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Impact of Climate Change on Runoff in Namgang Dam Watershed
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Abstract

Climate change can impact hydrologic processes of a watershed system. The integrated modeling
systems need to be built to predict and analyze the possible impacts of climate change on water environ—
ment for the optimal water resource operation and management. In this study, Namgang Dam watershed
in the Nakdong River basin was selected as a study area. To evaluate the vulnerability of Namgang Dam
watershed caused by climate change, the change in hydrologic runoff were predicted using the watershed
model, SWAT. The RCM scenario was analyzed and downscaled using the artificial neural network and
the dynamic quantile mapping. The results of this study will be utilized for suggesting an effective
counterplan for climate change, and finally to propose the optimal water resource management method.
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Fig. 2. Conceptual Diagram of Three—layer
Neural Network Model
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Fig. 3. Construction of Watershed Characteristics in Namgang Dam
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Table 1. Trend Analysis of Prediction Parameters
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8

Season Classification 2011 yr 2100 yr Diff
Precipitation Dry season 419 379 -4.0 (-9.6%)
(mm/month) Wet season 2374 325.8 88.4 (37.2%)
Dry season 62.8 67.0 4.2 (6.7%)
Humidity (%)
Wet season 725 79.2 6.7 (9.2%)
Maximum Dry season 13.2 159 2.7
Temperature (C) Wet season 27.1 29.0 19
Minimum Dry season 0.1 2.5 2.4
Temperature (C) Wet season 17.0 20.0 3.0
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Table 2. List of Adjusted Hydrologic Parameters of SWAT

Input Parameter Definition : Range
file min. max.
ALPHA_BF Baseflow recession constant 0 1
GW_DELAY Delay time for aquifer recharge -10 10
* W GW_REVAP Revap coefficient -0.036 0.036
GWQMN Threshold water level in shallow aquifer for base flow -1000 1000
REVAPMN Threshold water level in shallow aquifer for revap -100 100
EPCO Plant uptake compensation factor 0 1
hru ESCO Soil evaporation compensation coefficient 0 1
SLSUBBSN Average slope length -25 25
.mgt CN2 SCS runoff curve number =25 25
rte CH_K2 Effective hydraulic conductivity of channel 0 150
’ CH_N Manning coefficient for channel 0 1
<ol SOL_AWC Availabel water capacity of the soil layer -25 25
) SOL_K Saturated hydraulic conductivity -25 25
& ulage) 44 Wels gela Ao, AAGFE 2 molgtha Aokd vl gk may B
o

239 A3Add} JAds ddsh] s 54
= AH A %(determination coefficient, R%)<} 3741
@ ZHroot mean square error, RMSE), =39 €84 7
%2 Nash and Sutcliffe (1970)7} A|eks &

TF(NSE)E A8l tHTable 3).

A-BAAI wZE Byo] A3y Ay w4
7H= Table 4~59F 2t} Green et al. (2006)2 R7} 05
o]’do] a1 NSE7} 04 ©14d, Chung et al. (1999)& R*7} 05
o]}, Ramanarayanan et al. (1997)3} Santhi et al. (2001a,
2001b)2 R*7} 0.6 ©]4Fo]at NSEZF 05 o] 4ol sl xdo]

451 6%k 20124F 6]

Mo
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Ao g FHAARNE wAA o R At A R
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Table 3. Hydrological Evaluation Indices

Definition Reference Comments
S0~ r) | _
NSE=1- ) Nash and Sutcliffe (1970) The optimal statical value occurs when
30~ 0) the value does reach 1.

The optimal statical value occurs when

i=1

R’= 2(0’7 B Legates and McCabe (1999) the value does reach 1.
i=1
RMSE— Li[ P—0)? Romanowicz et al. (2005) The optimal statical value occurs when
" the value does reach 0.

0,=observed value, P,=simulated value, O=mean observed value, n=number of the data.
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Fig. 9. Runoff Result of Namgang Dam Gauging Station
Table 4. Hydrologic Statistical Results in Sancheong Gauging Station
o Discharge (mm) Runoff Ratio (%)
Year Precipitation ® R? RMSE NSE
(mm) Obs Sim Obs Sim (mm/day)
Calibration
2003 2,006.8 1,402.8 1,570.3 69.9 78.2 0.79 3.99 0.78
2004 1,702.9 956.5 1,185.8 56.2 69.6 0.71 3.57 0.66
2005 1,268.4 695.8 856.4 54.9 67.5 0.73 2.18 0.71
2006 1,575.7 1,043.8 1,075.1 66.2 68.2 0.81 3.68 0.78
Average 1,638.5 1,024.7 1,171.9 61.8 70.9 0.76 3.36 0.73
Validation
2007 1,708.1 1,247.8 1,306.4 73.0 76.5 0.76 4.04 0.62
2008 795.3 518.7 492.8 65.2 62.0 0.60 1.44 0.48
2009 1,757.3 677.2 766.6 385 43.6 0.82 1.91 0.73
2010 1,570.1 1,201.5 1,355.1 76.5 86.3 0.70 4.43 0.69
Average 1,457.7 911.3 980.2 63.3 67.1 0.72 2.96 0.63
454 FE6YE 20129 64
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Table 5. Hydrologic Statistical Results in Namgang Dam Station

Vear Precipitation Discharge (mm) Runoff Ratio (%) g2 RMSE NSE
(mm) Obs Sim Obs Sim (mmy/day)
Calibration
2003 2,006.8 18143 | 16160 90.4 80.5 0.64 753 0.61
2004 1,702.9 1,1888 | 13035 69.8 76.5 0.72 4.85 0.71
2005 1,268.4 689.3 9155 54.3 72.2 0.76 2.24 0.74
2006 1,575.7 1,1363 | 1,2096 72.1 76.8 0.89 5.38 0.77
Average 1,6385 1207.2 | 12612 717 765 0.75 5.00 0.71
Validation
2007 1,708.1 1377.2 | 1,369.7 80.6 80.2 0.75 6.41 0.56
2008 795.3 350.5 518.4 441 65.2 0.79 1.24 0.80
2009 1,757.3 637.4 871.1 36.3 496 0.81 2.69 0.79
2010 1,570.1 14886 | 1,560.6 94.8 99.4 0.67 7.02 0.62
Average 1,457.7 9634 | 1,080.0 64.0 73.6 0.76 434 0.69
07602 Ztz} BEAEQL) =3k A4 RA7ZE 5ok 7Vt FEB A A vER o) 53] o] E- e | {9l wo]
RMSE: 77} 500 mm/day, 434 mm/day = 24 =k 2100002 242 Z7lehs A4S Mol Zlo g
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stek vlel /1Sl WE FRadel waks Rl vd JAEE BAska SWAT RS o gstel v
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Table 6. Monthly Change of Dam-inflow for Climate Change Scenario
Mot 1(?3935;?23 2011~2040 2041 ~2070 2071 ~2100
Inflow (m%/s) |Inflow (m%/s) |Change (%) | Inflow (m®/s) | Change (%) |Inflow (m®/s) | Change (%)
12 532 627 +17.8 659 +23.8 941 +76.8
Winter | 1 406 575 +41.5 653 +60.7 769 +89.4
2 589 590 0.0 680 +15.3 671 +13.9
3 985 793 -19.5 812 -17.6 628 -36.2
Spring | 4 1,472 1,424 -3.3 1,284 -12.8 1,074 -217.0
5 1,997 1,562 -21.8 1,707 -145 1,945 -2.6
6 3,013 3,273 +8.6 3,570 +185 4,173 +38.5
Summer| 7 6,919 7,718 +11.5 8,640 +24.9 9,430 +36.3
8 6,851 8,789 +28.3 10,017 +46.2 11,170 +63.0
9 4,885 3,903 -20.1 4,886 0.0 6,076 +24.4
Autumn | 10 1,504 1,403 -6.7 1,779 +18.3 2,139 +42.2
11 778 833 +7.1 895 +15.1 1,044 +34.3
Annual 29,931 31,488 +5.2 35,582 +18.9 40,061 +33.8
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