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Estimation of Inflow into Namgang Dam according to Climate Change using SWAT Model
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Abstract

The objective of this study was to estimate the climate change impact on inflow to Namgang Dam using SWAT (Soil and Water Assessment Tool) model.
The SWAT model was calibrated and validated using observed flow data from 2003 to 2014 for the study watershed. The R? (Determination Coefficient),
RMSE (Root Mean Square Error), NSE (Nash-Sutcliffe efficiency coefficient), and RMAE (Relative Mean Absolute Error) were used to evaluate the
model performance. Calibration results showed that the annual mean inflow were within +5 % error compared to the observed. R” were ranged 0.61~0.87,
RMSE were 1.37~7.00 mm/day, NSE were 0.47~0.83, and RMAE were 0.25~0.73 mm/day for daily runoff, respectively. Climate change scenarios were
obtained from the HadGEM3-RA. The quantile mapping method was adopted to correct bias that is inherent in the climate change scenarios. Based on
the climate change scenarios, calibrated SWAT model simulates the future inflow and evapotranspiration for the study watershed. The expected future
inflow to Namgang dam using RCP 4.5 is increasing by 4.8 % and RCP 8.5 is increasing by 19.0 %, respectively. The expected future evapotranspiration
for Namgang dam watershed using RCP 4.5 is decreasing by 6.7 % and RCP 8.5 is decreasing by 0.7 %, respectively.
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Fig. 1 Location and stream network of Namgang dam watershed
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Fig. 2 DEM, land cover, and soil texture map for the Namgang dam watershed

Table 1 Annual mean rainfall and inflow to Namgang dam from

2003 to 2014
Year Rainfall (mm) e G
Inflow (mm) Inflow rate (%)

2003 1,935 1,810 93,5

2004 1,886 1,186 62.9

2005 1,313 688 52.4

2006 1,685 1,133 67.3

2007 1,776 1,374 77.4

2008 786 350 445

2009 1,169 636 54.4

2010 2,190 1,474 67.3

2011 2,013 1,388 69.0

2012 1,014 1,270 66.3

2013 1,254 710 56.7

2014 1,539 862 56.0

Mean 1,622 1,073 64.0
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(Relative Mean Absolute Error, RMAE)E AR&-3}%i T} mm/day, NSE 0.73, RMAE 0.47 mm/day 2 UEM}TE A=
Table 2 List of runoff parameters of SWAT model
Class Parameter Definition v RangeMaX Ceil:;?l:ztsed
ESCO Soil evaporation compensation coefficient 0 1 1
(ﬁhl:itj) EPCO Plant uptake compensation factor 0 1 0.1
CANMAX Maximum canopy storage 0 100 100
Gw_Delay Delay time for aquifer recharge 0 500 31
Ground Alpha_Bf Baseflow recession constant 0 1 0.98
water Gwgmin Threshold water level in shallow aquifer for base flow 0 5,000 2000
(.gw) Gw_Revap Revap coefficient 002 | 02 0.02
Revapmn Threshold water level in shallow aquifer for revap 0 500 100
Marzfggse”t Cn2 SCS runoff curve number 3B | o8 65
EVLAI Leaf area index at which no evaporation occurs from water surface 0 10 0.1
General data .
(bsn) CNOFF Plant ET curve number coefficient 0.5 2 2
SURLAG Surface runoff lag time 0.05 24 0.2
Table 3 Calibrated and validated results for the study watershed
Observed data Simulated data
Year Rainfal Inflow Inflow rate Inflow Inflow rate R RMSE NSE RMAE
(mm) (mm/day) (mm/day)
(mm) (%) (mm) (%)
Calibration
2003 1,935 1,809.7 935 1,408.4 72.8 0.80 6.15 0.74 0.70
2004 1,886 1,185.7 62.9 1,373.5 72.8 0.81 4,06 0.80 0.46
2005 1,313 687.5 52.4 8717 66.8 0.61 325 0.47 0.39
2006 1,685 1,133.4 67.3 1,1781 69.9 0.87 4,59 0.83 0.51
2007 1,776 1,373.7 774 1,351.0 761 0.81 5728 0.78 0.51
2008 786 349.6 445 569.5 725 0.77 1.37 0.78 0.25
Mean 1,563 1,089.9 66.3 1,126.4 7.8 0.78 412 0.73 0.47
Validation
2009 1,169 635.8 54.4 758.3 64.9 0.87 263 0.80 0.34
2010 2,190 1,473.8 67.3 1,615.5 73.8 0.71 6.15 0.7 0.66
2011 2,013 1,388.2 69.0 1,510.5 75.0 0.76 7.00 0.75 0.73
2012 1,914 1,269.6 66.3 1,378.3 72.0 0.80 573 0.78 0.55
2013 1,254 710.3 56.7 763.9 60.9 0.83 217 0.83 0.28
2014 1,539 861.7 56.0 1,067.9 69.4 0.81 3N 0.80 0.41
Mean 1,680 1,056.6 61.6 1,182.4 69.3 0.80 4.47 0.78 0.50
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Fig. 4 Estimated future annual mean precipitation, temperature, wind speed, and humidity by RCP scenarios for Sancheong station

Table 4 Estimated future annual mean precipitation, temperature, wind speed, and humidity by RCP scenarios from 2020s to 2090s for

Sancheong station

Precipitation Temperature max Temperature min Wind speed Humidity
Period (mm) (°C) (°C) (m/s) (%)
RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
( 18;)52’585) 1,675 19.2 7.4 1.395 67.2
2020s 1,646 1,893 20.2 211 7.9 87 1.372 1.402 68.2 68.0
2030s 1,341 1,735 20.8 214 8.7 9.0 1.392 1.422 66.6 67.8
2040s 1,589 1,612 20.9 21.9 8.7 95 1.468 1.377 67.6 66.9
2050s 1,683 1,984 217 223 9.5 10.0 1.404 1.456 66.3 66.1
2060s 1,739 1,863 221 228 9.9 10.5 1.410 1.367 66.7 65.7
2070s 1,673 1,715 217 23.3 9.4 10.9 1.348 1.344 67.6 66.7
2080s 1,594 1,844 22.0 23.5 9.8 1.3 1.378 1.329 67.1 66.4
2090s 1,344 1,908 224 240 10.2 1.8 1.338 1.424 65.5 66.9
mean 1,576 1,819 21.5 225 93 10.2 1.389 1.390 67.0 66.8
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Table 5 Estimated future annual mean precipitation, inflow and evapotranspiration by RCP scenarios in Namgang dam watershed

Period Precipitation (mm) (%) Dam inflow (mm) (*%) Evapotranspiration (mm) (%)
erio
RCP45 | RCP85 RCP45 | RcP8S RCP45 | RCP85
Observed 1,575 1,073 773
20208 1,646 1,893 1,210 1,352 678 719
(+4.5) (+20.2) (+12.8) (+26.0) (-12.3) (-6.9)
20308 1,341 1,735 905 1213 693 732
(—14.8) (+10.2) (-15.6) (+13.0) (-10.4) (-5.3)
2040S 1,589 1612 1116 1,083 706 739
(+0.9) (+2.4) (+4.0) (+0.9) (-8.7) (-4.3)
20505 1,683 1,984 1218 1,446 739 783
(+6.8) (+25.9) (+13.5) (+34.7) (-4.4) (+1.4)
2060s 1,739 1,863 1,291 1,303 750 787
(+10.4) (+18.3) (+20.3) (+21.4) (-2.9) (+1.9)
2070s 1,673 1,715 1,232 1,189 729 763
(+6.2) (+8.9) (+14.8) (+10.8) (=5.7) (-1.2)
2080s 1,594 1,844 1,105 1,287 739 799
(+1.2) (+H17.1) (+3.0) (+19.9) (—4.4) (+3.4)
20905 1,344 1,908 923 1,342 736 815
(—14.6) (+21.2) (—14.0) (+25.0) (-4.8) (+5.5)
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(b) Monthly evapotranspiration by RCP 4.5 (left) and 8.5 (right) scenarios

Fig. 5 Comparison between observed and estimated future 10—year average for (a) inflow and (b) evapotranspiration by RCP scenarios
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SWAT =&

0|25t 7|SH50| ME Lzt 9ok XX

7} et (Park et al., 2009; Park et al., 2014). whebA] ARESFAL
2} 5= 22 of| Hglsh= AL 2 7534 Qlojof 3, 1]
ARg e 2 v 719AR] 28 A S Bk
o] 2% Avke] A% =& i3t Lied Zo]ch (Cho et
al., 2015). T3} & QM= FA5dE A NG = &
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31 S EREAL Aaskelth @Al EA,

L2 el EX|o]g Rlgp} AehE Al glom, o] whE &
% Y BESRAT] S8 e FAlol . mEkA 715

S BA317] 918) B0l gm0 ek
okgr = 912 Aolet.

REFERENCES

1. Ahn, S.R., G. A. Park, C. H. Jang, and S. J. Kim, 2013. Assessment
of climate change impact on evapotranspiration and soil moisture
in a mixed forest catchment using spatially calibrated SWAT
model. Journal of the Korean Water Resources Association
46(6): 569-583 (in Korean).

2. Cho, J. P, S. W. Hwang, G. D. Go, K. Y. Kim, and J. D. Kim,
2015. Assessing the climate change impacts on agricultural
reservoirs using the SWAT model and CMIP5 GCMs. Journal
of the Korean Society of Agricultural Engineers 57(5): 1-12 (in
Korean).

3. Hashino, T., A. A. Bradley, and S. S. Schwartz, 2007. Evaluation
of bias-correction methods for ensemble streamflow volume
forecasts. Hydrology and Earth System Sciences Discussions
11: 939-950.

4. Hwang, S. W., Y. G. Her, and S. W. Jang, 2013. Uncertainty in
regional climate change impact assessment using bias-correction
technique for future climate scenarios. Journal of the Korean
Society of Agricultural Engineers 55(4): 95-106 (in Korean).

5. Jang, S. S., S. R. Ahn, H. K. Joh, and S. J. Kim, 2015. Assess-
ment of climate change impact on Imha-dam watershed hydrologic
cycle under RCP scenarios. Journal of the Korean Association
of Geographic Information Studies 18(1): 156-169 (in Korean).

6. IPCC, 2013. Summary for policymakers in: Climate change
2013: The physical science basis. contribution of working group I
to the fifth assessment report of the intergorvernmental panel
on climate change [Stocker, T.F., D. Qin, G.-K. Plattner, M,
Tignor, S. K. Allen, J. Boschung, A, A. Nauels, Y. Xia, V. Bex
and P. M. Midgley (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and Newyork, NY, USA.

7. Kim, D. H. and S. M. Kim, 2016. Evaluation of SWAT model
applicability for runoff estimation in Nam river dam watershed.

18 « Journal of the Korean Society of Agricultural Engineers, 59(6), 2017, 11

11.

13.

14.

15.

17.

18.
19.

Journal of the Korean Society of Agricultural Engineers 58(4):
9-19 (in Korean).

. Kim, H. N,, E. R. Lee, S. U. Kang, and H. G. Choi, 2015.

Long-term natural flow prediction based on RCP climate change
scenarios. Korean Review of Crisis and Emergency Management
11(5): 151-166 (in Korean).

. Kim, J. J. and J. H. Ryu, 2013. GCMs-driven snow depth and

hydrological simulation for 2018 Pyeongchang winter olympics.
Journal of the Korean Water Resources Association 46(3):
229-243 (in Korean).

. Korea Meteorological Administration (KMA), 2016. Available

at: www.kma.go.kr.

Kwon, J. W. and B. S. Kang, 2008. Downscaling GCM climate
change output using quantile mapping and artificial neural
network. Proceeding of the KSCE conference & Civil Expo
2008 10: 1603-1606 (in Korean).

. Lee,J. M., Y. D. Kim, B. S. Kang, and H. S. Yi, 2012. Impact of

climate change on runoff in namgang dam watershed. Journal
of the Korean Water Resources Association 45(6): 517-529 (in
Korean).

Moon, S.J.,J.J. Kim, and B. S. Kang, 2013. Bias correction for
GCM long-term prediction using nonstationary quantile mapping.
Journal of the Korean Water Resources Association 46(8):
833-842 (in Korean).

Neitsch, S. L., J. G. Arnold, J. R. Kiniry, and J. R. Williams
Grassland, 2009. Soil and water assessment tool theoretical
documentation version 2009. Soil and Water Research Laboratory
— Agricultural Research Service Blackland Research Center —
Texas AgriLife Research.

Park, J. H., M. S. Kang, and . H. Song, 2012. Bias correction of
RCP-based future extreme precipitation using a quantile mapping
method; For 20-wether stations of South Korea. Journal of the
Korean Society of Agricultural Engineers 54(6): 133-142 (in

Korean).

. Park,J. Y., H. Jung, C. H. Jang, and S. J. Kim, 2014. Assessing

climate change impact on hydrological components of Yongdam
dam watershed using RCP emission scenarios and SWAT model.
Journal of the Korean Society of Agricultural Engineers 56(3):
19-29 (in Korean).

Park, J. Y., M. J. Park, S. R. Ahn, and S. J. Kim, 2009. Watershed
modeling for assessing climate change impact on stream water
quality of Chungju dam watershed. Journal of the Korean
Water Resources Association 42(10): 877-889 (in Korean).
Soil and Water Assessment tool, 2016. Available at: swat.tamu.edu
Water Resources Management Information System (Wamis),

2016. Available at: www.wamis.go.kr.



