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Abstract

In the study, the water shortage of Boryeong Dam watershed (163.6 km?) was evaluated under future climate change scenario. The Soil
and Water Assessment Tool (SWAT) was used considering future dam release derived from multiple linear regression (MLR) analysis.
The SWAT was calibrated and verified by using daily observed dam inflow and storage for 12 years (2005 to 2016) with average
Nash-Sutcliffe efficiency of 0.59 and 0.91 respectively. The monthly dam release by 12 years MLR showed coefficient of determination
(R?) of above 0.57. Among the 27 RCP 4.5 scenarios and 26 RCP 8.5 scenarios of GCM (General Circulation Model), the RCP 8.5
BCC-CSM1-1-M scenario was selected as future extreme drought scenario by analyzing SPI severity, duration, and the longest dry
period. The scenario showed —23.6% change of yearly dam storage, and big changes of —34.0% and —24.1% for spring and winter
dam storage during 2037~2047 period comparing with 2007~2016 period. Based on Runs theory of analyzing severity and magnitude,
the future frequency of 5 to 10 years increased from 3 in 2007~2016 to 5 in 2037~2046 period. When considering the future shortened
water shortage return period and the big decreases of winter and spring dam storage, a new dam operation rule from autumn is necessary
for future possible water shortage condition.
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(c) Land use map

Fig. 3. GIS Data for SWAT model
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Parameters | Range | Adjusted value
M=S5/D ®) Surface runoff
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LAT TIME 0to 180
= A 717kl whet Fste] siA5HH 2 ¥, Gumbel ZHE-2 =
Groundwater
PS5 AHESHAL, Anderson Darling, Kolmogorov-Smirnov GW DELAY 010 500 100
(K-8) 474 52 &l 22 A= St ALPHA_BF 0to 1 0.6
Reservoir
RES_ESA - 690
3. 7E-'|Il_|. I:lil _Tl_;- RES EVOL - 11335.5
RES PSA - 672
3.1 l:|-| o % E;I 5t SWATE°*°| 2. E;g RES PVOL - 10693.3
Table 24 - 0] £ 20| o a: gk vehdl AL : =72
FO|o], Tables 3 and 4= B3] B4 9 2 AT} SAZLS o o -
Table 3. Results of SWAT model calibration and validation for dam inflow
S Precipitation Dam Inflow (mn{l) Dam Inflow rate (.%) o RMSE .
(mm) Obs. Sim. Obs. Sim. (mm/day)
2005 1,628.3 1,096.2 983.1 67.3 60.4 0.83 2.04 0.62
2006 1,105 674.1 656.9 61.0 59.4 0.85 0.96 0.53
2007 1,510.7 907.8 1,006.3 60.1 66.6 0.73 1.93 0.53
2008 919.6 374.5 614.4 40.7 66.8 0.87 2.75 0.71
2009 1,233.4 575.9 791.4 46.7 64.2 0.75 2.64 0.55
2010 1,486.8 984.6 1,263.0 66.2 84.9 0.68 2.92 0.18
2011 1,971.6 1,517.7 1,535.8 77.0 77.9 0.87 0.98 0.73
2012 1,588.6 881.6 1,025.1 55.5 64.5 0.91 2.24 0.83
2013 1,338.6 663.2 1,128.2 49.5 84.3 0.84 3.59 0.68
2014 1,089.1 501.9 717.2 46.1 65.9 0.83 2.64 0.63
2015 1,022.8 400.3 526.0 39.1 51.4 0.81 2.12 0.59
2016 1,086.5 503.3 550.4 46.3 50.7 0.86 1.43 0.70
2017 989.4 534.3 557.2 54.0 56.3 0.79 1.07 0.42
AVG 1,262.07 700.28 784.47 53.75 61.25 0.82 2.10 0.59

R? : Coefficient of determination

NSE : Nash and Sutcliffe model efficiency

RMSE : Root Mean Square Error
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Table 4. Results of SWAT model calibration and validation for dam storage
- Dam storage (10°m’ Dam storage rate (%
Year Precipitation ge ( : ) g ( 0) R IG{M3SE NSE
(mm) Obs. Sim. Obs. Sim. (10°m’/day)
2005 1,628.3 65.4 63.3 4.0 3.9 0.85 0.41 0.98
2006 1,105 53.7 52.4 49 4.7 0.60 0.34 0.98
2007 1,510.7 51.0 50.9 3.4 3.4 0.99 0.09 0.99
2008 919.6 62.5 68.3 6.8 7.4 0.99 0.62 0.99
2009 1,233.4 42.7 56.0 3.5 4.5 0.94 0.86 0.89
2010 1,486.8 64.2 88.3 43 5.9 0.95 1.10 0.86
2011 1,971.6 69.9 74.2 3.5 3.8 0.81 0.55 0.90
2012 1,588.6 58.8 61.1 3.7 3.8 0.99 0.43 0.99
2013 1,338.6 76.6 74.7 5.7 5.6 0.89 0.40 1.00
2014 1,089.1 50.3 55.3 4.6 5.1 0.94 0.58 0.98
2015 1,022.8 37.7 42.1 3.7 4.1 0.88 0.56 0.97
2016 1,086.5 36.5 454 3.4 4.2 0.89 0.74 0.65
2017 989.4 25.6 34.8 2.6 3.5 0.99 0.75 0.68
AVG 1,262.07 50.54 54.05 4.04 4.36 0.90 0.57 0.91
R? : Coefficient of determination
NSE : Nash and Sutcliffe model efficiency
RMSE : Root Mean Square Error
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Table 5. Multiple linear regression analysis results

month 1 2 3 4 5 6
8.67E-05 0.003786 0.006962 0.000882 0.000509 0.000229
pep (0.994) (0.464) (0.149) (0.825) (0.955) (0.963)
bin 0.143248 0.034508 -0.2027 0.041779 -0.18782 -0.22642
P (0.026) (0.542) (0.001) (0.477) (0.355) (0.081)
o or 0.051108 0.05687 0.05793 0.064774 0.074406 0.083391
storage (8.73E-267) (4.503E-248) (6.588E-226) (1.428E-188) (6.280E-68) (8.011E-123)
Cow 0.071528 0.001969 0.011472 -0.01756 0.046154 0.004878
(0.082) (0.878) (0.452) (0.045) (0.002) (0.572)
o -0.41955 -0.43429 -0.28378 -0.18422 0.166 0.039211
- (7.715E-11) (2.391E-18) (1.072E-07) (0.003) (0.357) (0.738)
R 0.98 0.98 0.97 0.97 0.84 0.92
month 7 8 9 10 1 12
. 0.024391 -0.16451 0.072566 -0.03573 -0.00068 -0.00506
pep (0.574) (0.0002) (0.008) (0.030) (0.847) (0.350)
bin -3.36807 0.091712 0.668881 0.187445 0.007683 0.064485
P (0.040) (0.941) (0.381) (0.549) (0.841) (0.079)
o orase 0.080352 0.054399 0.03971 0.038432 0.042312 0.047005
g (0.132) (0.042) (4.162E-06) (13422E-43) | (2.741E-281) | (8.237E-293)
Cow 0.506205 0.616625 0.208253 0.466362 -0.08956 -0.06811
(4.041E-40) (7.643E-47) (7.624E-14) (2.698E-23) (6.514E-10) (3.135E-06)
b -2.69637 -1.68663 0.156315 -0.64031 -0.00294 -0.18038
- (0.349) (0.348) (0.827) (0.005) (0.940) (1.611E-05)
R’ 0.57 0.57 0.54 0.70 0.98 0.98

C : Coefficient
pep : Precipitation,

p_bin : Precipitation weighting term
i_bin : Inflow weighting term
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Fig. 7. Monthly data of precipitation and storage for future periods

Table 6.Storage and Precipitation data for standard period and future periods

Precipitation (mn1) Storage (10°m’)
Season
S0 Sl s2 S3 S0 st s2 s3
1,149.7 1,338.7 1,176.7 56.4 523 488
Total 1,324.8 (-13.2%) (+1.0%) (-11.2%) 63.9 (-11.6%) (-18.1%) (-23.6%)
192.8 205.7 175.1 493 429 342
' 251.9 51.9
Spring (-23.5%) (-18.3%) (-30.5%) (-5.0%) (-17.3%) (-34.0%)
573.7 700.6 658.6 48.0 50.3 447
97. 0.
Summer 6976 (-17.8%) (+0.4%) (-5.6%) 60.3 (-20.4%) (-16.5%) (-25.9%)
306.1 337.7 255.2 67.1 63.1 66.7
A 275. 9
utumn 756 (+11.0%) | (+22.5%) (-7.4%) 7 13.9%) | (19.0%) | (-14.5%)
772 94.7 87.8 61.4 52.8 49.6
i . 4
Winter 997 (-22.5%) (-5.0%) (-12.0%) 63 (-6.1%) (-19.2%) (-24.1%)

S0 :2007~2016, S1 : 2017~2026, S2: 2027~2036, S3: 2037~2046

Aere Pelshe 7he A W 2 AV AR Basithn  wale] RE 717kl A S7FSHALL, 2014 71 2 et
ekstoich. B4 $3 28 A9 Asapol thE sfette] ok 7P 5-101 MEO] A BHE A WG 0o

P2 /I AR REE @Ao] ok AS A5Gtk 39, S17Hs2004 491 2] 1 3014 S0 Lhehb, s3ef
A 712712k) 5 1) 7ol A 212 SRS, o]
3.4 0j2f 7| 5510 02 S22 Y} $3 87 7:93%0] 747} Alo]et ek,

26 ol 715l ool 3.2 B0 Hpl
o SOFE S37HA| AMFE R 7|17HD), TR M), A E=(S)E Al

Table 7. Results of runs theory and frequency analysis
AY5YSEE. Table 72 A@717bo] wb2 A2 Lt Eolc}, T o T oo ene Teameneysne

712717¥ S0 (2007~2016)°ﬂ/“] == A== _i__;gg]_o:] Hle 2-year 3-year S-year 10-year
Sl AAletact. 1 A7, 2| H1E9] 79-3721.4 (10° m’ R o§§¥e§t§ay) 3,7214 | 47297 | 58526 | 7,283.7
x day),, 3% H1%=.2] 74-¢-4729.7 (10° m* x day), 59 H1E=2] ” ” o =
739-5852.6 (10° m* < day), 1014 HI%=2] 73-9-7283.7 (10° m? Magnitude
 day),2 AFAE| AT} BRES Wrlele 7|20 2 5-104 (10°m’) 120.0702 | 129.5498 | 147.4532 | 134.1161
QI 0] A B 7] = BRE AVdo] 717 2 Al sh= He 5~10 year frequency drought
g}7]7}HﬂDHZ_4A1E§H]LO} It BEXR = AT =90 S0 S1 S2 S3
Frequency
=120.0702 (10° m?), S1- 7% 129.5498 (10° m®) S2+= 3 4 4 5

147.4532 (10° m®) S3+=134.1161 (10° m*) 2 7|&7]7+} H] S0 : 2007~2016, S1 : 2017~2026, S2: 2027~2036, S3: 2037~2046
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