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Effects of Changes of Climate, Groundwater Withdrawal,
-and Landuse on Total Flow During Dry Period
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Abstract

In this study, the effects of variability in climate, groundwater withdrawal, and landuse on
dry-weather streamflows were investigated by input sensitivity analysis using SWAT (Soil and Water
Assessment Tool). Since only dry-period precipitation and daily average solar radiation among climate
variables have high correlation coefficients to total flow (TF), sensitivity analyses of those were
conducted. Furthermore, an equation was derived from simulation results for 30 years by multiple
regression analysis. It may be used to estimate effects of various climatic variations (precipitation
during the dry period, precipitation during the previous wet period, solar radiation, and maximum
temperature). If daily average maximum temperatures increase, TFs during the dry period will
decrease. Sensitivities of groundwater withdrawal and landuse were also conducted. Similarly,
groundwater withdrawals strongly affect streamflow during the dry period. However, landuse changes
(increasing urbanization) within the forested watershed do not appear to significantly affect TF during
the dry period. Finally, a combined equation was derived that describes the relationship between the
total runoff during the dry period and the climate, groundwater withdrawal and urban area proportion.
The proposed equation will be useful to predict the water availability during the dry period in the
future since it is dependent upon changes of temperature, precipitation, solar radiation, urban area
ratio, and groundwater withdrawal.

keywords : climate change, groundwater withdrawal, landuse, total flow during dry period, input
sensitivity analysis, SWAT
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Fig. 1. Description of Study Area
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(a) 1975

Forest area
Agricullural area

Urban area
industrial area

4 km

(b} 2000

Fig. 2. Landuse Changes of the Study Area
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Fig. 3. Results of Parameter Sensitivity Analysis
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Table 1. Results of Calibratjon and Verification

Category Before calibration After calibration Verification
RMSE (CMS) 0.021 0.018 0.008
RMAE 0.220 0.198 0.364
Efficiency 053 0.63 0.84
£ o ' g o T ,
= Ll I I E, r
a5 £
& 2 3
0.3 — — - - — Observed @ 30
——#&—— Before calibration 03 —
= Aftar

Flowrate(n?/ s)

117104 11/21/04 12/11/04 12/31/04

Date

Fig. 4. Comparison of Pre—calibrated, Calibrated
and Measured Values for Daily Streamflow
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Table 2. Correlation Coefficient Between Dry-weather Total Flow and Climate Variables

Climate variable Correlation coefficient
Precipitation during the previous wet period 0.0618
Daily maximum temperature -0.0742
Relative humidity 0.1363
Daily average wind speed 0.0107
Daily average solar radiation -0.4188
Precipitation during the dry period 0.6570

400

300 ’»

Total Flow (mm)
o
<3

o
o

0 100 200 300 400 500 600 700
Precipitation (mm)

Fig. 6. Sensitivity to the Precipitation During
the Dry Period
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Fig. 7. Sensitivity to the Daily Average
Solar Radiation
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P +10%)9 7% AvEe ARgst B ArdA e
ol& HlF2E Table 33 o] ¢3S 7|9k A &

712 WFAE, BEEAE g AUEeE st
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&3 M 2A e PAE HeE JueeE %
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Fol| A FFE VA= 84E A7) F A U
EAlg A 9] A% o2 Jebdt)

LAEIT AP IR dr1Fe) PPL W
A eEsh Z9BE WHNIZEPCC, 1992),

Table 49} o] FAlo] W3lst= ol e 2=
&)U 252 Q% F g%k ZAZo| o =
BE 7]2°] 3C %5 4% A7) $4FF] 15% T

7RIS Ak 77 & fEFS 2B2% 4TS

4 Ut} Table 42%E 717] 7459 S71= A% A
7 & $EF Zvl= SR ETGE B %E
oA o ZA L3 L7t IUIESFE Aade F
FEFY Fol SIS & F Ak T olfE B 2
oM 99 S iHevapotranspiration) &2 1%
Ed7Fo] U] wiEelth

52 X5t FH=

=0
o

43 EXo]-d AR HF 000doez 1733]-_7_
Aty HTFE AAA F FEF g IEE
4 Fassith felsl A AN

LA FAL 2000, 2004)7¢] WEE 2000030) 2F 4,300
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Table 3. Changes of Total Flow During the Dry Period for Various Climatic Scenarios

Precipitation during the previous wet period
Scenarios 30% 1 20% 1 109% 1 Average 109% | 20% | 30% |
Value (mm) 1009.6 965.7 921.8 8779 834.0 790.1 746.2
TF (mm) 188.2 184.3 180.4 176.8 173.3 170.0 166.9
Ratio 6.49% 4.25% 2.08% 0.00% -1.98% -3.85% -5.60%
Maximum temperature
Scenarios 1T 05T | Average | 05 C 1 1T 2T 3T
Value () 10.80 11.30 11.8 12.30 12.80 13.80 14.80
TF (mm) 187.0 182.4 176.8 170.3 163.1 146.5 127.4
Ratio 5.80% 3.17% 0.00% -3.65% -7.74% -17.13% -27.93%
Solar radiation
Scenarios 15% | 10% | 5% | Average 5% 1 10% 1 15% 1
(MJ;fnallzljday) 12.12 12.83 1354 14.3 1497 1568 - 16.39
TF (mm) 188.0 134.1 180.3 176.8 173.4 170.2 167.1
Ratio 6.38% 4.14% 2.01%% 0.00%% -1.92% -3.74% -5.49%
Precipitation during the dry period
Scenarios 30% 1 20% 1 10% 1* Average 10% 20% | 30% |
Value (mm) 440.4 421.3 402.1 383 363.8 344.7 325.5
TF 214.2 200.6 188.1 176.8 166.8 158.4 151.6
Ratio 21.18% 13.47% 6.39% 0.00% -5.63% -10.41% -14.25%

Table 4. Effect of Variation in Daily Maximum Temperature and Precipitation during the Dry Period on
Total Flow During the Dry Period With Respect to No Change Scenario

Scenarios Maximum temperature
05C 1 1T 1 2C 1 3T 1
15% 1 14.82% 801% ~6.80% 23.02%
Precinitation 10% 1 B.01% 2.11% ~10.89% ~2531%
. 5% 1 1.84% T3.16% T14.36% ~26.97%
e - 3.65% ~774% 17.13% ~27.93%
. 5% | 8.37% 1156% ~19.14% ~28.14%
period 10% = 12.25% T14.54% T2031% ~27.49%
15% | ~15.19% 1657% ~20.54% ~25.91%
930 REAE RS
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Fig. 9. Sensitivity of the Groundwater Withdrawal
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Fig. 10. Simulated Results to Landuses in the
Year of 1975 and 2000

Table 5. Comparison of Simulated Results to Landuses in the Year of 1975 and 2000

Landuse ' 1975 2000 Difference
Urban area ratio 3.0% 17.1% 14.1%
Average total flow 184.0 mm 1775 mm 6.5 mm
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