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Regionalization of CN Parameters for Nakdong River Basn usng SCE-UA Algorithm

Abstract

CN values are changed by various surface condition, which is cover type or treatment, hydrologic condition, or percent
impervious area, even the same combination of land use and hydrologic soil group. In this study, CN parameters were
regionalized for Nakdong River Basin by Long-Term Hydrologic Impact Assessment (L-THIA) coupled with SCE-UA, which
is one of the global optimization technique. Six watersheds were selected for calibration (optimization) and periodic validation
and two watersheds for spatical validation as ungauged watershed within Nakdong River Basin. Nash-Sutcliffe (NS) values
were 0.66~0.86 for calibration, 0.68~0.91 for validation, and 0.60 and 0.85 for ungauged watersheds, respectively. Urban area
for the selected watersheds covered high impervious area with 85% for residential area and 92% for commercial/
industrial/transportation area. Hydrologic characteristics for crop area was similar to row crop with contoured treatment and
poor hydrologic condition. For the forested area, hydrologic characteristics could be clearly distinguished from the leaf types
of plant. Deciduous, coniferous, and mixed forest showed low, moderate, and high runoff rates by representing wood with fair
and poor hydrologic condition, and wood-grass combination with fair hydrologic condition, respectively. CN parameters from
this study could be strongly recommended to be used to simulate runoff for ungauged watershed.

keywords : Curve Number, Global optimization, Parameter regionalization, SCE-UA, Surface runoff
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dEo] AEEo] AMEHIL gloeH, &
3] P RARLH Natural Resource Conservation Service,
NRCS)oI A 74 =4 (curve number equation, CN)
< & A de] AREEIAL Utk @A SITEMAP, GWLF,
P8-UCM, AGNPS, STORM, SWATelA CN7|¥o] &HEF
I ltk(Shoemaker et a., 1997). CN#t2 Z$-%FS ol &3t
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A%, EdoAMEe EXol &g et EdulTde el o
st shte] CNREe 7123 e= AFstar itk @A CN
7IHE g AlAZR SR g AHEE I e Soil and
Water Assessment Tool(SWAT)S 53AY Z$ Auj=E

R T A

gL Jo Jor oo T ORI Z

AEL EXo&AHAEE A T F Jdoy 3L
EX o] &4 YA = NRCSIIA AAIZE A} 2o 924
ol did FEY AuAE FRFd A RS Fodve
AL ml$ oFe Lotk V&Y APATATG waw,
EXIEGEH7 28EA G EXo] g et EduleA
g 18 29 4 - BP S B CN#Y A dig
Zae4de 7ZA=xsta ItHGrunwald and Norton, 2000; Lim
et a., 2006; Mohammed et al., 2004). CN7I¥He ZH
o] st mAIE FYo FHEo] Jhssithe Holth ol &
AslAM el E Exo]gdeo] w2 CNgk 2Hgol
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g A7 22 o|FAXAY. LEF (20052 A=Al lexell FEHA 29 AF(p)st TJAEY AFmZE AE9] 2
g ddoz EARYY CN#t Aol & AFE 73 7(s=pxm)E At AE] A7Vt Aol HH, HFHs)
FoeH, I AF AEA EAAYGY A vz HE B stz gt AAE AEY FAV|TE AMEAR] o] Fo
E¢Z d@8u) 0] E7] g0 NRCSAHA FH3e FA A HAQ-F4: FAdolA 9= AgEn. FE99=2 A
AGolt 4FHUAYG CN#Es IHE AHEE FS /& 248 JIFE Zde 4749 AE st AHEA B
Fo] #LrtE L7t Ava EJ—Q& v gtk ¥ 93 BHTLE AR SCE-UAZIRY 2d H A 3514
(1997)= =& thao=z 3 CNg 53 B3 dFE ¢ e ALEE AEo] JHFstaA sk BBJARRY #E0l
F3tAct E AEFD F(2007)2 BALE 5% Tl A A AR AHE BEJAGE B 4HAA 54
w8 CNEe —rﬂb}ﬁ‘rﬂ 2ol AT =2 AY9Y BE 71 a9 A#FFH AZAE o] &5t EAFFE At
BAAE] wWE CNEFQ Zoe4ds 93 vl ok APAF ok olFA AR A7 AEd U EAFYFE M
AHIE 2 & o, 2o FElFola FEe wAZAY 2 RAEE P e fgoeR £95 Add 23
o fFEF d3g fdiAe dEF9Y EAol&E CN# H &9 e AA sE mA HAE plle EZE A0
o Ak P Algo] Bad Aoz Hordt gdsith, 4873 &2 E(CEE dgorithm)ol] s z+z
2de A3 FFe 22 AR =¥s 292 @ o] FEHA2F ozl MES f9 22 g9 AP
B ollg, 1EY HAEHELS 273y "o, md 22 AE AY-FHTFAN-E9 2H) & RsE A

o

- BHPE FEg ASF HrhE A% Aoy wie
oA#e B Sl sbolti(Cheng et a., 2002). 2 E9]
AFEY FAT HER Qlete, Bd B ojx BF
JAE AFEH Z2ag] & AR HHgste 7]
o] /EEHo HEHL Q. BEFAAE FHS et 7]
2 B2 AR =8E 9FAA F By ol Bl
B2 AlgFed g BFARED g% Fed A
g A3 & dve FHES /AR A Muleta and
Nickow, 2005). 53] Duan E(1993)<>ﬂ o Jfd  Shuf-
fled Complex Evolution(SCE-UA)7IH & fAqE A93 F
A3l 71¥2l Genetic Algorithm(GA)el HIsIA FEEZL S
FHAglst=d oA HEGol & AR UegeH
(Ajami et a., 2004), A FHGRAY HAHZ7|Y Bol
o] 853 9lthEckhardt and Arnold, 2001; Madsen, 2003).

2 A7 B2 957 A9 fEFS A3sa
RE = 819 F9L haezste] Long-Term Hydrologic
Impact Assessment(L-THIA) 2 9o SCE-UAZIHS A 3
g3to] 1981~2000d F<etel AVIHETOl Wi CNFY
HASE AN EXol8E IAEFHE JFFstn 3
T4 F9& HET F Je EXELH S EGTAH
H gde] CN#Es E&3taA gtk ol G dF9ud
CN7IH & ARSI e FoRdS HE&d F$¢ EX0]
£ EXIEYE CN#tY 27I3e AFFezA AR
o] &% A - BEAFY LRHE AT 2YS 9EA
711 HAZE {99 FE5F A= QlojA FEHEG o]
Iz} gt

HE
H

P =

2.1. Shuffled Complex Evolution

o] dlg 2y tistael A JhEet SCE-UAZIH S sm-
plex procedure®} controlled random search, competitive evo-
lution, new complex shuffling concept 59 7IMES =%
3 A3 2 3globa optimization) 718 o]® SCE-UA2
3E%XE Fig. 13 2THDuan et al., 1993). 272l comp-
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Wl Mzg 235927 A4EY. AEA 44T B2
£ OA plY 22922 JrolAn o dsEd. o
59 AEA A5t BEIA:

( sceuAsant |
¥
| Set Initial |
[2
| Generate s points |
[2
[ Compute function value |
L 2
4% Rank s points |
2

Partition D into p
complexes of m points
L 2
| Evolve each complex I:I CEE algorithm
[

[ Shuffle complexes I

[ End ]

Fig. 1. Flow chart of SCE-UA dgorithm (source: Duan et

d., 1993).
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Table 1. Study watershed descriptions

WD ID | Watershed name | Area (km?) Rainfall station |D Land use (%) Hyd. soil group (%)
1 Wallpo 1,159 136, 152, 272 | R:3, P:13, U:17, F:63, O:3 A:13, B:60, C:15 :12
2 Jumchon 609 226, 273 | R:2, P:6, U:8, F:81, O:2 A:5, B:40, C:19 D:36
3 Y oungguk 1,314 143, 278, 279, 281 | R:3, P:11, U:12, .71, O:3 A:5, B:30, C:20 D:45
4 Gilan 346 278, 281 | R:1, P:2, U:12, F:82, O:2 A:5, B:25, C:9 D:61
5 Jukgo 1,283 284, 285, 289 | R:3, P:14, U:9, F:70, O:5 A:5, B:60, C:16 D:19
6 Dongchon 1,533 143, 281 | R:6, P:9, U:16, F:63, O:6 A:7, B:10, C:19 D:64
7 Kimchun 577 135, 279, 284 | R:3, P:11, U:10, F:73, O:3 A5, B:78, C:10 D:7
8 Y angsan 35 152, 288 | R:7, P:7, U:3, F:76, O:6 A2, B:42, C:21 D:35

* R includes industrial, commercial, transportation, and residential, P is paddy rice field, U is upland, F is forest, and O is others.
** A means high infiltration (low runoff), B means moderate infiltration (moderate runoff), C means low infiltration (moderate to high runoff) and D means

very low infiltration (high runoff).

Regend

B  River discharge gage station
[  Rainfall gage station
I:l ‘Watershed boundary

Il Riveristream

WDH#6

10km
0 10k
Bty m 10krn

Fig. 2. Study area.
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Brhe mdo A7 F04 A5HPE Bd oFolAt. A9 ONG BAE NRCSIA AASE Qe BELE
AE AERYS RAFY(1981-19009)0] ol FeiR & mAuIge] W CNGEY BANEG EFuMFEEE Ay
o] FAAGH ABEAAGY BFEEE BH W9

o
el WE CN7: H9E 2389 ti(Table 3). NRCSH A& F7
Z A gl BEESLZE HAHU LS 12-65%, FFUAFL 72%

of e 287 olger dAaAony, o wed Ut o
< g7hskiith AEE E=AAGHE Zol7h gle Aem ddSdth &
EAO&EFE T VAR EFaAHTable 2). =AIA B 5(2005)9 ATZAFe] w=w H%AH FAA G
92 FAAGH *Jlﬁﬁ Edste VIHEAAGeR T 0 Bt BEFEFS AHHES 87%, FTAAGL 84%, L
Batglen, 44 =34 2, 183 78 s8A= 7§ SAEAGE 8%, FUAFE 2% ALeE Hista
ARed ole 449 f#E54c] Bada 7Hg57] | Aem ol wWE CNIF HE&S FHata Utk webA,
Eoltt. w2yt 3¢ Aol A= Hlgol Mg w BT F(2005)9 ATAAE V2R st AFHGRS
71 dEol FEEAY o] Fad EX&F sholt Hel FAARFH 7 EAAGY BREFE HAYHES
=g F9dES A9Y, £89Y %‘0 AE9 dell 9 Ztzk 50~87%, 70~95%H ¢ el Sl AeR et
g Adadrt ga2r] qid 49 Zege dd f2 W AujA ] B NRCSOIA FHIF 5349 CNEH
Fol Aol Fiel w o Ao Jpgstel e & A HHY ONgg 2EF 9T 29sES A9F
AR EXIEE SEFE IUWE A& % ¥, 283 £89 T NRCSIIA FHI A9 CN
FEd, EFHoE TR HEEgth AMCE & Wl HAH CNghe 2E5 stgor HAsiEe
ke Y 59 FFLFY 7R AYel we gE AL CN#e A@Fdol 71d 2 e 293 347 89
2 /M3 F . e oz gyt

)
)
ok
32
N, T,

CNZES 54T EXO| &3 Eduisdeet 24

g, EX Y IAEAHY & o9 A 2do mEhA Table 3. Regression analysis result between average percent
g CNELS 7Fdt 2 dFo A= NRCSAHA 33 impervious area and CN values

I Qe EXO&4HE EQqulFdEd tdd CNge Hyd. soil group Equation R?
EABEA Y, o] MY AZFE FHE FEE HY A 0.586xImp(%)+39.116 1.00

2 AAFYH(Table 2). d7])A =9 CNgL v B 0.377xImp(%)+60.666 1.00
SHAANNEANN ANT %S AHEFHALH ol NRCS ¢ 0.238Imp(%)74.090 100
AN A olFBAAY golth. FAAGS Ag B D OATomp(e)yre0402 | 100

Table 2. The ranges of CN parameter recommended by NRCS

Hydrologic soil group
A B Cc D
Residential area Min. 68 79 86 89
Max. 90 93 o5 %
Min. 80 87 o1 03
Other urban area
Max. % % 97 %
Min. 61 70 77 80
Paddy field
Max. 2 81 88 91
Min. 51 67 76 80
Upland
Max. 77 86 91 94
Other crops area Min. 51 67 76 80
P Max. 77 86 o1 92
" Min. 30 55 70 77
Deciduous forest
Max. > 73 82 86
. Min. 30 55 70 77
Coniferous forest
Max. > 73 82 86
Min. 30 55 70 77
Mixed forest n
Max. 57 3 82 86
Pasture Min. 30 58 71 78
Max. 68 79 86 89
Min. 39 61 74 80
Open space
Max. 68 7 86 89
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2xHN SRS K| ®25A HM25, 2009



SCE-UA ZZs7|Ho]| o8t S Ro| CNEt =& 251

300
(b) WD#2
. - 250
® . L 200
..' L 150
rm) o ® 100
- 50
. ; ; . 0
100 150 200 250 300
300
(d) WD#4
- 250
E 200 A - 200 E
B 150 L 150
ko] . ko]
S J L] - 100 2
g 100 ¢ » . E
" . "
(] 50 - P4 L ] . L) ~‘.‘ L 50 o«
0 T T T T T T T T T V]
0 50 100 150 200 250 300 50 100 150 200 250 300
400 300
(e) WD#5 (f) WD#6
- 250
300 4
- 200
L]
200 hd [ ] - 150
e 0 ]
. (3 ® - 100
100 A ° [ ] . L ]
[ L] - 50
L] : P
0 ; : . ; . ; ; . 0
0 100 200 300 400 50 100 150 200 250 300
Observed (mm)
Fig. 7. Scatter plots of observed vs. simulated monthly surface runoff for cdibration results.
400 - 0
300 1 (a) WD#1 5 (b) WD#2 L 500

200 4 T 1000
100 4 A T Ah 1500
0 4 ﬁ“ 2000

T T T Y Y T T y T T T
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

300 -0
250 | | l | | | | | | l I | I

(c) WD#3 : (d) WD#4 - 500
200 :
150 : - 1000

Directed surface runoff (mm)
Precipitation (mm)

100 - :

L 1500
50_
0 e s S A Pl A SR A LA L oy

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

300 -0
*0 e) W| Dls 1 | ® WD|#6| | | | 500

200 A 1
150 1 L 1000
100 A .
u F 1500
50 B
0+ - 2000
1991 1992 1993 1954 1995 1996 1997 1998 1999 2000 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Year
EE Precipitation  —— Simulated direct surface runoff [ Observed direct surface runoff

Fig. 8. Periodic vaidation results; smulated and observed monthly direct surface runoff for the selected six
watersheds in Nakdong River Basin.

Journal of Korean Society on Water Quality, Vol. 25, No. 2, 2009



252 HxE - 258 - YT - UEHS
300 300
(a) WD#1 (b) WD#2
250 . - 250
™ L]
200 A L ] L ] [ ] - 200
L} . .
150 . ° o o - 150
L]
100 A ° .: < - 100
50 1@ * L 50
0 T . . . T . T T . : 0
0 50 100 150 200 250 300 50 100 150 200 250 300
300 300
(c) WD#3 (d) WD#4
- 250 A - 250 -
£ £
£ 2004 - 200 E
o g o
£ 150 A ° - 150 @
5 ° s
2 100 - * “ o -100 2
@ 50 * e - 50 @
e . LN ]
0 T T T T T 0
0 50 100 150 200 250 300 50 100 150 200 250 300
300 300
(e) WD#5 (f) WD#6
250 - 250
L]
200 ° ° ° - 200
150 P ° e o - 150
100 . . . . ® L 100
L ® "
i o I
501 o® e * 0 50
1] T L] T T T T T T T T T 0
0 50 100 150 200 250 300 50 100 150 200 250 300
Observed (mm)
Fig. 9. Scatter plots of observed vs. simulated monthly surface runoff for periodic validation results.
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Fig. 11. Scatter plots of observed vs. simulated monthly surface runoff for spatical validation results.
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SCE-UA Z[X3i7|gioll o8t 52 Rl CNZt =& 253
S ot A U AFge] i FAaBTMHE A ez A9 ARG fEEES wgEL e
° 2 Jetstth(Fig. 59 7). W, FEFE L EFoR AR5V dESHA o] FojAA &
o] o]RojAA & HEY {FYo e mdle] F of MlFAE7t BEFstd AEFEE ¥NF =2 FES
3 AS5ZAFAE Table 49 Fig. 107 113 2o Z7HF A& Jehlidth £59 2 wisdEz 4 A9 g
ASEFE £ ATdA =& EXEE ESuTHH I 227 £¥E A9Y FE58S UrE‘r Eibﬂ, 2 9
d CN AAFE PAIEZAY 5% g H&sta 1 T WE fFESH g4 o 2 UEttth
AF}E Fristed Atk & A2 WDH#H7F 89 Rd s 55 Uy B¢ AEY EZ]O]%M%O] M '
&2 Zt7F 060, 0859 H2 3ts UehAdch e A o, CN7IF 99 §&F A S A
ErEH G954, 28 EEHoE FESY A &she
32 4SS 792l CNatt EXIOI%”é FEEM Aol Bt FAY Aoz wgdch HHsE =9 CNgk
AR 3E EXo|&E Egu|sE CNUAZS Table 59 o ot FEEHS AWEA wiFET B o] FFA
2. E2AANGY F2IAGY =2 ES T3 J|E = A8 1A BFF M A FEEESE JEH
AAY, 5EAGH JEFEY B T84 HHdAA F HE(1997) = Fu71E 9E =o Y9 CN#ge 33
ke Uehygen, %1934 9 A% EA4 IS U 3 ATE P 2, CN 1Y EH7t 73-842 et e
BT EXAAYY FA$ CN QA gl 93 BEEFZ) H, & 7279 E=dA EFulS AdA D7IAY CN
2o 9243 A3 —,—HX]CHS ok 850, 7|E} EA|X| YL # Aol EIET =X CN#tell 9t EX o EA4H
RWE YEo] HF9 FAXGHR FFAA G vl = S 9458 A 2A 9 =7t 50~75% FEe| H T
2 BEZL= pAN gL Yeha ok ol: w2 A F 7h AT FE58ES JEien Urﬂ HA] v ezt
At TARA G QurFel BESZ @u|gd w2 AA FE5HS Uitk 59 Z9Fel ©mE AMC
CNZtE Ul d ALgslRe 35 =4 #99 & ZA7E2 AEY HEZ7 O‘OW— 71EY #%F FA
3o BAEINE ThsA0] don ol AT $(2005)9 g e YHehiow, &Y d371d oiME Y F
oq;usurg} Ax3g, B AP =23 213 JelsEA Aol 22.4~39.7 mmAtolol A AMC [IZAE Yehfo
9 CN#HES A9 B4 e JeEhx o] =& A% oA AAE AeFRT e FeFoR EYY o
sAAE e EAol&4H=E Fsto CNghe J8T Zo] 944 A2 JH= dMsge & ¢ o
F Ag AoE #IHTh CNgLe 58 $ue Bx e F 6 F9S ddoR st Yed AA s
EXDENHE 9243 A, Saviele wxge A= EF T Ue CN#E =20de 9As] /99 Aol A
A7} BFS 299 F517 o|FARAA Y $EEH0] I} AE 7K Aok 28y & dFdAE Il A AFst
ZF A Aoz UehtTable 5). ols $auet e £ FAH /EY 33 AFES Ttewe BF &8s
f2g2 ¥ =P AL HHFoE & F Utk A on, AFXYez HAdd sy F92 354 799
AR P9 A9 AG5AF} G5, 182 5P CN F8% NFE ZTFT Uk E=F FAFY FAHES
gkgol 27t FEA 0E @5 Uehidth ONGEE B TR Astel, Bl BE AdHA A 2Eg A
SRS FEELS 95 BH, 8959y BT Al e, sAEAY F&F g dd 88 FUtE

Table 5. Regionalized CN parameters for Nakdong river basin

Land use Optimized parameters Hydrologic characteristics
Residential area A:89.1B:92.5C:94.4D:95.4 Average percent impervious area is 85%
Other urban area | A:92.8B:94.9C:95.9D:96.5 Average percent impervious area is 92%
Paddy field A:69.1B:78.5C:85.8D:88.9 Row crops with contoured treatment and poor hydrologic condition
Upland A:69.1B:83.1C:90.6D:93.9 Row crops with straight row treatment and poor hydrologic condition
Curve Other crops area | A:69.0B:83.1C:90.6D:93.9 Row crops with straight row treatment and poor hydrologic condition
number Deciduous forest | A:36.9B:58.5C:67.5D:72.9 Woods with poor hydrologic condition
Coniferous forest |A:45.1B:71.4C:82.4D:89.0 Woods with fair hydrologic condition
Mixed forest A:41.3B:65.4C:75.5D:81.5 Woods-grass combination with fair hydrologic condition
Pasture A51.7B:72.8C-83.3D-88.6 E)?Ztrli)rle(z),gigcracszl:;?i,or?r range-continuous forage for grazing with fair
Open space A:48.3B:65.0C:74.3D:78.0 Open space with fair condition (grass cover 50% to 75%)
<15.0 AMC |
Dormant season 15.0~27.0 AMC I
5-day 27.0< AMC 1lI
rainfall
(mm) ‘ <224 AMC |
Growing season 22.4~39.7 AMC 1l
39.7> AMC Il
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