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ABSTRACT

In this study, the annual and monthly groundwater recharge for the Sapgyo-cheon upstream basin in Chungnam Province
was evaluated by water balance analysis utilizing WetSpass-M model. The modeling input data such as topography,
climate parameters, LAI (Leaf Area Index), land use, and soil characteristics were established using ArcGIS, QGIS, and
Python programs. The results showed that the annual average groundwater recharge in 2001 - 2020 was 251 mm, while
the monthly groundwater recharge significantly varied over time, fluctuating between 1 and 47 mm. The variation was
high in summer, and relatively low in winter. Variation in groundwater recharge was the largest in July in which
precipitation was heavily concentrated, and the variation was closely associated with several factors including the total
amount of precipitation, the number of days of the precipitation, and the daily average precipitation. This suggests the
extent of groundwater recharge is greatly influenced not only by quantity of precipitation but also the precipitation pattern.
Since climate condition has a profound effect on the monthly groundwater recharge, evaluation of monthly groundwater
recharge need to be carried out by considering both seasonal and regional variability for better groundwater usage and
management. In addition, the mathematical tools for groundwater recharge analysis need to be improved for more accurate
prediction of groundwater recharge.
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Fig. 1. Study area(Sapgyo-cheon upstream basin, Chungnam
province).
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Fig. 2. Land use map of the study site. Raw data are from EGIS
(http://egis.me.go.kr) and the figure was prepared with QGIS
program.
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Fig. 3. Soil map of the study site. Raw data are from WAMIS
(http://www.wamis.go.kr) and the figure was prepared with QGIS
program.
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Fig. 4. Schematic diagram of WetSpass-M model. WetSpass-M model uses a subgrid concept to reflect elaborate land use change in a

grid(modified from Abdollahi et al., 2017).
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Table 2. Input parameters for land use parameters in the study

Code ]_Egig VEG Coll Col2 Col3 Col4 Col5 Col6
110 Residential area grass 0.3 100 0.12 0.03 0.667 212.0
120 Industrial area grass 0.3 100 0.12 0.03 0.667 212.0
130 Commercial area grass 0.3 100 0.12 0.03 0.667 212.0
140  Cultural "‘“iﬁezp"“s Bl s 03 100 0.12 0.03 0.667 212.0
150 Traffic area grass 0.3 100 0.12 0.03 0.667 212.0
160 Public facility area grass 0.3 100 0.12 0.03 0.667 212.0
210 Paddy field crop 0.4 180 0.6 0.037 0.541 115.0
220 Upland field crop 0.4 180 0.6 0.037 0.541 115.0
230 Facility cultivation forest 0.8 150 3 0.05 0.4 547
240 Orchard forest 0.8 150 3 0.05 04 54.7
250 Other cultivation forest 0.8 150 3 0.05 04 54.7
310 Deciduous forest forest 2 250 18 0.1 0.2 272
320 Coniferous forest forest 2 500 15 0.1 0.2 28.6
330 Mixed forest forest 2 375 16 0.1 0.2 28.1
410 Natural shrub grass 0.6 110 2 0.05 04 66.3
420 Attificial shrub grass 0.6 110 2 0.05 04 66.3
510 Wetland - -9999 -9999 -9999 -9999 -9999 -9999
610 Natural bare soil bare soil 0.5 110 1 0.04 0.5 91.8
620 Artificial bare soil bare soil 0.5 110 1 0.04 0.5 91.8
710 River and lake open water 0.05 110 0.001 0.02 1 426.7

*VEG : Vegetation type; Coll : Rooting depth[m]; Col2 : Minimal stomatal resistance[s/m]; Col3 : VEG_HEIGHT[m]; Col4 : n(Manning’s
roughness coefficient); Col5 : Land factor; Col6 : Aerodynamic Resistance[s/m] (Data were referenced from Abdollahi, 2015)

Table 3. Input parameters for soil parameters in the study

Code Soil Coll Col2 Col3 Col4 Cal5 Col6 Col7
1 Sandy loam and sand 0.165 0.07 0.1 0.0305 0.48 0.05 0.11
2 Cg}fg L?Z;“ngi 0.38 023 0.15 0.0655 025 0.05 0.3
3 sandy loam 0.21 0.09 0.12 0.041 0.44 0.05 0.15
4 Sandy loam and clay 0.335 0.21 0.13 0.0655 0.33 0.05 0.26
5 Clay loam and sandy loam 0.27 0.14 0.13 0.058 0.36 0.05 0.205
6 silty clay loam and clay 0.41 0.26 0.15 0.065 0.25 0.05 0.35
7 clay loam and clay 0.395 0.26 0.14 0.0825 0.24 0.05 0.315
8 sandy loam 0.21 0.09 0.12 0.041 0.44 0.05 0.15
9 silty clay loam clay 0.41 0.26 0.15 0.065 0.25 0.05 0.35
10 Sand 0.12 0.05 0.07 0.02 0.51 0.05 0.07
11 Sandy loam and silty loam 0.25 0.095 0.16 0.028 0.42 0.05 0.18
12 silty loam and clay 0.375 0.215 0.16 0.0525 0.31 0.05 0.29
13 silty loam and silty clay 0.36 0.07 0.1 0.0305 0.48 0.05 0.11
14 sandy loam and clay loam 0.27 0.14 0.13 0.058 0.36 0.05 0.205
15 clay loam 0.33 0.19 0.14 0.075 0.27 0.05 0.26
16  Clay loam and sandy loam 0.27 0.14 0.13 0.058 0.36 0.05 0.205
17 clay loam 0.33 0.19 0.14 0.075 0.27 0.05 0.26
49 Rock -9999 -9999 -9999 -9999 -9999 -9999 -9999

*Coll : Field capacity[—]; Col2 : Wilting point[—]; Col3 : PAW(Plant available water content[—]; Col4 : Residual water content[—]; Col5 :
Al[-]; Col6 : Bare soil evaporation depth[m]; Col7 : Tension saturated height{m] (Data were referenced from Abdollahi, 2015)
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Table 4. The results of the annual water balance components (2001~2020)

Year Precipitation Interception Surface Runoff  Evapotranspiration Groundwater Recharge rate
(mm/year) (mm/year) (mm/year) (mm/year) recharge (mm/year) (%)
2001 945 116 356 338 192 19.1
2002 1420 129 672 373 280 19.2
2003 1389 145 574 384 306 21.7
2004 1279 153 497 419 245 18.7
2005 1300 136 583 352 261 19.6
2006 985 96 413 282 225 222
2007 1383 141 579 320 358 25.6
2008 862 124 253 270 229 26.2
2009 1078 116 424 339 244 21.7
2010 1822 134 1042 380 292 15.8
2011 1724 138 918 330 356 20.4
2012 1481 122 726 346 312 20.7
2013 1203 125 498 425 228 17.9
2014 1005 123 347 362 210 20.2
2015 801 95 221 259 246 30.0
2016 857 91 332 305 175 19.4
2017 843 101 288 234 238 27.6
2018 1282 132 549 506 165 122
2019 868 111 285 338 169 18.7
2020 1395 147 621 359 286 20.2
Minimum 801 91 221 234 165 12.2
Maximum 1822 153 1042 506 358 30.0
Average 1196 124 (10.1%) 509 (41.4%) 346 (28.1%) 251 (20.4%) -
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Table 5. The results of the mean monthly water balance components (2001~2020)

59

Months Precipitation Interception Surface Runoff  Evapotranspiration Groundwater recharge Recharge rate
(mm/month) (mm/month) (mm/month) (mm/month) (mm/month) (%)
Jan. 24 1 6 5 12 51
Feb. 34 1 11 9 14 45
Mar. 40 1 11 10 18 49
Apr. 78 2 31 23 24 37
May 90 15 28 40 13 20
Jun. 125 20 44 48 17 17
Jul. 296 32 152 69 47 15
Aug. 233 27 111 61 39 17
Sep. 136 15 66 39 19 19
Oct. 53 6 18 21 11 27
Nov. 52 2 19 13 19 40
Dec. 36 11 8 17 47
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