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Evaluation of Non-Point Pollution Loads in Corn-Autumn Kimchi Cabbage Cultivation Areas by
Fertilizer Application Levels Using the APEX Model
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ABSTRACT

Agriculture is recognized as an important anthropogenic cause of non-point source loads. Improved understanding of non-point source loads according
to fertilization practices can promote climate change and eutrophication mitigation. Thus, this study evaluated the impact of conventional and standard
fertilization practices on non-point pollution (NPP) loads in a dual-cropping system, utilizing the Agricultural Policy/Environmental eXtender (APEX)
model. Our research objectives were twofold: firstly, to calibrate and validate the APEX model with observed data through experiments from 2018 to
2023; and secondly, to compare the NPP loads under conventional and standard fertilization practices. The model calibration and validation showed
satisfactory performance in simulating nitrogen (N) and phosphorus (P) loads, illustrating the model’s applicability in a Korean agricultural setting. The
simulation results under conventional fertilization practices revealed significantly higher NPP loads compared to the standard fertilization, with P loads
under conventional practices being notably higher. Our findings emphasize the crucial role of recommended fertilization practices in reducing non-point
source pollution. By providing a quantitative assessment of NPP loads under different fertilization practices, this study contributes valuable information
to sustainable nutrient management in agricultural systems facing the dual challenges of climate change and environmental conservation.
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H[H 2ol gt pEeY 7| eE F7ME Alm ol
™, 7]3Rstol| wE v e dd Heo] Beo] HE F8
Al &3l Qlth (Kim et al., 2013; Lee and Yoon, 2019). =+Uj
Y 2oF9] A4 (nitrogen, N) A= 230 kgN/hao|w, 2l
(phosphorus, P) 42A|+= 46 kgP/haZ OECD =7} 5 714 =2
AoR HIE I gt} (OECD, 2024). GE2=]= 770
F7b8 ot (MR, 7, $718, o] A1 B3t A
Ak A o (EHEL 1, Aae) 918, 49, 14 5)E
H| gk Aoz FoA A ikge FFA7171 Sl8f vl
B AR E7HE Zo] ARdoltk el Mgt Bl E ARG
759 IR Qe FH o r fEEo £ 2@l
ojoj& 4= 9lo] HAs Te|7 st (Nam et al., 2011;
Alori et al., 2017; Cui et al., 2020). 7] ZHS= o]A}7| A2
op7|stal, Ao r U AR oA HiEEE Bl d
& S UL Y AoR oAtEHrt (Murdoch et al,
2000).

;ﬂuoﬂf\iL S7A19] HEgt ARlE flal A=

AL 7ES

Y W= AL
S AABIAL It} (NAS, 2019). i} i
7kl A@ol oEsla Qlom, AR AL HE T
= X‘L 7)%0.2 ZxgFET) 28~140 kgN/ha oA} ©f R
o7 ZAEQITH (NAS, 2020). o] 7] oFE 727}

¢
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HIF 2 WAolehs ofmeke] U] E 4= Q7] wieol A
At vl ANS I3 o plele] sttt o= Sl g
= FAA9 o B Flew Qg % AE siEst]
Qlel AR O] FHA] St ol AR AEShaL, FE
== dste ohﬁral Ao ©AAQ =& AFskar
AtH (ME, 2015). E3h oftate] Alw=o) A3S sl 4%
ol A= 20209 30 A=A EE Sl BlE AR =
o5 Ty EH] ARG 50| o ARl et 712 Fel4]
EAE =9t} QAE|EE Agsh= AR ow Y 7
Aol =&slar gk (Kim et al., 2021).

QAAE|E AAS aupror $34517] A= Fdlel

2 (Best Management Program, BMP)S- 4=
Yoles Fieskal, I fatol wRk FFAQl HlolE 5 ¢
B7P7t dasith sYolA 2 BMP= 21, i, A, o5
o, 9 =, HE, 71 B, ARA, AeAl, 224 9
AbE A, FoF A, e 9 A 55 ARt (Williams
and Izaurralde, 2010; Mudgal et al., 2012; Koo et al., 2017).
Hong et al. (2016)2 =] 115 Ajulj A S| &S ARSRLS
o), & AL 10.1~11.5 ng/ha % 919] 3.9~6.0 kgP/ha &
ZHcty Huslgon, LB EH] £l A] AL 99~12.0
kgN/ha, 21 4.5~6.6 kgP/ha, =5 EJH] £¢] A] 24 9.2~95
kgN/ha, ©1 3.8~4.0 kgP/ha7} G-EH Tl R1sl%c) ol
7HA BMP Hef & 442 58419 e 58%, ¢ e
85% TAA7= AeR B v Qth (Jiao et al., 2011).
Hunt et al. (2019)-2 212 0]AkO &2 T}hoFs) 252 L 3)6]0]
xHHH‘cﬂ- [[H _,_E]-Eh_]- /\01/\43 %X] L b‘bﬂ—l\]yltq/ﬂ ol:H
B3 o U4 ER AP e 40w Busier o
P AEEL AW ) 2w vluslel o ROy
3%, 5 91 B 3007k A 4 gk Bt
o} ok Alwe] A&3 mYS fleiAe a2 e
A = Hele HYE Pt AlH] ol ukE el
Yo g =% B7F Zasith

p

Il glom, thefeh e 9 el e dreRt vy
24 B3leF wojof &85 31 It} (Tuppad et al., 2010).
T2t 7120 3y 7]RE BEo] tREe F - it 9
HEE BMPO ZiE iy Oo R JASHA| Rohglon
(Liu et al., 2017; Xingpo et al., 2021; Salaudeen et al., 2023),
A8k EFA A9 5 A BElof thgt E4o] of et
(Tuppad et al., 2010; Ding et al., 2023). HFH, Agricultural
Policy/ Environmental eXtender (APEX) 2 2-2 USDAZ} €]
A2 AGM A A EAO Y e Rl A A
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. gol Belo] Bgetr] SAa) AEITH (Williams et
al., 2012; Mudgal et al., 2012). o] g2 vy} Fof 9|t
WA, A47Ps T AA, el 44, B4, 48 A,
o} )% So) aag weisho] ok BMPE Bk
A3 A=A} (Williams et al., 2006; Williams et al.,
2012).

Ramirez-Avila et al. (2017)2 APEX 2@ &-8-5}0] vl
Ao] 71t Bl T fET) ol Hotke Bt
o5, Wang t al. (2008)2 S22 Ao1A g 4ol

£ Sl sl o 87198 o I Baft o

(20192 Zp~3-T ARl A 32 watEe] uhE
FES v Folks WUIst An APEX U2 §&
I} FARE oS o] wif- ¢ *?‘i o, &5 BA o

Hofl e i TS5 ugh
Igell & APEX RE2 HEAQl W 3, AP, S
e 5 ot A o] ZgE o] At oo AA
ot w9 AU e E REHT 5 e A8 sEe
HojZQit) (Gassman et al., 2009).

e, APEX RES v]=0] A ut Aujehd & Big e
2 =7 el Adghd 2 AjuAlo] thE =
Aol k2 A-gsl= AL eA7E At (Koo et al., 2017).
= 9] ¢, Choi et al. (2017)2 gH=ro] =1 Afufjz]of| tj
3 HohE 9Ja) o] v A EAS WHIEH APEX RS
7180 & APEX-paddy RS 7|53t} ©]% Kamruzzaman
et al. (2020)2 9JAFS] =2 thAtO 2 APEX-paddy 3 9]
ALAS AESI AL, Choi et al. (2021)-2 SSPs AJuta] 2.9]
w2 = Wedwk WE B4 e ot ook Ee, Barkar
ctal. Q) A A 9 A4 Bl WS B715)
ok = o] 7%, Koo et al. (2017)0] 7+ a1giA] W
Aol §&} o el W Fa) APEX mele] )
448 AR vt ook T o)A APEX-paddy BHUE

hgoto] uHeY Bolds Bole A md g 9

b gzolekar 7Sk

mi?l r rE

284 37k 5 Bush AYE T YA, APEX RS
Foto] wollAl YL AN FAFL I AL v) S
nse

2hA] 2 AtollA= APEX HElS 2Hg-5to] EFAIH
OF WHPAH]of| WE S - ulj S 282bo A 9] HF 2 Y
Holere BrkstaLat o} th o] ff8ll & - S Aful
Al Az, ¢lo] BaleF J715 93 APEX 29 92 A 7S
B2 ARE F45to] APEX 2dS
-7 skt HEAow B 7IT°ﬂ ot =) EEA
oF2 H o5ty v|n - B}
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APEX Hdlo] W - HAS flsf Aehee g5t wde
e+l W A o)A uE] AE 32} (35°49'28"N, 127°02'50”
By 2/4dslo] 20182023 6|t 79 &5 44 &
A Ald A= UH] 2 m, o] 24 m=2 245k o
RO ST AR BAEE 13%0]H, ASF-
EOF (0~20 cm) EAS 122 61.5%, 1]Al 28.1%, HE 10.4%
2 AISE (sandy loam) Tt A 717 & At AT
1394.7 mmo] 1, @AF gt 7122 14.2°Cth (KMA, 2023). &
T A= =715 it A 749} 84 et

WSl WA

AFEAOIA 201818 ~20198-8 245 ok - 712
2 (damh]) 2242, 2020 A ~2023 10 844 Tk A
2 sk B2 2 F5UR VeI 9istel TR
kel

ol
r 2
£

102013-0050011)& AXFHILE. &4 BH71E §550)
58 58S ol83to] B tAaS SWNA §54
F (11008 Aok B2 §25 43, 2 Bt 2

HG2APE K55 ek, 2 AR 9oIE F2 5

FAEAE Fste] Tt A5gel &

S0 AFHAH7 |2 et 24
ek ABEY RS TS ) 5714
H EJBARRA LY “FED I AFoHe A2E 2
Sfof TSRk (NAS, 2023),
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3. & HHERH F5i2 ot nd
2 AFoMs T vy Falds Brkskr] fisl
APEX (version 1501) 222 A}85}%th APEX Rdl& =2
9 el Y] Aol thste] Aol o W B
S0l vjAe S Bl el ALEITh (Williams
et al., 2012; Mudgal et al., 2012; Bhandari et al., 2017). APEX
He A W BPEA, )% WY, 48 48 0 2
5o a4F Jgste] A&, AlH|, W, e AlE
Q) f5oF 4% 5 5ol Beleke Syt B
g7kt 4= 9t} (Williams et al., 2012; Kim et al., 2021).
0]Qjof = APEX 288 t}j7] & o]AksletA (carbon dioxide,
C0p) ‘52 71395 Tofsio] Ahge] A 0 A
3= 2oJg 4= 9t} (Koo et al., 2017; Baffaut et al., 2019).
APEX B& o tholm molsl 34 7]t 23 (process
based model)o]™, A5 AL AJZF The] = IHT B B
= AR E9lofl ek 2O] 550l 715ttt (Williams et al,
2012; Baffaut et al., 2019).
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Fig. 1 The location of study area
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4. 20| & - A

W mope] Ak 9 ol ¥t kS sl Bl gl %a
aolof dhsff EAsEGITE il W B 5H9] G whd
(SUB), ul 7} 4= 5he) (PARM) 2 Alo] Hel (CONT)E 2
ek ofe] mplof A =Tt (Kamruzzaman et al., 2020). =
Aol B9 28 £ 94 9 U9 9l G
DAL BOHA W A4, e W 17} Bt o)
HRE BRIk (Wang et al, 2012). ZRo] AL R
(coefficient of determmatlon)—‘:g—' = j?{}’\i ARESH A, AA
W ol yaleal ele 17 WS APEX o] Ashs
e WollA 5oz BASHGT (Table 1). S 913t =
2=20188~202199 447 A=A E AMESHS AL, 2022
¥~20340] 2d7k B2 ARE A%AER B

A4 9 o] HalEFo] 274-2 Nash-Sutcliff model efficiency
(NSE) (Nash and Sutcliffe, 1970), percentage bias (PBIAS)
(Gupta et al., 1999), R:Z: o] g3ic}, R A=gk} we gre]
AR BAIS B7Ishe A=A 0~1 919 g 7HH, A
Skt 2.9 gro] AF IAYUTE 19 77ke: g VERHTh

[11

gaa&

l

»(0-0)(r-7)

R*= - (1)

(00 |f(r -7

SI7\A, 0,9} P 77k B2AIZE o] et B gt we
olo] Ok B2 gre] ABEOILE. el T 0 HA| T

20|t} (Moriasi et al., 2007).

NSE: ®eolzalrl A2k} dupt $ARIE B7leks
ARZA -co~1 99 S A0 16] F7Hees me)
ghol AZahe A sk Ao WA 4 gtk ek o
o|5te] g LiERHEhA molATE ol g5l 4 Hek 4%

ge] BEE olgshe Aol o £8L oln|get (Moriasi ef
al., 2007; Song et al., 2015).

n

E(OL_EV

AT e — ®)

(o0

i=1

PRIASE wo| g A= F3te] t4S n]wahe A5
o|t}. PBIASY] &z 0.0EEH PBIASS] Atizto] Wt
45 o] gho] ABTE 2 !
(Moriasi et al., 2007). %¥9]
2re mao] 3] 24ake AL ool PBIASE Tz
2ol AvgE)

=
OI'
fr
po
Ln‘i
rﬂ
Al
nﬂ
S
go ¥o M

o o

5

O
dlo

n

Y. (0-P)
PBIAS= "1

Yo,
1=1

% 100% 3)

5. Ald] =Z0 W}E HIH2F 23512 29|

2 AFolMs A ol W vy ed ek
o] kS B7}e}] -l—]oH 1991 ¢ 2] 2020717
Aot o ThelR vl ed Heleke molahlr.

e il 1@ L A viged vt
573709 A Sl HE Higad Yol

d HE ARGA (NAS, 2019)°] H]A]%
AlH|=F (standard fertilizer, SF)X} »ATIARI¢H
(NAS, 2020)9] AAE A F7kfA —Er%]?}
(convention fertilizer, CF)& -5} fﬂ7}o} t} g

B EH|E 2Us}A 20 ton/haR FU3H5 L, =
Sl Wl Sl ER BT zﬁow P
S HRo R gE|ste] WLofslRitt (Table 2).
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Table 1 Criteria for evaluating the fitness of hydrological model (Moriasi et al,, 2015a)

Model performance evaluation criteria
Measure | Output response = =
Very good Good Satisfactory Not satisfactory
discharge’ R?) 0.85 0.75 ( R < 0.85 0.60 ( R? <0.75 R? < 0.60
R? P R? ) 0.80 0.65 ( R < 0.80 0.30 { R? <0.65 R? < 0.40
N R?) 0.70 0.60 ( R < 0.70 0.30 { R? <0.60 R? < 0.30
NSE discharge NSE ) 0.80 0.70 ( NSE =< 0.80 0.50 ( NSE < 0.70 NSE < 0.50
N/P NSE ) 0.65 0.50 ( NSE =< 0.65 0.35 ( NSE < 0.50 NSE < 0.35
PBIAS discharge PBIAS < %5 +5 ( PBIAS < 10 £10 ( PBIAS < £15 PBIAS > %15
N/P PBIAS < £10 +10 ( PBIAS < 20 | £20 ( PBIAS < 30 PBIAS > £30

“Includes all agricultural land runoff, river discharge, and baseflow from the land parcel and watershed models.
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Table 2 Cultivation management schedule by fertilizer input level

Date Crop Operation — Amount = —
Standard fertilization Continental fertilization

Apr. 1 Cattle compost 20 ton/ha 20 ton/ha
Apr. 25 o Fem"Z?,t:c_’;zg:ifc')‘;ugh'”g 79-30-63 kg/ha 118-108-101 kg/ha
Apr. 30 Corn sowing 5 plants/m 5 plants/m
May 18 Fertilization 79-0-0 kg/ha 118-0-0 kg/ha
Aug. 10 Fertilization and Ploughing 110-78-110 kg/ha 110-103-100 kg/ha
Aug. 20 Kimchi Kimchi cabbage sowing 3 plants/m 3 plants/m
Sep. 14 cabbage Fertilization 105-0-44 kg/ha 110-0-32 kg/ha
Oct. 4 Fertilization 105-0-44 kg/ha 100-0-32 kg/ha

. #at 2 o3
1. APEX 2 H - AH

male] 1A EhflolA clore 97 2917 5o Bl
o] Ak ol )k 9L Helsl Wlel] Sidl, 2
147)e] 0 usE Asto] 21tk uAESS
Szsol BalE W S, 2 Aa (TN) Bl 9% 37,
2 (T-P) Tl ¥4 27H, 2| Bl Wi 27}, 1203 ko)
Qle] Bk ofere whodsh W 2712 FAERI,
o] HAL i Ao vl
o, o] I7E F8l APEX Hdlo] 39 ¢ 7ol & g
E ZASFATE (Koo et al., 2017; Kamruzzaman et al., 2020;
Choi et al,, 2021). ZF2Fo] uj7juizso] TjallAl= APEX m&l o]
4 9] oA 5oz BAYSHTH (Table 3).

ol S - ZREHlE 252 Afuol whE A4 FolF

Table 3 APEX model parameters optimization results

A A3} R*= 0.65, NSE 0.3, PBIAS 21.1%= UeRJth A
A 7]17F R 0.64, NSE= 0.42, PBIAS:= -20.8%% LFERGT}
(Fig. 2, Fig 3). Lol Ae] 2 Halef wo] A3} R 247
Hh AR 717 B i ] AR B7HE|QITE NSE=
HA7I7Re BRSO 2 UepgARl 34 717 v
B7F=] ik PBIAS= RA 77t 34 717F 5
62 W71E|Qlct (Table 4).

o] Halek BA9] A9 R™= .76, NSE 0.72, PBIAS -22.1%

5.1%% YERST (Fig. 2, Fig 3). 1 sl 12| A3} NSE=
HA7|Zb s o2 FrHE o, A 71Kkl
S FEO R F7HE I PBIASE HA7|Zb] vk
FELE WML, A VI U R HUHEY

t} (Table 4).

Impact Parameters Description Range Dveafliuelt Cal\lllslrj’;lon
PARM92 Runoff volume adjustment for direct link (while NVCN=0) 0.1-2.0 0.4 0.25
PARM20 Runoff curve number initial abstraction 0.05-0.4 0.2 0.4
Discharge APM Peak runoff rate - rainfall energy adjustment factor 0-1 1 0.9
PARM12 Soil evaporation coefficient 1.5-2.5 1.5 2
PARM17 Evaporation plant cover factor 0.0-0.5 0.1 0.3
RFNX Average concentration of Nitrogen in rainfall (ppm) 0.5-1.5 0.8 1.47
T-N PARM72 Volatilization/nitrification partitioning coefficient 0.05-0.5 0.15 0.05
PARM7 N fixation 0-1 0.5 0.6
T-p PARM59 P upward movement by evaporation coefficient 1-20 10 20
PARM8 Soluble phosphorus runoff coefficient. 10-20 15 10
Surface DRV Equation for water erosion 0-7 4 6
runoff PARM49 Maximum rainfall interception by plant canopy (mm) 0-15 7 5
T-N and PARM29 Biological mixing efficiency 0.1-0.5 0.1 0.2
T-P PARM62 Manure erosion equation coefficient 0.1-0.5 0.25 0.5

e =ny Aeed A5z, 2024 © 19
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Table 4 Final performance indicator values on calibration and validation of APEX simulated total nitrogen and total phosphorus

. Calibration Validation
Division z 2
R NSE PBIAS R NSE PBIAS
T-N 0.65 0.30 211 0.64 0.42 -20.8
T-P 0.76 0.72 -22.1 0.69 0.33 -5.1
" Underlined values in italics indicate that the performance criterion was not satisfactory.
25 15
i calibrated (a) - validated (b)
m m
= =
E 20 ::
w w 10
« i
z =z
10 I
2 R?=0.65 s R?=0.64
i}
5. NSE = 0.30 z o NSE =0.42
E Vo PBIAS = 21.1% E Y PBIAS = -20.8%
n 2 y=112x+0.16 “ y=0.99x-0.35
0 &% 0 S
0 5 10 15 20 0 5 10 15
Observed T-N loads (kg/ha) Observed T-N loads (kg/ha)
12
- calibrated (c) = validated < (d)
o £5
3 E;
E’ 8 w4
g 3
s a3
= -
g o R?=0.76 g 2 R?=0.60
= - NSE=0.72 5 NSE =0.33
E - PBIAS =-22.1% E1l PBIAS = -5.1%
2 y=0.87x-0.13 g p - _
o & . o e y=1.19x-0.32
0 4 8 12 0 1 2 3 4 5 6

Fig. 2 APEX model calibration (2018—2021) and validation (2022—2023) result for total nitrogen loads (a, b), total phosphorus loads (c, d)

20

T-N loads (kg/ha)
- | ol 1] [
w [=] wn o w

2018

16

[
-] L

T-P loads (kg/ha)

1]
2018

Observed T-P loads (kg/ha)

- Obs. T-N loads
Sim. T-N loads
2019 2020 2020 2021
Date
+ Obs. T-P loads
Sim. T-P loads
T o il
Y A AR i
2019 2020 2020 2021
Date

Observed T-P loads (kg/ha)

2022

2022

Fig. 3 Comparison of observed and simulated data results during the study period
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2. AlH| #Zof mE HIZH Ha5k2 "ot Al EZAE] T R s FElEE 4.8%, o Holek

APEX 1dlS ghgato] Fefajulel FEAH|of w2
EOFo] Ao} 9l Kaek ool wPAIH] Y] A9 ATt
A7} 568 kg/ha FAE|SLL, HEAIH]] Z-9- 490 kg/ha7}
FolE9om, Q1] 749 WaYAH]= 318 kg/ha, EFEAH|=
53.1 kg/ha7} FJ =]t Bl A= E= AlH|E] val] d
A2 15.9% Z7)5t0] AlB|EAT, olo] Ao 498.9%F oF
500%7FF F=7F Alulshs A SR UERT (Table 5).

HPAHE T of, A= A 39.1 kghalyr FE5 91,
Q2 59.6 kg/halyr 5| QT EFEAIH]Q] 7, A= 373
kg/ha/yr, Q12 18.0 kghalyr +EHE Zo= ZAESITH
(Table 5). F71oA] TRPAH|Z S5 - 7Sl 252F Affuf

o)
=3

-

231.1% Z7}sk= Aoz Uehdtt (Fig 4).
309 Eore] Uy PPk HHg AT dao)
Sl 129 ~20] 7P Wkan, 78 ~94) 7MY =

AR ANe)
AL Ak HalERe 04~1.3 kgha/day, 91 H81252 0.5~2.3
kg/ha/dayo|Sict.  EEAH= Aa Fslgo] 04~13

kg/ha/day, <1 B-5}eFo] 0.3~0.5 ke/ha/day 2 LyERT) Y
AlHE FEAH| RO 0.8%~5.4% Z7tele Aoz

A AL

. =2-1-

Uehgom, 919 A9 A 27.0%00A A 375.5%7H4] &
7}stdet (Fig. 5).

Table 5 Results of annual fertilizer input and annual average non—point pollution loads according to fertilization practices

Division

CF (kg/ha) SF (kg/ha)

568.0 490.0

Fertilizer input

318.0 53.1

2|12

39.1 37.3

Non-point pollution loads

59.6 18.0

note: CF, convention fertilization; SF, standard fertilization

CF —SF

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

180.0
160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

T-P loads (kg/ha/year)

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Fig. 4 Estimated annual total nitrogen and phosphorus loads over 30 years according to the

standard fertilization (SF)

2006

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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3.0 &
B AFo] APEX mdle BA7|7E A4 Halskat 1% 7]

o] H3}=o] NSE H7} Z|3£9] s 22 0.30, 03302
EE oIl (Table 4). 574 A[ollA o Folds Hd
ok A ok $3, Tel WY, 714 W, A1 94 5
Ak n|x]= ekl Qolo g Qlsf Bxlel 4= ittt (Nelson
et al,, 2017). APEX®} Z+e mp4 7]ut mdle o]zt Se|=
A7 mjstel o RokE BRI o) A8 4 sl
(Nelson et al., 2017). NSEx= =& 24 9] o|&8S Hrlst=
g 2lo] 583k Ao, 2 NSE 312 mde] ¢ U2 4
=82 9Ju|3tt} (Nash and Sutcliffe, 1970). “12jL} NSE9]
58 712 mHe AlAwe) BAa vt wet detd
4= It} (Ward et al., 2018; Moriasi et al., 2015b). Fto] 19]
Ve AEEAT, Bue] B3] ojele Aolxt
YO NSE g o= A% 4~8-= 4= QIt} (Moriasi et al., 2007,
Moriasi et al., 2015a). Wang et al. (2012) ALof|A] k& K}
o} st el 7} 7]128 NSE > 0.50, PBIAS 50% ©JUj&2
AAEFI) o3t o]-G-& Kumar et al. (2021)-& NSE7} 0.45
Hr} 33 R7F 0508} 2 A9E B U H2S 98t Wyt

it

ln
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7|l w hERitkal Haskgl
v, Moriasi et al. (2015a)2 NSE < 0.35&= JHESH 4322

ofyx|ut, 3-8 E7} & (NSE < 0.0):2 ofjztal 2 115kg]
t}. Ramirez-Avila et al. (2017)2 NSE = 0.33, PBIAS = 44%01]
T Eeta 1 Ay 7|5l S8 Huskdla, ol

&gt 584 FETE EJO}‘?&E} Aot T AlLE
oA i FF BIHS P18 =2 NSE gk 25k A
o122 4= ATt (McCuen et al. 2006; Jain and Sudheer, 2008).
EZENSE = 0359] 8 of= 54 53, dlog 784,
Ao F7HA 9 AIZHA e, Tejar Rdl Aupy) mdo)
ofaf| AratE]= vk A Aol WIgRhA] of o whet
=@k 4= I}t (Moriasi et al.,, 2015a; Nelson et al., 2017;
Ward et al., 2018). dulz oz md 7 AIREL =2
NSE gk& H3p= spx|u el 7idhe] 7] dAuv 53] 53y
S Al2Hlofl A= W ol Etetal 83 HHEE A
33k 4= Ut} (McCuen et al., 2006; Jain and Sudheer, 2008;
Moriasi et al., 2015a).

2 Aol B A TN, A4 A9 T-Poj| 3t
NSE 7} 0333} 0.3029] 749, 4 71-22F 100 mm o)A} ¥AystH
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9] A& TS FIHE =8-S AGE oo & Aol
3L AYZFetth (McCuen et al., 2006).
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O 2 Utk oldgt w419 gt Bl Ty 284
SOl 23t 9 AJgkg 24, 90 Rzt T o] 7HA]
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A=, 25 e E9EEY et 4 U
om, o= 5 ARLE A4Sk $AS ATIAA 4
B A0 2L ofF7] YHET (Carpenter et al., 1998;
Smith, 2003; Xia et al,, 2020). u]=-0] Ao 222 AslE 54
A& 9] oF 50%2t 5 9] oF 60%0l14] ) w5
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