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Abstract

The purpose of this study is to evaluate the future hydrologic behavior affected by the potential climate and land use changes in upstream
of Anseong-cheon watershed (366.5 km?) using SWAT. The HadGEM3-RA RCP 4.5 and 8.5 scenarios were used for 2030s (2020-2039) and
2050s (2040-2059) periods as the future climate change scenario. It was shown that maximum changes of precipitation ranged from -5.7%
in 2030s to +18.5% in 2050s for RCP 4.5 scenarios and the temperature increased up to 1.8°C and 2.6°C in 2030s RCP 4.5 and 2050s 8.5
scenarios respectively based on baseline (1976-2005) period. The future land uses were predicted using the CLUE-s model by establishing
logistic regression equation. The 2050 urban area were predicted to increase of 58.6% (29.0 to 46.0 km?). The SWAT was calibrated and
verified using 14 years (2002-2015) of daily streamflow with 0.86 and 0.76 Nash-Sutcliffe model efficiency (NSE) for stream flow (Q) and
low flow 1/Q respectively focusing on 2 drought years (2014-2015) calibration. For future climate change only, the stream discharge showed
maximum decrease of 24.2% in 2030s RCP 4.5 and turned to maximum increase of 10.9% in 2050s RCP 4.5 scenario compared with the
baseline period stream discharge of 601.0 mm by the precipitation variation and gradual temperature increase. While considering both future
climate and land use change, the stream discharge showed maximum decrease of 14.9% in 2030s RCP 4.5 and maximum increase of 19.5%
in 2050s RCP 4.5 scenario by the urban growth and the related land use changes. The results supported that the future land use factor might
be considered especially for having high potential urban growth within a watershed in the future climate change assessment.
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Fig. 1. Location of Gongdo watershed and (a) Observation stations, (b) DEM, (c) Land cover, (d) Soil Texture
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Fig. 3. Future monthly temperature and precipitation based on baseline period (1976-2005) (a) RCP 4.5 temperature, (b) RCP 8.5 temperature,

(c) RCP 4.5 precipitation and (d) RCP 8.5 precipitation
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Table 2. Summary of future CLUE-s land use change prediction
Land use (km?)
Period Year
Water Agriculture Forest Grass
Baseline 2008 9 135 171 17
2020 10 (+11.1%) 35 (+20.7%) 126 (-6.7%) 175 (+2.3%) 15 (-11.8%)
Prediction 2030 10 (+11.1%) 42 (+44.8%) 118 (-12.6%) 176 (+2.9%) 15 (-11.8%)
2040 10 (+11.1%) 44 (+51.7%) 114 (-15.6%) 177 (+3.5%) 16 (-5.9%)
2050 10 (+11.1%) 46 (+58.6%) 102 (-17.8%) 178 (+4.1%) 16 (-5.9%)
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Fig. 4. Future land use change prediction results

Table 3. Validation of regression equation based on land use data at 2013

Water Urban Agriculture Forest Grass Total
Obs | Sim | Err. | Obs | Sim | Err. | Obs | Sim | Err. | Obs | Sim | Err. | Obs | Sim | Err. | Obs | Sim | Err.
(km?) | (km®) | (%) | (km®) | (km®) | (%) | (km®) | (km®) | (%) | (km®) | (km®) | (%) | (km®) | (km®) | (%) | (km®) | (km®) | (%)
10.0 | 10.0 | 0.0 | 32.0 | 35.0 | 8.6 |129.0|128.0| 0.8 |173.0|175.0| 1.1 17.0 | 16.0 | 6.3 |361.0|364.0| 0.8
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Table 4. Summary of calibration and validation results
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o PCP Runoff (mm) Runoff ratio (%) e RMSE NSE

(mm) Observed | Simulated | Observed | Simulated (mm/day) Q* InQ **
2002 1,146.4 555.0 663.5 48.4 57.9 0.96 1.99 0.96 0.51
2003 1,522.9 857.8 948.5 56.3 62.3 0.83 2.59 0.96 0.86
2004 1,168.7 635.2 723.3 54.4 61.9 0.73 0.12 0.94 0.90
2005 1,362.5 690.9 686.4 50.7 50.4 0.87 0.24 0.98 0.91
2006 1,008.4 647.8 695.5 64.2 69.0 0.81 0.63 0.82 0.88
2007 1,437.9 630.9 781.7 43.9 54.4 0.62 7.89 0.95 0.64
2008 1,118.8 428.5 511.6 38.3 45.7 0.67 4.35 0.92 0.79
2009 1,291.1 338.5 566.6 26.2 43.9 0.81 11.94 0.44 0.80
2010 1,426.0 653.8 721.7 45.8 50.6 0.40 3.55 0.49 0.75
2011 1,927.3 1,285.5 1,230.0 66.7 63.8 0.74 2.91 0.81 0.75
2012 1,548.8 737.1 835.1 47.6 53.9 0.71 5.12 0.97 0.73
2013 1,193.4 663.8 633.5 55.6 53.1 0.40 1.59 0.90 0.71
2014 997.9 375.2 362.7 37.6 36.3 0.73 0.66 0.97 0.88
2015 514.4 201.5 169.4 39.2 32.9 0.44 1.94 0.86 0.58
2016 998.2 519.4 583.6 52.0 58.5 0.49 3.91 0.62 0.54
Avg. 1,277.2 621.1 664.7 47.5 50.8 0.67 4.19 0.84 0.75

*NSEq, **NSElInq (inverse discharge)
Table 5. Summary of future predicted hydrological components by climate change scenario
Scenarios PCP E SW SQ RF LAT TQ

mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%)
Baseline (1976-2005) 1,267.3 603.2 93.2 115.9 150.7 334.4 601.0
20305 1,195.4 685.7 52.7 101.9 73.2 280.8 455.8

RCP 4.5 (-5.7) (+13.7) (-43.4) (-12.1) (-51.4) (-16.0) (-24.2)
20505 1,501.6 777.6 71.7 141.9 140.7 384.0 666.6

(+18.5) (+28.9) (-23.0) (+22.4) (-6.6) (+14.8) (+10.9)
20305 1,264.4 712.9 61.3 113.4 92.6 301.7 507.6

RCP 8.5 (-0.2) (+18.2) (-34.2) (-2.2) (-38.6) (-9.8) (-15.5)
20505 1,349.8 742.4 63.2 107.0 110.4 339.1 556.5
(+6.5) (+23.1) (-32.2) (-7.7) (-28.7) (+1.4) (-7.4)

PCP: Precipitation, ET: Evapotranspiration, SW: Soil Water, SQ: Surface Runoff, RF: Return Flow, LAT: Lateral flow, TQ: Total Runoft

Table 6. Summary of future predicted hydrological components by climate change and land use change scenarios

Scenarios PCP ET SW SQ RF LAT TQ
mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%)
Baseline (1976-2005) 1,267.3 603.2 93.2 115.9 150.7 334.4 601.0
2030s 1,195.4 658.6 69.8 172.6 39.6 299.1 511.2
RCP 4.5 (-5.7) (+9.2) (-25.1) (+48.9) (-73.8) (-10.6) (-14.9)
20505 1,501.6 748.5 95.2 245.7 75.8 396.6 718.1
(+18.5) (+24.1) (+2.1) (+111.9) (-49.7) (+18.6) (+19.5)
20305 1,264.4 685.4 81.0 189.0 50.5 319.6 559.2
RCP 8.5 (-0.2) (+13.6) (-13.0) (+63.1) (-66.5) (-4.4) (-7.0)
2050s 1,349.8 715.4 86.1 192.4 59.8 356.4 608.6
(+6.5) (+18.6) (-7.6) (+66.0) (-60.3) (+6.6) (+1.3)

PCP: Precipitation, ET: Evapotranspiration, SW:

Soil Water, SQ: Surface Runoff, RF: Return Flow, LAT: Lateral flow, TQ: Total Runoff
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Fig. 5. Summary of future land use change by standard watershed unit
Table 7. Summary of future predicted hydrological components by climate change scenario in basin 2
. PCP ET SW SQ RF LAT TQ
Scenarios
mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%)
Baseline (1976-2005) 1,252.4 570.3 132.3 30.4 169.9 442.2 641.6
2030s 1,225.7 618.8 60.0 44.0 127.8 404.5 576.3
-2.1 +8.5 -54.7 +44.7 -24.4 -8.5 -10.2
RCP 4.5 (-2.1) (+8.5) (-54.7) ( ) (-24.4) (-8.5) (-10.2)
2050s 1,490.7 713.6 95.7 46.5 188.4 521.3 756.2
(+19.0) (+25.1) (-27.7) (+52.9) (+11.5) (+17.9) (+17.9)
2030s 1,259.9 648.3 73.3 343 145.1 417.0 596.4
RCP .5 (+0.6) (+13.7) (-44.6) (+12.8) (-14.1) (-5.7) (-7.0)
' 2050s 1,313.1 672.7 72.3 273 154.4 441.0 622.7
(+4.8) (+17.9) (-45.4) (-10.2) (-8.6) (-0.3) (-2.9)

PCP: Precipitation, ET: Evapotranspiration, SW:

Soil Water, SQ: Surface Runoff, RF: Return Flow, LAT: Lateral flow, TQ: Total Runoff
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Table 8. Summary of future predicted hydrological components by climate change and land use change scenarios in basin 2
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Scenarios PCP ET SW SQ RF LAT TQ
mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%) mm, (%)
Baseline (1976-2005) 1,252.4 570.3 132.3 30.4 169.9 4422 641.6
20305 1,225.7 557.3 43.6 139.8 92.6 405.1 637.5
-2.1 2.3 -67.1 +359.9 -45.2 -8.4 -0.6
RCP 4.5 (-2.1) (-2.3) ( ) ( ) ( ) (-8.4) (-0.6)
20505 1,490.7 646.6 67.2 165.4 145.8 507.7 819.0
(+19.0) (+13.4) (-49.2) (+444.2) (-13.7) (+14.8) (+27.6)
20305 1,259.9 583.0 50.3 127.0 108.0 421.1 656.1
RCP 8.5 (+0.6) (+2.2) (-62.0) (+317.7) (-36.1) (-4.8) (+2.3)
’ 20505 1,313.1 602.7 52.0 116.8 123.0 4443 684.1
(+4.8) (+5.7) (-60.7) (+284.3) (-27.2) (+0.5) (+6.6)

PCP: Precipitation, ET: Evapotranspiration, SW: Soil Water, SQ: Surface Runoff, RF: Return Flow, LAT: Lateral flow, TQ: Total Runoff
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