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Abstract

Baseflow gives a significant contribution to stream function in the regions where climatic characteristics are seasonally
distinct. In this regard, variable baseflow can make it difficult to maintain a stable water supply, as well as causing
disruption to the stream ecosystem. Changes in land use can affect both the direct flow and baseflow of a stream, and
consequently, most other components of the hydrologic cycle. Baseflow estimation depends on the observed streamflow in
gauge watersheds, but accurate predictions of streamflow through modeling can be useful in determining baseflow data for
ungauged watersheds. Accordingly, the objectives of this study are to 1) improve predictions of SWAT by applying the
alpha factor estimated using RECESS for calibration; 2) estimate baseflow in an ungauged watershed using the WHAT
system; and 3) evaluate the effects of changes in land use on baseflow characteristics. These objectives were implemented
in the Gapcheon watershed, as an ungauged watershed in South Korea. The results show that the alpha factor estimated
using RECESS in SWAT calibration improves the prediction for streamflow, and, in particular, recessions in the baseflow.
Also, the changes in land use in the Gapcheon watershed leads to no significant difference in annual baseflow between
comparable periods, regardless of precipitation, but does lead to differences in the seasonal characteristics observed for the
temporal distribution of baseflow. Therefore, the Guem River, into which the stream from the Gapcheon watershed flows,
requires strategic seasonal variability predictions of baseflow due to changes in land use within the region.
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Fig. 3. Land use change in the Gapcheon watershed

Fig. 2. Scheme of study site location

Table 1. Landuse change in the Gapcheon watershed

199 2009 Temporal Change In

Landuse type Area (km?) Percent (%) Area (km?) Percent (%) Area (k)

WATR (Water) 3.00 0.45 7.49 1.15 + 448

UCOM (Urbanization) 65.97 10.16 95.5 14.7 + 29.53
AGRC (Agriculture) 16.75 2.58 20.76 32 + 4.01

PAST (Pasture) 21.16 3.26 27.82 428 + 6.66

FRSE (Forest) 400.10 61.59 385.40 59.33 - 14.70

RICE (Paddy) 142.64 21.96 112.65 17.34 - 29.98
Total 649.62 100.00 649.62 100.00 0.00
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Table 2. Dataset for SWAT simulation
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Data type Resolution Periods Source
L Temporal 1990 ~ 1996, . .. .
Precipitation KMA ( Korea Meteorological Administration )
(1 day) 2000 ~ 2006
Temporal 1990 ~ 1996, . . .
Temperature KMA ( Korea Meteorological Administration )
(1 day) 2000 ~ 2006
. Temporal 1990 ~ 1996, . .. .
Wind Speed KMA ( Korea Meteorological Administration )
(1 day) 2000 ~ 2006
L. Temporal 1990 ~ 1996, . .. .
Solar Radiation KMA ( Korea Meteorological Administration )
(1 day) 2000 ~ 2006
. Temporal 1990 ~ 1996, . .. .
Humidity KMA ( Korea Meteorological Administration )
(1 day) 2000 ~ 2006
Temporal 1990 ~ 1996, WAMIS (water management information system, Republic of
Streamflow
(1 day) 2000 ~ 2006 Korea )
DEM (Digital Spatial NGII (National Geographic — Information Institute, Republic of
Elevation Model) (5 m grid size) Korea)
Spatial . . .
. 1995, EGIS (Environmental — Geographic Information System,
Land use (30 m grid .
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Fig. 4. Overview of SWAT-CUP (Abbaspour, 2012)
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Table 3. Parameters selected from sensitivity analysis

a) Period 1
e Fitted Value
Sensitivity L
Rank Parameter Name Description
a MI M2
1 CN2 SCS runoff curve number for moisture condition II -16.480 23.250
2 ALPHA BF Baseflow Alpha factor 0.0412 0.647
3 SOL K Saturated hydraulic conductivity(mmvhr) -0.530 -9.648
4 GW_DELAY Groundwater delay 264.570 158.100
Threshold depth of water in the shallow aquifer required for
5 GWQMN 1.370 1.510
return flow  to occur
6 GW_REVAP Groundwater “revap” coefficient 0.110 0.160
7 CH_N2 Mannings’ ”n” value for the main channel 0.160 0.250
8 CH K2 Effective hydraulic conductivity in main channel alluvium 25.560 43.130
9 SOL_AWC Available water capacity of the soil layer 0.170 0.379
b) Period 2
e Fitted Value
Sensitivity .
Rank Parameter Name Description
M1 M2
1 CN2 SCS runoff curve number for moisture condition II -3.000 -1.480
2 ALPHA BF Baseflow Alpha factor 0.053 0.049
3 GW_DELAY Groundwater delay 7.500 9.550
Threshold depth of water in the shallow aquifer required for
4 GWQMN 1.475 1.850
return flow to occur

5 GW_REVAP Groundwater “revap” coefficient 0.066 0.090
6 ESCO Soil evaporation compensation factor 0.850 0.990
7 SOL_AWC Available water capacity of the soil layer -0.110 -7.500
8 SOL K Saturated hydraulic conductivity(mm/hr) -19.800 -17.148
9 SURLAG Surface runoff lag time 9.050 9.150
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Fig. 5. Comparison of calibrations using M1 and M2 for the observed streamflow at Heodeok gauge station
(M1 is calibrations using Alpha factor estimated from RECESS and SWAT-CUP; M2 is calibrations using only
SWAT-CUP)
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BASEFLOW (CMS)
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Table 4. The estimation of streamflow and baseflow in the Gapcheon watershed using SWAT and WHAT
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Period1 1099.87 5.707 2.767 58.9 2.940 41.1
Period2 1240.37 7.653 4.631 63.5 3.023 375
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Fig. 9. The relationship between the ratio of baseflow to precipitation and the ratio of land use area to total area at

sub-watershed scale (total area indicates the area for each

sub-watershed)

Table 5. The ratios of baseflow to precipitation for land use change in individual sub-watersheds

a) Period 1
Sub- Sub- UCOM ucom/ RICE RICE/ Precipitation Baseflow Bas-ef"lovlv/
Watershed Watershe(zj Ar ej 32W . Arejl SzW i (onm) (onm) Precipitation
Area (km’) (km”) (km'/kn’) (km") (km'/kn’) (mm/mm)
1 48.096 8.158 0.170 15.016 0.312 1136.2 581.060 0.511
2 0.999 0.279 0.279 0.302 0.302 1136.2 576.438 0.507
3 30.191 6.425 0.213 6.535 0.216 1136.2 621.459 0.547
4 32.876 4.044 0.123 9.640 0.293 1136.2 546.117 0.481
5 8.193 4.224 0.516 1.908 0.233 1136.2 463.079 0.408
6 4.347 1.970 0.453 1.237 0.284 1136.2 507.094 0.446
7 26.851 1.424 0.053 11.285 0.420 1136.2 604.435 0.532
8 66.522 1.879 0.028 17.487 0.263 1136.2 459.462 0.404
9 89.110 19.391 0.218 13.564 0.152 1136.2 302.461 0.266
10 70.326 2.721 0.039 15.095 0.215 1136.2 462.882 0.407
11 82.425 14.196 0.172 13.608 0.165 1136.2 366.098 0.322
12 25.204 0.273 0.011 4.946 0.196 1011.8 141.316 0.140
13 86.614 0.222 0.003 12.906 0.149 1011.8 211.086 0.209
14 77.864 0.763 0.010 19.108 0.245 1011.8 140.939 0.139
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b) Period 2
Sub- Sub- ucoM ucom/ RICE RICE/ Precipitation Baseflow Bas'eflov'v/
Watershed Watershe;i Areza SZW i Aref SZW . (mm) (onm) Precipitation
Area (km®) (km®) (km“/km") (km®) (km“/km") (mm/mm)
1 48.096 13.590 0.283 10.508 0.218 1195.2 462.673 0.387
2 0.999 0.158 0.158 0.041 0.042 1195.2 554.562 0.464
3 30.191 9.046 0.300 1.778 0.059 1195.2 507.819 0.425
4 32.876 5.490 0.167 7.237 0.220 1195.2 479.973 0.402
5 8.193 4.997 0.610 0.191 0.023 1195.2 388.941 0.325
6 4.347 2.419 0.556 0.471 0.108 1195.2 408.747 0.342
7 26.851 2.665 0.099 10.566 0.394 1195.2 529.251 0.443
8 66.522 5.254 0.079 13.988 0.210 1195.2 411.647 0.344
9 89.110 22.984 0.258 11.931 0.134 1195.2 302.539 0.253
10 70.326 5.939 0.084 10.919 0.155 1195.2 422.729 0.354
11 82.425 16.880 0.205 8.955 0.109 1195.2 343.033 0.287
12 25.204 0.873 0.035 4.643 0.184 1349.9 238.950 0.177
13 86.614 2.710 0.031 13.162 0.152 1349.9 315314 0.234
14 77.864 2.495 0.032 18.263 0.235 1349.9 247.533 0.183

Table 6. Geometric and topographic characteristics of sub-watersheds

SW Slope (%) Longest river length (m) Average elevation (m)

1 15.81 16064.19 74.25
2 12.30 2218.12 47.56
3 13.46 11080.42 84.34
4 21.50 11347.12 120.50
5 10.41 8187.57 78.26
6 9.19 3702.16 64.25
7 20.94 9887.56 118.34
8 30.22 26411.38 142.98
9 33.83 25808.31 176.76
10 29.06 22890.34 201.15
11 32.66 26583.40 157.93
12 50.35 14825.94 24195
13 44.71 29782.99 240.82
14 43.80 22149.98 251.90
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