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ABSTRACT

The accurate estimation of groundwater recharge is important for the proper management of groundwater systems. The
widely used techniques of groundwater recharge estimation include water table fluctuation method, baseflow separation
method, and annual water balance method. However, these methods can not represent the temporal-spatial variability of
recharge resulting from climatic condition, land use, soil storage and hydrogeological heterogeneity because the methods
are all based on the lumped concept and local scale problems. Therefore, the objective of this paper is to present an
effective method for estimating groundwater recharge with spatial-temporal variability using the SWAT model which can
represent the heterogeneity of the watershed. The SWAT model can simulate daily surface runoff, evapotranspiration, soil
storage, recharge, and groundwater flow within the watershed. The model was applied to the Musimcheon watershed
located in the upstream of Mihocheon watershed. Hydrological components were determined during the period from 2001
to 2004, and the validity of the results was tested by comparing the estimated runoff with the observed runoff at the outlet
of the catchment. The results of temporal and spatial variations of groundwater recharge were presented here. This study
suggests that variations in recharge can be significantly affected by subbasin slope as well as land use.
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Fig. 1. Schematic representation of hydrological cycle (Neitsch et al., 2001).
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Fig. 2. Schematic flow chart of pathways available for water
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Fig. 3. The
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Musimcheon catchment partitioned into 3

Subcatchment Area Main stream Main stream slope  Catchment slope Average elevation
(km?) length (km) (m/m) (m/m) (m)
45.99 5.87 0.002 0.068 99
82.89 11.54 0.006 0.083 139
3 43.65 7.21 0.016 0.141 256
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Fig. 4. Land use of the Musimcheon catchment
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Land use Description Area (km?) Raitio (%)
AGRC Agricuitural Land-Close-grown 325 1.74
AGRR Agricultural Land-Row Crops 2544 13.59
FRSD Forest-Deciduous 3326 17.77
FRSE Forest-Evergreen 3315 : 17.71
FRST Forest-Mixed 256.7 13.71
ORCD Orchard 13.7 0.73
PAST Pasture 39.0 2.09
RICE Rice 418.1 22.34
UCoM Commercial 72 0.39
UIbU Industrial 24.6 1.31
UINS Institutional 16.8 0.90
URLD Residential-Low Density 733 3.91
UTRN Transportation 22.5 1.20
WATR ‘ Water 33.6 1.80
WETL Wetlands-Mixed 153 0.82
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Table 3. Land use and catchment areas
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Subcatchment Urban Agriculture Forest Other Area

(*0) (%) (%) (%) (km?)

1 32.49 24.85 37.18 5.48 45.99

2 6.29 38.76 50.05 4.90 82.89

3 4.12 16.08 77.95 1.86 43.65

Total 12.73 29.32 53.68 429 172.53

Table 4. Soil group classification and composition ratio
Unit : %
Soil group
Subcatchment

SAMGAG DAESAN OSAN SANGIU SACHEON Others
34.83 0.00 8.22 10.57 9.59 36.79
23.89 0.00 14.44 7.82 0.11 53.74
3 6.80 52.58 1.24 3.51 1.44 3443

gae
g8®

&

L RENEE E
TTEE
BELH

U
g
B4

4.1. 24X 24

AF5Y B2 AR A B4 Al ARE
Table 5o #AA3HATE. 735 oyl ghekake] wiQl ks
L 17.2%-25.7%7HA tﬂi}ok— o Jepton, g
T 211%E BAEHAT E5A] A AijelA B 5
URO| RS GRS 7&¢E‘mﬂ A &l len,
200233} 200333} o] A5 U180 vlg) o
Z7hgol R 2 AL ¢ F Uct ole
Wt ohg} 73] ARRFERQ] B mgh ekl o

Journal of KoSSGE Vol. 11, No. 5§, pp. 9~19, 2006

Fig. 6. Spatially distributed HRU of the Musimcheon catchment.
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Table 5. Estimated annual hydrological components during 2002-2004 _
Year Precipitatioan Runoff Evapotrans- Recharge Recharge rate
(mm) (mm) piration{(mm) (mm) (%)

2002 1281.7 712.1 573.7 220.1 17.2

2003 1581.7 922.9 550.5 406.4 25.7

2004 1505.8 965.6 537.1 345.1 229
Average 1305.6 763.8 5204 275.7 21.1
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Fig. 7. Observed and estimated runoff for the Musimcheon
catchment during 2002-2004.
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Fig. 10. Estimated monthly recharge rate for the Musimcheon catchment during Apr.-Nov. in 2003.

Table 6. Basic statistics for the time series data of daily recharge rate

Unit : mm/day
Year Subcatchment 1 Subcatchment 2 Subcatchment 3 Note
2001 0.45/0.63 0.44/0.62 0.08/0.13
2002 0.73/0.84 0.72/0.83 0.18/0.25 .
average / standard deviation
2003 1.31/1.37 1.32/1.38 0.49/0.57
2004 1.13/1.27 1.12/1.25 0.37/0.47
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Fig. 10. Estimated monthly recharge for studied catchment during Apr.- Nov. in 2003.

Table 7. Basic statistics of estimated spatially distributed annual recharge rate

Unit : mm/year

Year Subcatchment 1 Subcatchment 2 Subcatchment 3 Note

2001 95/109 109/108 28 /54

2002 169/169 191/166 54783 .
average / standard deviation

2003 331/270 364 /264 130/ 145

2004 279 /240 307/236 104 /123

el HlshM EEURPL diE s Ao} FbA
Ago] A fr9oE BAHE], ofs &FY 30| t
R A2 FAEo] Al Table 49F Z°] DAESAN
F5o] zpFez By Eo] lo] FE-gHe] oj@Adol
2ol vl ZediA 7)R1%). 3], DAESAN

L ol b

£ fm

EEe HES} AE AR At 2 27%, 55%
24 79 HEXQ 14%, 36% R} =4 A3jske] B
o] Hggo] U EYSel vlE) At uebd ez
o] FFFo] A Wk ZoE ATHATE Table 87
2ol YUzt okl tieiME FY3 WS- Bolw ot

Journal of KoSSGE Vol. 11, No. 5, pp. 9~19, 2006



18 A - AIE - G - oA - oF

Table 8. Basic statistics of estimated spatially distributed monthly recharge rate
Unit : mm/month

Year Month Subcatchment 1 Subcatchment 2 Subcatchment 3 Note
3 126/3.47 1.53/3.56 0.69/1.91
2001 4 0.45/1.25 0.59/1.39 0.27/0.76
7 19.82/26.79 22.79/26.71 5.05/13.08
8 39.89/42.25 45.11/41.46 12.09/21.08
3 1.06/1.28 1.23/1.37 0.29/0.67
2002 4 091/1.36 1.13/1.74 0.29/0.95
7 5.55/7.74 6.81/8.56 1.84/4.39
8 42.51/43.64 47.85/42.97 13.38/21.78 average / standard
3 3.52/446 4.07/442 1.02/2.09 deviation
2003 4 8.63/8.78 9.71/8.49 2.63/4.06
7 52.93/50.23 59.35/50.00 19.02/26.18
8 73.95/61.60 81.61/60.54 29.50/33.59
3 493/6.69 5.75/6.88 2.26/3.49
2004 4 3.10/4.33 3.66/4.46 1.48/2.30
7 73.31/62.44 80.03/62.19 27.00/32.92
8 64.88/53.74 70.93 /53.27 25.09/28.78
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