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Decision of Critical AreaDue to NPS Pollutant Loadings from
Kyongan Stream Watershed using BASINS-SWAT
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ABSTRACT

In order to improve water qudity of upper watershed of Paldang reservoir, it is necessary to evauate non-point source pollution
loads and identify criticd watershed pollution sources. A GIS based Soil and Water Assessment Tool was applied to evaluate
model application and reliability, estimate NPS pollution load, identify critical watershed by NPS pollution sources, and suggest
various best management practices for Kyongan Stream watershed. Yearly NPS pollution loads were estimated 30.0% SS, 60.1%
TN and 35.4% TP, respectably. The watershed pollution load is mainly decided by precipitation condition and SS and nutrients
load have a significant regresson relaionship. Based on 10-year average yearly NPS pollution load, critical sub-watersheds were
identified. The No. 5 and 17 which have lots of relatively intensive agricultural fields and scatered industrid area were vary
critical sub-watersheds and under more intensive pollution load. In order to control criticd watershed, watershed best management
practices such as scientific fertilizer, contour farming and parald terrace, transferring the doppy farmland to grass or forest and
constructing a buffer zone, and congtructing wetlands and retention ponds will be applied. Overdl the SWAT mode can be
efficiently used for identification of criticd sub-watersheds in order to develop a priority watershed management plan to reduce

water pollutions.
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BASINS-SWAT HHl& ol 43 2o 999 ulhel oquls Faue Ao 23

= Zloltt (Miller et al., 2007). &, 4924
< ogols ¥ Mk AE {99 = - RS 24
o 4 Q= AR gioks 2ol werlse] vl A

LHAYS FHs= T RSt JRE T
3kt 4= QJt} (Bryant et al., 2006).

2 FholM= HFEE7 9 e AFEE 9 5Ho
2 HSPF&} SWAT ®dl9] Ago] 27|65l 9Jom ArcGIS
2 BASINS (Better Assessment Science Integrating point
and Non point Sources) ¥ €% - =851 . 53
SWAT (Soil and Water Assessment Tool)2 &2|%] 7]4l]
TEEY F-ERYEA Q¢Rsh 7]3Hsl BMPs (Best
Management Practices)s& YHHZ d&sles AA S
o, g oR {90 HIFeHY HelE skl o
o a3k oHdY ol def ol&E ottt (Amnold et al,
1998). & AtollA= ol RSl QLOHA Aol &
Tof| wE e 9] FHA, FARA D AGAIA F H]
HodHe gaFor dgs Ao & FFe AL Qe 4
oFd §9 (Han River Basin Environmental Office, 2007)2]
TS 98 SWAT Hdo] H87bs4d<S B7Iskl # W H]
A oo wiEgsd 9 ST e 24 vHd @
FAE et HHTREE Aljbs] flste] SWAT 2ES
-85kt
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1. RCHAR|

i AT A A 92 54 127°, 59 37°
of $IAskL §lom §RIA| oz HIt HrHS ARl 4
Aol Al Whisto] FpA] U 2 DejofA 2| g
T BgsE §ol9ch RO oF 474 km, FEHA
89.3 km’o|m, B oF 5.4 m'/sEH TP W
SaFo] oF 9 595 XR|elal Utk (Jang et al., 2009a). H
7ML 1/720, 749K SFRe] Bt AFAIZES 20.4
SPEE0] GA7} Alelct. HIE AR 9ol 1,228.6
mmO| ARt Aol tfF AFA7E glof fol el A7t Al
A glo] 3R GU% (Jang et al, 2009a). 24719+ A
el kel Ao A4lo] om B HRE Q8| Ax|et
HAVT} G2 sPIEARE Qlell =< AL Al Bi=e] A
gafo] shduletol] EAETE (Choi et al., 2008). o]FA 4l
EFEL2 Ao FeHor ddsR o= 4 o5t
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5 0 5 Kilometers
]

¥
ot

AR ] =AA] (11.2 %)°F 57384 (16.4 %)7F A
T2 SR e 599 2 ol mom, =2
TUE (466.6 QV/km)eF F43 EABN] Ao oHY
o] Z77} V= FF3O| o vjAz YR 1S of
F99 4oy et arEch BYo] HARHL
FTHEAE Exad RS o= siela,
FFAAS] AR (Kyongan A)E,
Kyongan B)E A AFHaeAd Ex
o2 MdAstar 9lct (Fig. 1.

A

o

%
w2 rir
Mo

]

o 1o ro
o &
frorlr o2

> ol
ol
HE

H oo ) ol
ro
>~

e

DA
R
=

k)

]_

4
X
i
L)
D)
o

2. RATERL YHAR

SWAT R24l& BASINSE o]&3lo] 1=319109H, Jang et
al. (2009a)9] =241} FYsitt. DEM (Digital Elevation
Model)2 A Z|ARAH]A (http://egis.me.go.kr/egis)d] <
AAEE o] gdt] TIARE FETUIL GIS ZETHo|| 9
3l 30 X 30 m AAF7]9] DEME =315ct. 2192 DEM
1} SPHEE o83t Y AAIE FE51%3L, Automatic
Delineate ToolZ o834 1879] Afdog Hilslyc &
Aol &= A A HAH| 204 AlFsh 1:25,000 EA]9
EERE Farste] S5 sholal 11 A} Akgo] 65.0 %, L
2al 5744 (164 %)°F FAAY (11.2 %) =& Yeptt
(Table 1). 1:25,000 AUESST (NAAS, 2000)= =+H5T
st o 2 HE Aol afd EGEALY BR85S
Z25}F0] HRUs (Hydrological Response Units)S AJAISFS
o 8, ¥, o 7SRl A, Fd - FAVIR, F

CAALEE 9 AMfSE S0 ZJAREE (20029 ~ 20079)E
ojgato] Z+ 7RIt tigt U ARE mdof st

b

=52 5hE] =73 A5 A5E, 2000



Table 1 Land use characteristic of this study area (Jang

Table 2 General simulation targets or tolerances (Jang et

et al., 2009a) al,, 2009a)
Land use | Forest | Paddy |Cropland| Pasture | Urban | Water Etc. Daily basis Very Good Good Fair Poor
Area(km’) | 189.5 | 40.8 87.2 447 | 1329 | 218 72.5 Water flow <10 10~15 | 156~ 25 -
% area 65.0 8.0 8.4 3.1 11.2 2.2 2.2 % Difference| Sediment <20 20~ 30 | 30 ~ 45 -
Nutrients <15 15~25 | 256~35 -

9 W EE7I2AEL F 2071aR AR, Hedd
AREA 7 A SR J 9] BEgEE o] 8atg]
ot (MOE, 2003). TNZ} TP9| 7 P AEAARe]
P N, Pl aefale] mel qlze] Bad ORGN, NO3,
NH3, ORGP, PO4 5ol dfet viEald2 AHgsialrt.

3. Do 2F

zdo] HAS 9%t 7 @ $EE 20049 8UFE 2007
W7z 89 7HHow QYT WE 93

= ZAAS} 7B ARE olgsldlal, dF YEdERE F
Hog HAo] o|folfrt ROl QHYILE fsf ¢rel 2|t
(2002~ 2003)& F7h Hefatgict. 2Hze} afre] S4s 7
22 5 9 Fdof I=id oy WS AAsL, 7
Zo SWAT =y #elel 2915 (Arnold et al., 2000;
Neitsch et al., 2002; Santhi et al., 2006)& Zrasle] 24
ot o189 Welld wiZfHerES HIAZ|HA TeAl3REe
How WA Ayl gt 2] Ae4E Hrkeh|
3l 4 (DZF (2)4F NSE (Nash-Sutcliffe efficiency; Nash
and Sutcliffe, 1970)2} % difference (ASCE, 1993) ¥ A=
Bt moEatgte] ©edgk Aol (O/S ratio)E AMYstO]
HESII

1

NsE=1-32(0,—P)/3}(0,— O) 0
i=1 i=1
%Diff.:(iqig)/iqmoo (2)
i=1 i=1 i=1
o714, P o1& g o= A& w2 HolH &, 0= A

ko] o]k

A 109 o]e] mHo] HEARe} A ARE HECE
Donigian (2000) 2RF4S] Hdlg-&o] et A7 F71&
Table 29} Zo] AAJSIGITE o] Y 7|22 st 2 A+
oflA ARt w7 ES [k AL O/FS ratio <15 %E 7]
& ES & % diff. <15%9F NSE = 0.7 =g w7}
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NSE Water flow |0.90 ~ 0.800.80 ~ 0.70/0.70 ~ 0.60/0.60 ~ 0.50

A BAsIG oW A A (/S ratio <309+ % diff <
30 ZZ vkl wj7kR] 21Tt (Jang et al., 2009a).

. Zo} 3 &

1. SWATS| Zo|Z 1}

g ARAA AR 7S BAHS Jang
al. (20092)9] A7} sYsic} EEALS A EHE, At
g, FE L A upEeES A8 HRA7|EA o]

et

o}Fth. A FEG=o Wst CH_K2, CH_N2, ESCO, A5l
sjol| mIzkst GW_DELAY, ALPHA_BF, 2|3 EjEiA4
SOL_AWC, SOL_KE olg3tq A&gkate] ztolg adlslH
A BAgaoict et ASE BRI gt & 2oldik= Fig.
29} Fig. 31} Zom SWAT wdo] a4 #H7} An, OfFS
ratio= 277kl AA 15 %olHe] Ho7|EE (0.92~ 1.05)
< WSS % dift o) - 7%t A -8.27 %, 7%t B 5.18
%2 “Very good’ o2 H7}El NSE= 79 A, B &%
“Good” (0.7~0.8) 0% H7i=|qlcy. B4 7|7l wet o
AFAE Feo] A 9 BagriEAY 7| AfE Fiol 3t
271 e, A7 RERdolet sltjate 440l Qe
FESS Ao BARR=T $HA17F Qlck. 18y SWAT &
dlof ogl fFF Mol HuboR mHo] A=gre TARH]

& Ak B9 o)l S A o, g
FHY] 7% 59 ol ¥ fAlolsol whet Wakr] wiEof SS,
TN, TP o2 HAo] o|FoHt} (Fig. 2, Fig. 3). SS&
MUSLE®} ¥HA1El A (SLOPE) ¥ A (SLSUBBSN), &
Alolzo] AE PRE, SPCON, SPEXPI} 3149 EoRGAlw}
AE CH_EROD} CH_COV7} 4. w7z 2R3}t
O/S ratio= 1.03~ 1.122 Rglo] A&z} ®ojzto] 30 %°]
o] Mol 2t A, B BF HO|ES Skl oS &
4 A, % diff.2] 3% 4t A, BRI EF “Very good”
B 717 grtElo] mdlo] ASAtRO| AHs A HARl=
Ao et} o538 Al B9 535 E7t defErt
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Fig, 3 Calibration results for daily flow, SS, TN, and TP
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éXéXI@OI E%EJ No. 174 18 E kY u]%} 5o 9 A
T Y] EXolg F EAE ARAJshe vlEo] HlaE 7]
2ol 271 rEt ARt A ved Zle R shdEr
(Table 5).

HUEZL GWNO3Z GWSOLP 59| shdslo] gake

© et Alekee] dYEE Y 858 UEhe RSI
~RS57} 293} ez 2esih Aas Al g
o) AhA 5 Rk 73] s, 53] sA e o

T2 NO-N FHi= A3, <lof A et g =9
A=A Gl F2 B F2E B A fiEte
EAS AU & odo] Baksl Hkey)zke 7lolet W Qvt Q)
ok O ratio®) 7% TN, TP 2% 0.99~ 1.102] H$= 25
%9 Ho)7|1%EE WSk TN TP % diff. APgAxt
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-0.06~9.27% (“Very good”)& WERIE. 7%t A, BAY
L5 20079% 24| A47], B7|E AXHA molduet
Hlustel ASswrt F7khe A4S B, A 9 3
F710] 7SS 32 S skeAE R Aok HIE
o] ]9 At} (Kim et al, 2009). w2bd G443t A+571e}t
e TE BERa S et Sl
(Han River Basin Environmental Office, 2007) &<l 3=,
HA sleA e 5o R A FFE = AeE W
Chelch, et Fig, 291 3014 Uheld v} o] sl
e ASARE A48 el Ae & 4 Stk

2. 97X HIFE 2Fsit Eot

2 Aollie tEH R SS, TN 1gal TP F&o 24
& Yol 7} SAFE gk v SWATS o83t 10
| (1999~2008%) Hvt QFFslFS APsich SPSSE
olgste] Aeddte st Al 247 66,833 ton, 967,985 kg
T2l 26,257 kgo® UERITE (Table 3). o= HoJH £
AuslEol 30.0 %, 60.1 % L8l 354 %E Jang et al,
(2007, 2009a, 2009b)o] HH3Est Ao vIHY Qe HHah&t
FARE Aztolm MOE (2003)9l4 Bt 30~35 % BOD
S AR Mol A UERT. 18U Han River Basin
Environmental Office (2007)0|4 EI1gt H}of tq-Etﬂ 7}71o]
o] ozt Bl L HFstEo] AA[sh= HlE 8.2~ 11.0
%= HIHO A oJgt ko] vjuH A L}E}”E} v @
°d°J9E EFsle EAAY] HiER }% Rk 7|

el A7) 10 mm ool AeRIEE aefsie] WAYRst
%u 25 %AETro] 730l 2gt ﬂ% | o]0 Aojek= 7}
% sto]l APgsh dHlE ol&st —‘?:8} AL e 7S5
ZHlo) sl #F=E7] gl A7 7w 3] ¥y
812 Fok= @o] St} (Yang and Kim, 2001). Al o
Zb AR 10719] RS YO R 95 % AlReEat £31
% FFLAHoNA AEE EFEA HTF 2 o=
F27E A7) whigold #Eeal Wl Well Hds] AP
H Ao sk

S0 Y= ZAeAtgs SWAT Rdojx 71 wizst ¢l
A} 59 shtolH, 20&%?:1 olgo] tigt =& Ysolrt ut
2ha] At 7okt A7t HHY Rl WSk AL
iy ﬁﬁkoi Uelten (Fig. 4), Table 300149} o] 749k
I Boleke 1 %9 foaolA =2 A (0.774~0.860)
S veRJIEE 20004, 20014, 20044, 2007H-S 71-9-ak9]
Zpolof| e Etatal 7zh e %ﬂ—ﬁ}ﬂ | frAket Hefofla] O]
E3it. 20019 ~ 2003 Hefl= Aol S7igte] wheh TN
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SHEE fHARE AR BRI SSHslg TPRSlke] 4%
2001~ 2002714 S7Pd%e Eeu 2003d00e 4=
o gt FaFo] st Fojfol] Uashe AvE et
A sl whe AR FENske il HlEet
o $7keke 3, A3l vt S7F & oAl e ==
8, g 7MW et fAaste 78 9

TN
spslol Alglo] AABES fAISHs §30E ol THs
3l 9)
7H9glel] M SEuste] coret §3o] 24 £RE B

Table 3 Statistical analysis for average 10 years NPS
pollution loads

NS | Min | Max. | Mean(%’ | SE° | SD' | K

SStonfyr) | 10 | 22961 168,518 66,833(30.0) 14,644 46,309| 0.774”
TN(kg/yr) | 10 | 594,9031,356,187|967,985(60.1) 70,942| 224,340| 0.860"
TPkg/yr) | 10 | 11,668 56,344 26257(35.4) 4,108 12,990 0.809"

®: number of staistic, ® : % of NPS load, © : standard error, © : standard
deviation, © : correlation coefficient, ~ : correlation is significant at the
0.01 leve
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TS vFE Aol HeH,

Ao w2 HalF WskE #4517 st SS, TN, TPol
gt 5 A W e@HslES Abgsielen (Fig. 5), Z+
= AV Jang et al. (200929 AFAe} FAdsich
SS9} LRl AR ato|7} Qlovt Ap7] Z2 B
719l Aol ofgt ggol An, 797t AsEe sH7]
(6~99)oll= v HHe oJgt Fio] A
o] SS9 v sl A e gHslge 88.7 %ut AHA]
o= AoE Ueht SSeke Aeste] wiztstA whst
of std7ofl rEY AxfER Y B2 FEEEE
ERd 9hd, vPTole 28 A wet A H +E
SEE FEete AFE B

TNZ} TPE] ZL%= sha7|of] vl e dRstego] b=k Hl

(22t 61.8 %, 82.8 D)=™, B47] 9 Ag7]ol= SS9

ARTt 7] E A7l AedE feksle ¢F 50
EE/Y 5 16780 §RAAQL FA] sleAf gl W
Sl AEgroln, W] 23 dswe] Haet Qlo] ok
o] & 93RS m)x]al QJt}t (Han River Basin Environmental
Office, 2007). H& 9 <l &2 f71EHolU FHEEAH
FE70) B o] REE7|EC; 73y SHtolE D]
S5 EFUAtl g2tEo] 9| AdEEel AAs] fEE7
o] Ao TNI TP HIFY HRslRke] ujgo]
SSHETH= HluA W o8 AtrH].

TNz} TP AEYE $AMste F5sh detstedl, A=
A Ag7lddle skeAed Wit sleiAdRT 5 Hed
o] Z71ef 3P| A AR TNI TP 4249 Az
QG iRtk Kim et al. (2009)°] w2 2t Ax|ol
A9 TNEES] AEAQl W3k= $H3712A1d WRedat &
olFel AlAdo] itk HIUEQ O™, Rim et al. (2000)2
HoAde] gaFo] ARl shHolA AT 3lARol
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BASINS-SWAT Wl o]-§7F b o] vyl 2qulE Fae] didA
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2

Aaste 24700 et Aom musigch Agvleld  dlo] Abgel e RRS Axjetn gl shHa) st A
F47)2 HolSHAl NI} TPEE: 4] EH3E 7k90]  ZHoz Busly glow ulmwa AR x/aka 9l7] uf
SNEIE ol 4do] FEajdl Aos wohErh G Ro AF U 49| B REE ] wjEgTt sl
2700 wet 540 JFES opjal Q0150 AHel & & 98k ulF 29Itk Ouyang et al. (2008)°] wkEw ©
Ao thEA dehst S712A8 HRSE fgo] 22 dEAo] 920 Exo|2yE Rl FAAEE o %83 ol
A7lell 11 FeAd0l A= B 5 9low (Kardis et al, 1983),  z&2A AAJgE v} Qlck. T3k 0] A9 AzpkAo] ojat 27t
FSzTole 2R Q% v edde] deol T £ ueel 29A] QY9 Bm WEy] Sof ot Ak @ ol
AL 59| HHY edEdo] a5 njA gFRe F83| o

AFsE 4= 9l No. 5 §99] ARole Aok 491% (No. 6,

Table 4 Average 10-year NPS SS, TN and TP loads distribution

HHeHdoR QlRl =8 SR 9S wetely] fls =ojd in subbasins
T=RE SS, TN, TPe) vlfel eqRsks Agste] &q9 Unit subbasin’ | Subbasin | ~ SS (kg/ha) TN (kg/ha) TP (kg/ha)
g 7}7h Sgsiolet (Fig. 6, Table 4). A7A19o] gt ] 1 0588 7.004 0274
Y LAHAG S wsh] feiAe AGuRe ekt 4 2 0.428 5.89 0.208
T R Qlet ggke =& uE Bart 9ot SS9 Dowmsirean > 0.768 8.909 0.356
749 No. 5 4%%0] 3.97 ton/haZ BIHLFYol 23t g3k 4 3.971 30.186 2494
o] 7F A VERFAL No. 3, 4 £289L 9F 0.76 ton/ha ©] 5 0.149 18.899 0.110
sl v 3A etk T No. 5, 17 A890] 30.0 18 0.111 16.673 0.089
ke/ha OJAFoE 7} 9Azjdlo@ vpeRton 1 kol No, 6 0.761 10.724 0410
6~11, 18 299% 16.8~18.9 kg/ha 202 HH O HY Watermark | 0.116 17.048 0.107
of fgol vl 2 Ao ehdeh. TP A% No. 5 & ! oLt 10.122 Sl
FololA] 249 kg/hait 7P 2 RS vAE How e u oo e oo
I e

= (o2 Ol A= O1z]5

B L A el RS T 0% A AT A Midstream 12 0.114 16.803 0.090
O e, 13 0.074 11.900 0.061

No. 1~5 &F92 Ardus 1oz A FAR|Ho| 2| ) 14 0,070 13.032 0.060
3l o] 0.8~5.2 %9l W Ajdto] ol AFtE o] gro Upper strean ==~ 0.063 12,993 0062
o, ool A2 F/dE]o] Slrk (Table 5). §78A17F ZHA] 16 0.062 12.370 0.062
gl= HlFo] 10 U= FHLEs0] thh AgHA o] A9t No. 5 " 1 Unit boundary subbasins for the middle network of the Kyongan
2] A SAAE FAUAY] 44 %2 € 2o H] Stream watershed

a b c

/\/ Streams /\/ Streams

[ ] Subbasins Subbasins
TN NPS load [kg/ha] TP NPS load [kg/ha]
[ 5.896 - 8.909 [ 0.060 - 0.062
[ 8.909 - 11.900 [—10.062-0.110

/\/ Streams

| Subbasins
SS NPS load [ton/ha]
[]0.062-0.074
[ 0.074-0.198

[ 0.198 - 0.588 [ 11.900 - 13.032 0 0.110-0.274
[ 0.588 - 0.768 [ 13.032 - 18.899 [ 0.274 - 0.410
[ 0.768 - 3.971 I 18.899 - 43.755 I 0.410 - 2.494
0 5 Kilometers 5 o 5 Kilometers 0 5 Kilometers
e — e —

Fig. 6 Average 10-year NPS SS, TN and TP loading distribution in subbasinsg
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Table 5 Land use characteristic by subbasins in the Kyongan
Stream watershed

Residue ( )* |Agriculture ( )*| Forest ( ) etc” ()" | Total®
1 26.2 (1.9) 162.3 (11.7) | 962.5(69.3) |237.1 (17.1) | 1,388.2
2 16.5(1.9) 142.9 (16.6) | 512.5(59.5) | 190.0 (22.0) 861.9
3 174.7@.7) | 377.3(10.1) | 3,006.2 (80.5) | 178.1(4.8)| 3,736.3
4 183.3(5.2) | 452.7(12.9) | 2,734.9(77.8) | 145.5(4.1)| 35164
5 45(0.8)| 2358(40.7)| 301.8(52.1)| 36.6(6.3) 578.8
6 | 110.4(19.7) 47.6(8.5) | 345.8(61.6)| 57.6 (10.3) 561.4
7 | 677.0(17.9) 572.0(15.1) | 2,317.3 (61.2) | 2209 (5.8) | 3,787.2
8 | 3354 (16.4)| 206.4 (10.1) | 1,423.7(69.5) | 82.4(4.0)| 20479
9 | 575.3(14.9)| 556.8 (14.4) | 2,328.9 (60.2) |407.8 (10.5) | 3,868.8
10 487.7(7.1) | 1,209.5 (17.7) | 4,691.0 (68.7) | 436.2(6.4) | 6,824.5
11 375.1(7.3) 89.3(19.2) | 3492.6 (67.9) | 290.2 (5.6) | 5,147.2
12 | 571.3(125)| 587.2(12.8) | 2,826.2 (61.7) [595.4 (13.0) | 4,580.1
13 | 647.2(16.7) | 753.9(19.4) | 2131.2(54.9) | 347.0(8.9) | 3,879.2
14 | 160.9(15.8)| 395.7(15.9) | 1,541.3(63.7) | 181.9(4.6) | 2,232.7
15 | 579.6 (11.4) | 1,135.4(18.2) | 2,848.6 (64.2) | 141.1(6.1) | 4,876.4
16 | 489.0(11.9)| 438.2(23.3)| 1,248.6(58.4) | 312.8 (6.4) 90.5
17 | 618.9(20.5)| 623.4(18.3) | 2495.8 (52.2) | 214.7(9.00| 3,920.0
18 263.2(7.2)| 4199 (17.7) | 1,478.8 (69.0) | 134.8(6.0)| 2,303.0
Total 6,296.3 (11.1) | 9,306.5 (16.5) 36,687.6 (64.9) 4,210.0 (7.5) | 56,500.4

a

% of area, ° : pasture, barren, wetland, water, © : unit of area (ha)

8, 9, 11% Ml oF 49 (No. 7, 10, 11)o] Y5k, &3]
IAG F99 A9 No. 7 A5G AlYslas FAA BE
(7.1~ 17.9%)& Eh won ek (151~ 19.2 %)o] H]
WA gs] o]FofR| L 9l7] whEe] o= gt HHY 203
E49 wjgo] a7 9 FFE F & AUtk No. 17 &

o] 79 FA HlFo] Al spyt L AR WF

.
How Hmsi glom, B4 5o| AkIAHe| Hust g A
ofo] wla| wo| HEstm 91| wEe] BAHKeh Al %
Ba) wgogons ote & Ao= WEEL No. 17
agedo] Ago] SXIE No. 13~ 16 A88E 2719} 57
A B)Fo] A o} shfel X No. 17 Afole] 27
ol 5 u)A 2= 9.

4. R SETR|YOL AE

AW fje] nlHY 2@ AP FAE S4B
2710 YR AE §E50 ot A8 g gl 33
o10] B7)89) SR ZleE] ol AuHOR S5,
A%, 9 B MY 2PBUE IR 3 R E
Holgt #2E Fafol HAOE HYTE. S5t B - Tl
3 EAolge] RAUT ARuno 2 YAn 44 Fow
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%’7‘" ‘Q‘gﬂﬁ, 53] Al ¢ F2E sYPSsorRE A
o] AAAY vlE 9 EH|] wop ARgo] 7 A0
B0l w2 AHY] Mg} 88, SAHS 50] 72
¢lo= 283ttt (Shin, 2004).

SSeF FYEd AolE Skt A WA diBe FEARRE
Agsks JUEdds dEHoR sty I3k aFekd AJH]
(FEZAE] A7 dasith & ig Q8o EAgEoY
ARFE 59 fIFo] Sl AR Aol fIAjE =2
U AR 2 Wl SEAY, Al shs weh kel 2 3%
A T AL, U Aldd 9 S A 5o ZAAHE
= BEAY 994 fA4S AR 4 ole HER dido]
d 5 ek 19 Afols RETY BARIAN S2tsto] 2+
9 o= OIEE]E} H]% ’f_}auol Eooko a]i’]r Xe]if%”ﬂ{g]

29181 fauE

HogL 9] HRAIYo] % 4 0“1} Shrestha and Kazama
(2007)°fl 2l Hae Bie} go] ¢l e AR =R E AR
= 7= Rt AT oot webs ARl s
o et 24 24 A R 24 24 55 E)
AFHCRRE| ¢ §22 AT 4= Slrh oA AgE Bt
o Zo] iﬁx] 2 AR BEARGA WIS 2 Al Y
T2A & FUEE Al AxpAe, AJH|eA] 59
ﬁﬁ.oéolﬂ‘ﬂo}?l\_ SIS Fhetsial, FAAYEAIS] A
Y g9 Aol <t #8E ¢

d

o

T 24

I

o FUAGLE sPS wet F2 SHBORR o]FolA §lof
e AA AR SHEdo] AR FFEAY AEA A
A28E AR 50 2 vy TSR 58 £
A §&H) AN U wRol 7o HEAZ|olo] Ao
1T} Ql¥ato] Hidslal 9lo] 7F9-9&dukol Zrta A
ol apH4 A} TE%FJXWJ PGl 3RS AR
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) el Jmﬂ -

/4 B A Al gk osfizt /\45355]010]: by, Hez o)
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AAB ] 2gerhd Ak 9] HHY LHEYS ARA

lﬂ%ﬂ%ﬂ A= iEEA (Lee
33 (Yi and Park, 2004), 7<t
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Bl equle S A 24

2 AYFHE FES 7[EHoR ekt AS AXskaL
Qom A Az 9 H] &9 jrde 2HdEknt (MOE,
2008). Han and Park (2004)&= ZFd o] AAq1mo]
Rl AA o] st WS AABEAAL, Jang et al. (2009b)
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