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Abstract

Delay time for groundwater recharge means the travel time from the bottom of soil layer to groundwater
through vadose zone after infiltration from rainfall. As it is difficult to measure delay time, we suggested
an empirical formula which is derived by using linear regression between altitude and delay time. For the
regression analysis, 4 major gauging watersheds were chosen (Hancheon, Kangjeongcheon, Oedocheon,
Cheonmicheon) with 18 measured groundwater level stations. To verify this empirical formula, derived
equation from linear reservoir theory was applied to compute delay time and to compare estimated amounts
of groundwater recharge using both methods. The result showed good agreement. Furthermore, if derived
empirical formula would be linked with SWAT model, the spatial time delay effect in the watershed could
be reflected properly.
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Fig. 1. Conceptualization of Groundwater Recharge (Modified from Kim et al.,
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Fig. 2. Maps of (a) Weather Station, (b) Soil
Classes, and (c) Land Use of the Study Area

FrFdAS NS ol&dte] FrEHS AHdste] 7=
AE 3tk A8k BSARE o] 8t T
T meke] Ay S B8 Ak BAE
gtk o= FoxAe T3 =7A SHAA A
D A7 ASEo] B eI S &
2 HEtHKim et al., 2013c).

B AR 4719 el AFEEAAE A}
oA FElskar = 13670 AH ] Ask9] #57
= 33l 1370 X1-(YDL, YD2, GH, YD, ODI1, OD2, OD3,
OD4, OD5, DN2, ID2, GDR, OR)©] $1A1&kar ¢lar, 443
2 271 AR (YH, SH)olH, 9% 37X H(HGS, ESS,
IH), Zv)3-e 1270%4(SH3, GR1, GR2, HC1, HC2, HCS,
HC4, SD1, SD2, SD3, SH1, SH2)°] $]x]3}ar thFig. 3).

)

of
E



Ao R AR FPFS Y5
e b UL ERERER T RIS R
28 A3 AL AR Hurt a7 B G
U F 307} BEAZ F BEARL] A1) 14 1]
Wl At BEAR AL Az Webh g A
3} 9] Q191Hel Yero 2 S9luBo] skl BEe
F2 F49E A9 5Fg 4S A F 187 A4
o ARE FHo BN AT
3. 4% ¥

=
3.1 BTEAS S8 XMAIZ A

Aol A= SWATE el 28317 913 Fd4&

Ay ’W\a /A(ID p
N T Jz'ﬁfji\/w

}45 )‘} §
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Table 1. Explanatory to the Linear Regressive Equation

R R-square Corrected R-square Standard error

0.85 0.72 0.70 15.48

Table 2. Result of Fitness to the Regression Analysis

Contents Sum of squares Degree of freedom Mean square F-value p-value
linear regression 1.87E-05
analysis 2051 I 051 3778 (<0.0001)
Residual 3593 15 239
Total 12644 16
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S35 tH(Fig. 9). Fig. 1094 1770] 352l
sl RMSEZNE =AIEte] YeRATE A A A 7]
RMSE#-2 0.01-2.01% 2591 &892} ol EZ3txo] A
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52 +Max errors =3t AlLke RMSES) +60%
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—— Regressionline
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Fig. 9. Range for Error analysis of Regression

Recharge at |ho Station Equation
Table 3. Result of Fitness to the Regression Analysis
el El RMSE (+1\/Fa1:</l Sel;:ror) (*1\/}2:(/[ Sel;:ror) (+6(E){£[Sell?ror) (*G(I){OZ[ Sel;:ror)
HC1 25.48 2.01 2.58 2.06
YD1 38.16 1.16 0.94 0.71 3.10
GH 47.20 0.22 0.55 0.39 1.15
D2 57.65 0.34 0.81 4.50 0.57 1.28
SW2 57.69 1.00 1.62 4.42 1.32 1.52
SH3 77.74 0.45 0.64 1.90 0.45 0.77
DN2 86.00 1.27 0.98 2.56 0.68 1.20
HC3 87.15 0.27 0.75 1.99 0.52 0.85
SD2 90.06 0.13 0.61 1.43 0.40 0.70
YD 105.28 0.09 0.26 0.69 0.18 0.31
GDR 111.83 0.19 0.33 0.84 0.23 0.37
HG3 116.00 0.31 0.31 0.70 0.21 0.35
HC4 117.69 0.01 0.35 0.81 0.24 0.37
SD3 125.98 0.04 0.56 1.17 0.36 0.59
YD2 161.90 0.22 0.43 0.66 0.35 0.46
OR 232.84 0.01 0.18 0.34 0.12 0.17
GR2 429.46 0.16 0.67 1.05 0.44 0.54
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