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Assessment of Water Balance Considering Runoff Characteristics
in the Mountainous Area of Pyosun Catchment in Jeju Island
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Rural Research Institute, Korea Rural Community Corporation, Ansan 426-170, Korea

Abstract

The grid-based water balance of watershed scale was assessed in the mountainous area of Pyosun catchment in Jegju Iland
after anadyzing precipitation, evapotranspiration, and runoff from January 2008 to December 2013. The existing results of
direct runoff, evapotranspirtion, and groundwater recharge comparing to precipitation were presented 22.0%, 25.6%, and
52.4%, respectively, in Pyosun catchment. However, this study indicated each component shows 14.5%, 24.2%, and 61.0%,
respectively, in the mountainous area of Pyosun catchment. Therefore, groundwater recharge rate in the mountainous area
appears higher than 10% comparing to the overall catchment. It would be analyzed that the amount of direct runoff is
relatively small. Moreover, this difference could be generated because of the spatial discontinuities in the process of estimating
the total amount of precipitation in the mountainous area. Therefore, the grid-based spatia analysis to maximize the spatial
continuity would be useful for providing a more reasonable result when the total amount of water resources are evaluated in
mountainous areas in the future.
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= 2002; Yoon -5, 2004).

2 o] dPRIHR] AT AFE A S
of| Ax|R| o] EAJo| 7ret stetito] $ix]gtol| wkel, A
o 7ol X281 HA L ui- Aok EF |k
2] E4o] SA1Re g Fekeo] uie- 7] wiiEol,
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o2 AHA Ut} (An -5, 2006). AlFEo] E4A] 24
= 1972\ ojef| 4=3fE]o] ghom, Tt AlFEHAA| =
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Fig. 1. Hydrogeol ogic section aong the Gyorae-Hacheon line over Pyosun catchment (JSSP, 2006).

- ikz- @ Algk %7]%.01%3}04. Al (AE ol8ste] 1Y ©e
= APt (Fig. 2).
= El(zy— 2)”] ®
P=DR+AET+ RECH+ AS
3. gvZn

of7|4], Pi= 74455 (mm), DRE: 312 4% (mm),
£ oA 20024 19078 20139 1297 £ ART = A4 ZHbE (mm), RECE Ak e

Ae] AR Qltol] IRt 71 WA sk (mm), AS= B0k~ 13}eF (mm) o]tk

EF SHARRE A2 T 71 T AU

AHEE AR o] g3lo], 7seF, Zupk 2| oZa) 3.1. Z+E =4

SET= = $) 10T oy o2t e TT= 0 o _ bado oln

58 AT T ARG o Bpag Wty SR Aot oiel A S R e

)
=
=

=
[

2-6:01 A1) 7] Sof| tjat )= An = (2006)0] A At A= E o] 8sto] Aoy 5 Fa e A

B o



508 F495 -

|

Climatic Data Water Balance Analysis Parameter Spatial Data
(Daily) ( Each Grid )
Interpolation
Reinfal I | Dady Rainfal
(10 Point Data)
GIS
Direct Runoff Soil Map
(SCS Method) -—{ Curve Number |*-—
—t Land Use Map |
Maximurn Temperature Penman-Monteith 4* Land Usa Map |
Minimum Temperatune Crop Reference Actual Crop Coefficients
. . | FAD Valus
—
Average Windspeed Evapotranspiration Evapotranspiration Soil Water Alen et al, 1906
Average humidity Retention Capacity
(Jeju Climate Station)
Potential Recharge
Fig. 2. Schematic procedure of groundwater recharge estimation (An et al., 2006).
Aot T, o|2HE 1Y Tk SodH 7reke Akkst =+ (NRCS, natural resources conservation service) 2]
Tefut o] WPHe Xgo] dgrom AW k] 7F9-f21mel NRCS-CN (curve number) 232 2]

=

o 419} A} BRI YRS E3eE E 1011
kol tfsled, A190] Qe X|ofS 3Rt & 12329)
AR O =R J4erk ARE ol galict. o)
o 85 A= 2002 E] 12l 7h ko, J4ea
o] HPAIE 19) B91 T o) WS ol 831 2zt
o] 244} (250%250 m)e] eifstol 7kt Akt
(Table 1)(Fig. 3).

A4 GERe 2008WHE 2012W71] 7|7te] 749

USARE oESIPAIT, 19 W F=F VA

2 x|ofw} 20074 o] H9] GETE vl HAX AR

>
2
=

85t0] 24519Jrk NRCS-CN-& ko] -H3kd B
i EX R ofsf AR sk=tl, 2 At
AYEoke (RDA, 1976)9F EX|ujEr 2 HE| 717k 4>
o SR EAEE AJHE el ek
Ft AUEG oA AXSE EFE-S 7122, Chung
5 (1995)0] AR O = AR {3l
iAoz BEARLE 49, 24, W, FAX], Al
BAL, T, B2 5O R ARSI A2 NRCS
O] HE{E T EgE0I =gl osl AE=
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Table 1. Wesather stations around Pyosun catchment
System Station Korean name Latitude Longitude Elevation (m)
Station* SPA Aol 164508.00 37659.00 763
AWS** ERM ofg)& 152851.00 38559.00 970
AWS WSOR SH = 155542.00 35214.00 1,673
AWS oD 5 156238.00 42350.00 513
AWS JDRB ZgEd 158539.00 36036.00 1,490
AWS SH A 173137.00 45832.00 341
AWS PS 3EA 178671.00 34207.00 113
AWS CBGJ %] 149902.00 34709.00 1,100
AWS GES HSA 158057.00 41794.00 580
AWS SDS Atk 169248.00 41544.00 440
Station AR oz} 159438.00 43449.00 379
Station TPCT e AlE] 168695.00 30476.00 237

* weather station, ** automatic weather system

L] 0 5 Kilometers

“TPET
oy TPEL

Fig. 3. Study areafor grid analysis with 12 weather stations and a stream gauging station (GR point) over the mountainous

area (inside thick solid line) in Pyosun catchment.
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Table 2. Curve number by hydrologic soil groups and land use types in the mountainous area

Hyd;?gﬁ'}g soil Orchard Road Row crops Forest Urban district | Residential Meadow
A 32 83 51 15 7 59 30
B 58 89 67 44 86 74 58
C 72 92 76 54 91 82 71

C]39-81
I 52-68 ,~
I 64-90 - "

\

5 Kilometers

(b)
Fig. 4. Distribution of hydrologic soil groups (a) and estimated runoff curve number (b) over the mountainous areain Pyosun
catchment.
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Fig. 5. Comparison result between observed and calculated
runoff.

B Aol e EXT R 24
9 oz A 2 Ex]o]8-S &S], FAO Penman
-Monteith 41 0]-83te] Agatotey. ofuf Zzbd 4]

Table 3. Monthly crop coefficients for each land use

A 9 Exjolge] w2 U AEASE, Allen 5
(1998) 0] ZEAIE 2831 7|20 AT-ATE 285}
St (Table 3). Z|3EHO| =3 = EY= 29
2] (SWRC-SWi)E A2 $ol| A= #ie] Aol slte
olgdh= AoR TEESIGirh Eo Bl B
PUEYEE o]8dto] Ad §oo] EoF Zloet BF
E54& BEYiE APgsielon (RDA, 1976), =& 9l 5t
525 w7t AFER= A o2 71gsteirt (Fig. 6). 2+
=0 #igjzloli= Allen 5 (1998)°] AA[SE Z|chfa #E
Z]zlole} tiarE o] ESFZIo] (CF st Zol)E Bl
dlo] 2o zhog Al 15 m, P 1.1 m, 24
9} F4A= 0.4 m, AR} AH8A]= 0.1 mE 2z}
A8t A7) B U E, ZMARIE,
BNE S0z HEsly 0.5 bare)l 100 baro] B
g ARE Waste] gt 92 (wilting
point) o] SRRk Agol| A1-8-519ict

2] SDSA|F)0] o]F0]7]7] 0]73] 617 (2002~2007
)3 o1 6¥IK1S) QBT FASHE 2235568

&+ 59 =S 600.7 m/Ho= A ko
16.6%=, 1 I=50] o|Fo)A]7] o]F Rl 617t} 1 o]
% p7te] 9&eko 717 556.4 A (15.7%) 2} 622.5
m/ | (17.6%) = UERTh 12d7ke] B ARl
AKERS-868.8 i/ H O 2 7o) 24.1% A E|0
], 59 ol 71 = o a1 o] 50 AR Sk
£ 7}7} 874.4 mn/'A (24.6%) T} 831.2 m/\d (23.5%) 2.
B UeR weba] 2A4717F12d Feke] At A5t
o TSRS 2,075 m ' 02 7FRke) 59.3%= LFER

Land use Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Forest 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Orchard 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Meadow 0.8 0.8 0.8 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.8
Row crops 0.8 0.8 0.8 0.85 0.85 115 115 115 0.9 0.85 0.85 0.8
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Fig. 6. Distribution of soil retention capacity over the mountainous areain Pyosun catchment.

Table 4. Result of water balance in the mountainous area of Pyosun catchment

Period Precipitation Runoff Evapotranspiration Recharge
i
(year) mm/ 10°m¥% | mm/ | 10°m¥ % mm/ | 10°mY % mm/ 10°m?¥ %
year year year year year year year year

220802; 3,556.8 196.0 556.4 30.7 157 | 8744 48.2 246 | 21260 117.1 59.7
2008~

2013 3,531.8 194.6 622.5 343 176 | 8312 458 235 | 2,0780 1145 58.9
Mean 3,544.5 195.3 600.7 325 16.6 | 868.8 47 241 2,075 115.8 59.3

3
[ 1765-1139
L[ 11138 - 1431
- 1431 - 1835
1835 - 2216

.

Fig. 7. Digtribution of groundwater recharge over the mountainous areain Pyosun catchment.
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Table5. Result of water balance with height in the mountainous area of Pyosun catchment
) Precipitation Runoff Evapotranspiration Recharge
Elevation | Area mmw | 10°m¥ | mm/ | 10°m¥ mm/ | 10°m’ mm | 10°m?

(m (k) year year year year % year year % year year %
400~450 14.81 3,161.4 46.8 793.1 11.7 25.0 | 809.6 12 25.6 | 1,558.7 231 494
450~600 19.84 34722 68.9 580 115 16.7 855.1 17 247 | 2,037.1 40.4 58.6
600~900 16.94 3,883.5 65.8 456.6 7.7 11.7 877.7 149 226 | 25492 43.2 65.7

900~1,200 318 39471 12.6 478 15 11.9 877 28 222 | 25921 83 65.9
>1,200 0.33 3,744.9 12 4427 0.1 8.3 879.4 0.3 250 | 24228 0.8 66.7
Annual mean| 55.1 35445 195.3 600.7 325 16.6 | 868.8 47 241 | 2,075.0 1158 | 59.3

o, §9 W 7V TS| olFolx)7] oAl 6|zt
71 o]%- 67te] Aok RS 247t 2,126 my/d
(59.8%) 7} 2,078 /' (58.9%) 0= BAlE]lr) (Table
4)(Fig. 7).

o g 7R 3,161.4~3,947.1 i/ A 02
FTL S o] ke AR EAE I
(Table 5). 11 UH G-EeF0 442.7~793.1 my/d
S8 FF ESE HASHL Fa SRR
809.6~879.4 m/H L2 Z o7} gl A0 LERS
th A og Fa7}t wolEeE ko] Skeks
HHH -] At Xol ok a7} o
Aes S7kk= 43e Blck. 31 \Agdt Ak
Slofako 1 558,.7~2,592.1 m/\d 0.2 HAE]| 9k

ShA AR AR (ISSP, 2013)0l4 A1
o Aol gk e A RSl 5374k
m’lyear2] oF 44%2] 23811t m*lyear © 2 LFERF oM,
53] 200 m oo aiteof| tgh ok it RS
o] 32415t mfyear2] oF 449%¢<1 14494t m’lyear 2 A
A HEQle}. T1efut 2 Aot Aol 5745 400 m o]
o] AR|A o) tigt Bat FFES HA EFFe
59.3%z2 A Bt oF 15% 7| Uepgton, sjigt
w7k 7Rl whet ghkEo] 2o oF 23% =okl=
A2 vepsith

4. 2E

2 AtolAE 2008 1€ 2013 129714] 3
5 AR el T, B, S R R S
& Sjelol ZbIite) frefes) BeAtE B7IHI,

S

71&e] ARl digh g oin] A fE8S
26.6%, SHUARE-S 20.1%, Al kS 44.3%2
217} AAE B} QJT} (JSSP, 2013). =2 Aol Hrke
FAFG AR A 0] Bl 7w v 21 fE S
2 16.6%, ZHARE-2 24.1%, A|5}5= k-2 59.3%

2 Loy wfeby Aal gokao] mALge] A

—1 = [e]
b Ko} 15% 5= ) Ve, ol A AR
Ao Abuleo] ol A Akl 5 5 A =
go| AiF o 7] giEo R wekech 3k o]t
Zoli= AR el thgt Ak F5F W7F Al A3k

AT Sk Tl WA Bhe) B
S RO R b = gk webA] G ARE AR
A o] Tigk A1) Bk 7} Al Arre] A9l 3

™
Ny

32 Tt A7 4 gl AR 37

B PR ol 83k Zlo] FelA o sieteck

L FERER AN WET G SEASIA]
‘AT Eg el 9 Ak ] 71 S 410
2|971&541B02)" A0 & 4=l ch
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