ALPHA _DELAY AWC CN2 ESCO [FLO_MIN LTE _MIN SURLAG | CHK

N = S SR L :
09 % ¥ B ALPHA 09 X .. «  maLPHA
0.8 B AQUIFER DELAY || 03 . B AQUIFER_DELAY
07 B AWC 07 s * B AWC
06 . [ Joo) 06 . mcN2
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0.5 g 0.5
B FLO MIN . + . MFLOMN
04 M PERCC LTE 0.4 P E W PERCC LTE
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0.2 . ! < e B SURLAG 0.2 s i o  HESURLAG
01 * ¢ . T . mox 0.1 x . =+ - B CHK
0-2-‘-2_:‘_”-:-- (a) 0 o o —— o 3 o o mEm (b)
B 4482 KREFLF@RHA L (D) & Shnigg air
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feten £ Pareto ¥ AN EEERF > 4ok 430 MG 3 0 FURA A R
g RS E T QI~Q3 0 drk 42~ £ 430 VHRNA Sl @ L 5 Al
£k z’ﬂ)fﬂﬁ;@ %% AWC & ESCO & @ P B 1 > Bi7 A F 13K § 27 k3 £~ FHHC
#3722 }ﬁ]/;‘ﬁi—’»'??f B RApF o b LS 3m o H CN2 v 3388 2 THiE
4567 LH B plskAa R L Ko ¥ SURLAG B /| » A FH 21/ f@% 3
FepE P RCE D AH Tk G 0 FLO MIN & CHK 3R] > 817 3 F 5k 4 5 fhin
St = L AR R s SR SRR G
f‘*im PR A M Tk e &gk S & 0 AQUIFER DELAY #cii+ » 4 4 3k

Fip Tk ERFRE SPERCCLTE #iciE { /) > &7 d XA wiFA 7 kA BRI
”'JK% Mo R T REET Rt o R A o RS ER E TR QI~Q3 & Sd b T
Fagmveg § Ql~Q3 ficii v F TR ¢ il gl TA S BE ] PR
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61



# 5-16 % v £ &K% 2006~2008 & 4 {5 & § pareto 2.k ¥ fg

w00 1 | 2 | 3| 4 | s | 6] 7| 8 9 | 10 | 1
A Ll ,é_ A L1 f}v - A Sl
wa | 7k 3w e o 7k 7k
L B o R | 2 | A | kiR | R
ok | | EE | | BE . N
mm i L] A A | AW EE | »P | B
i o 3T g , B
%E i # | o | oA

MAX | 3850 | 1810 | 125 | 816 | 1100 | 964 | 40.6 | 1380 | 23.6 786 40.8
Mean | 3850 | 1810 | 123 | 816 | 1090 | 956 | 33.5 | 1380 | 23.6 784 40.8
Median | 3850 | 1810 | 123 | 816 | 1090 | 956 | 33.5 | 1380 | 23.6 784 40.8
min | 3850 | 1810 | 123 | 799 | 1090 | 955 | 32 1380 | 235 762 39.9

# 5-17 § v iZ &K % 2006~2008 & -k 2 Jg & W i

v Rl 2 R
Eon/im g 42.74% 33.38%

S SR bie s 57.26% 66.62%

I A I & 75.06% 70.57%

o AATRE R E 42.98% 47.01%

Tk kA LE/EKE 29.57% 21.19%
P B - D A 2 & 1.48% 1.06%
EEEE kR 23.19% 28.31%

Aded G OREMERE 4.21% 2.35%
BMIg I oRE/ELE 3.87% 3.77%

Hipefa Eark2 gt sdek 5-160 e fa £ %K E 4 ;»;;Ipqn/u (3,850 & 3 )»
EFI3o5 Fplzka B4 L9850 F 5k > Hin g ehibl 2 it FUT R R o B
FCRR KR e fed B 2300 GIRF T A AT 5 H CN2 v b{# % - CHK #is
Foom EOREE G B AT BRE 0 F PR B TR H A Gl S
AQUIFER _DELAY #2+ ~ FLO MIN $+ -~ ALPHA -] » ¥ #F32 H-kiEE 1 # Tk
it JEPF R o b T ORISR TP ERGE 0 P AT L R R T A MR
PR CHEmRL At I -kE S 50 2Ha 3 ESCO #-] ~REVAP MIN # * >
%ﬁg’f ORRREE: S S S M AR ol S TS N )

Bkt o f e b iR £ PERCC_LTE $/] » & & # 7k 2 K& B iR v bl
i PR BRI BRI o F o g A B E AT PEEAKE 0 2 d K
ERBEALF 5 Aok 5170

62



S FRERLRE
(- ) 1983~2004 &

Fypplzd B 10 e forflhark e et 0 FRER KRS ERDE TS ARE Y
2,830 F 5f - B P X 319617 5 AITin ~ 3790 E&F AT 28% T H T E ok Kk o A miEn
B -REP639 0 H KRy AT AN A REL L S dod 5-18 £ 5200 gt oo
ke et LIk ok ] B S BRI R A EE PRk R EF S s AR
Fen® s o BB R ERGR e SIRe o

F. 5-18 L% B -k T 1983~2004 & jp|=k 7 & pareto 2"k < Jg &

S 5L 1 2 3 4 5 6 7 8 9 10 11

A A | A
> ok sk | B > ok
T RE TSN ¢
B | %ok Rl | ke o | 2 B | ok
y ,‘JT -‘4’; » -IJ—}’,
ol L B | | BF . N
mm € o BAT ) AT | B# ) L ZE | ~F | Bk
£ ‘ < 2 ) o
E % if g

MAX | 2830 | 882 | 118 | 806 | 1050 | 875 80.5 | 1270 | 142 | 792 | 36.4

Mean | 2830 | 880 | 118 | 800 | 1040 | 8745 | 65.4 | 1270 | 12.1 | 771 | 30.25

Median | 2830 | 880 | 118 | 800 | 1040 | 8745 | 65.4 | 1270 | 12.1 | 771 | 30.25

min 2830 | 872 | 117 | 797 | 1030 872 64.1 | 1270 0 765 | 18.8

% 5-19 FRZ &K E 1983~2004 & 4t % § pareto 2. K 2 Jg &

S B 1 2 3 4 5 6 7 8 9 10 11
A1 E’: A, f‘i - A1
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min | 2220 | 477 | 89.8 | 592 991 | 849 | 58.2 | 1270 0 538 154

63



F 5-20 FRIEE K F 1983~2004 & -k 2 J it vt i)

e Bl g R E

b o 50.25% 56.56%

# %\» x‘i‘_;m/m{é_ 49.75% 43.44%

B /E KR 62.51% 54.80%

PN I b mULE 3 O 31.10% 23.81%

Gk R RATLEE KR 28.27% 27.30%
ZokE B E D ERE 1.07% 0.87%
EEAUE AR 36.75% 44.71%

Ahed T RE/MERE 4.36% 3.82%
RS A LE/ELE 5.97% 7.45%

R eta ook ot o 8 E Tk F 52,220 % 5F ’-,”L—gw%wiz
o bRk B MO ok 5-19 & 5-20 0 9450 £ mwf;z et EEEAR A B i
Fogkivnatit o fea F AR Rt blipke o BEm et RUnE kot i 4 FIE 23T
TR Bk Mo R ER G F‘ '3 fER E KRR CN B4 7 "5 ) IE.,y%f%ﬁﬁﬁ?AWC R
MR E > 2T 3 EE IRk FERE P ERE ALK o Vb A g
AQUIFER_DELAY #+ » 2 KB 1+ T Rt BpFFRE > 7 i %izﬁ.ﬁi %7

KB 2 R o

(=) 2012~2022 &

1295 pareto “THR TR 2 T X 0 FRER K R UL E BenE TR RE 3,460 ® F
HP 935%iv s 21800y 8% &% 3BR T A3k -arpgngHikELE
1 719% » B RRER AZne A A HE L s ek 521 & 523

4. 5-21 FRE B KT 2012~2022 & Pz @ & pareto 2"k < Jg i

B 1 2 3 4 5 6 7 8 9 10 11

A Sl A Sl E - A Sl
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Ko £3 ¥ e

MAX | 3460 | 1250 | 164 | 1130 | 990 803 | 654 | 1140 | 22.8 | 1110 | 56.7

Mean | 3460 | 1200 | 164 | 1130 | 981 800 | 58.4 | 1140 | 22.8 | 1080 | 56.6

Median | 3460 | 1200 | 164 | 1130 | 981 800 | 58.4 | 1140 | 22.8 | 1080 | 56.6
min 3460 | 1200 | 163 | 1080 | 978 800 | 54.8 | 1140 | 228 | 1010 | 54
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Mean | 2630 | 749 | 113 | 779 | 1000 | 865 | 43.4 | 1240 | 229 | 745 | 38.9
Median | 2630 | 749 | 113 | 779 | 1000 | 865 | 43.4 | 1240 | 229 | 745 | 38.9
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