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Bivariate Drought Frequency Analysis to Evaluate Water Supply
Capacity of Multi-Purpose Dams

ABSTRACT

Water supply safety index plays an important role on assessing the water supply capacity of hydrologic system. Due to the absence of
consistent guidance, however, practical problems have been brought up on data period used for dam design and performance
evaluation. Therefore, this study employed bivariate drought frequency analysis which is able to consider drought severity and duration
simultaneously, in order to evaluate water supply capacity of multi-purpose dams. Drought characteristics were analyzed based on the
probabilistic approach, and water supply capacity of five multi-purpose dams in Korea (Soyang River, Chungju, Andong, Daecheong,
Seomjin River) were evaluated under the specific drought conditions. As a result, it would be possible to have stable water supply with
their own inflow during summer and fall, whereas water shortage would occur even under the 1-year return period drought event during
spring and winter due to low rainfall.
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Table 1. Equations of Archimedean Copula Families

Name Equation
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Table 2. Average Characteristics of Dam Basin (10° m®) (K-water, 2015)
Soyang River Chungju Andong Daecheong Seomjin River
Inflow |Outflow Supply Inflow |Outflow Supply Inflow |Outflow Supply Inflow |Outflow Supply Inflow |Outflow Supply
Plan Plan Plan Plan Plan
Jan | 16.41 | 156.22 | 123.74 | 54.53 | 200.26 | 260.34 | 13.00 | 70.54 | 53.30 | 55.24 | 100.82 | 110.35 | 11.11 13.36 0.00
Feb | 22.23 | 151.52 | 111.77 | 79.10 | 178.89 | 235.15 | 18.53 | 65.17 | 48.14 | 68.48 | 94.70 | 99.67 | 1797 | 13.98 0.00
Mar | 75.83 | 152.72 | 12535 | 192.26 | 211.82 | 260.34 | 41.09 | 61.88 | 53.30 | 111.64 | 119.02 | 110.35 | 27.35 | 15.67 0.00
Apr | 162.89 | 139.52 | 122.34 | 312.64 | 288.09 | 275.53 | 71.01 | 59.05 | 53.91 | 129.80 | 146.09 | 109.64 | 33.11 | 46.86 6.48
May | 154.01 | 179.22 | 126.42 | 308.63 | 415.83 | 318.73 | 70.11 | 87.13 | 90.26 | 132.03 | 198.55 | 123.21 | 26.88 | 76.58 | 16.34
Jun | 139.89 | 191.89 | 122.34 | 350.86 | 538.67 | 324.52 | 84.86 | 121.35 | 127.79 | 205.98 | 248.52 | 230.17 | 49.24 | 73.50 | 106.01
Jul | 587.00 | 224.70 | 126.42 |1531.15]1025.81| 308.55 | 241.62 | 109.47 | 108.48 | 688.18 | 480.32 | 191.77 | 149.83 | 72.31 | 83.57
Aug | 535.68 | 270.70 | 126.42 [1147.39| 996.06 | 323.82 | 213.07 | 121.30 | 134.46 | 579.76 | 471.22 | 181.33 | 131.20 | 103.76 | 101.24
Sep | 326.32 | 240.67 | 122.34 | 839.54 | 697.42 | 279.42 | 155.48 | 105.19 | 94.35 | 403.41 | 396.69 | 165.37 | 72.44 | 80.67 | 38.62
Oct | 75.79 | 151.35 | 125.35 | 204.85 | 262.70 | 281.77 | 38.30 | 67.73 | 58.92 | 100.07 | 141.63 | 110.35 | 11.79 | 27.76 0.00
Nov | 5542 | 150.25 | 119.75 | 119.01 | 213.37 | 251.94 | 23.12 | 59.97 | 51.58 | 68.43 | 109.61 | 106.79 | 10.31 | 13.20 0.00
Dec | 30.19 | 168.68 | 123.74 | 85.69 | 212.60 | 260.34 | 17.23 | 72.26 | 5330 | 65.73 | 11531 | 110.35 | 13.34 | 14.00 0.00
10 AR 60 MESISE THEol TiE AR O MMk
B e PAE olee] A48 f50] FhEApkom Hojerk wepd
- a  DrovchtBrent 7Ha A1%:717Kduration) & 7Hzo] #|&8 dso|n], 7 Alw
£ o (severity)i= 71 <27 [7h S0k WHIEH SlAR R} RS £
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I
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Fig. 1. Drought Definition Using Threshold Level Method
= o7} <=3 v} Je(Wu et al.,, 2008; van Huijgevoort
al., 2012; Beyene et al., 2014; Sung and Chung, 2014).
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X5 7 2 mae Ao etk FAEREITE
AR & 352 I B olvlT AYTEEET S AFgsiAd
t}. Archimedean ZZ8} <= % Clayton, Frank, Gumbel-S-
o2 HeEHs A8t Ao g AAsslen, 1
AIR= Table 33 2t} 7k Ales 9§99 =7|eh 540
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Table 3. Drought Characteristics and Optimal Probability Distribution Functions

. Severity (10° m’) Duration (month)
Dam Basin - - Copula
Func. Max. Min. Avg. Func. Max. Min. Avg.

Soyang Exp. 185.18 1.94 45.84 Gamma 8.53 1.03 3.08 Clayton

Chungju Exp. 470.23 2.86 95.77 Gamma 8.57 1.03 3.09 Frank
Andong Exp. 71.82 1.16 22.97 Gamma 9.50 1.07 3.37 Clayton
Daecheong Exp. 225.81 2.96 57.53 Gamma 10.80 1.03 3.49 Gumbel
Seomjin Exp. 29.49 0.50 7.46 Gamma 6.27 1.03 2.36 Clayton
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Table 4. Seasonal Drought Characteristics of Dam Basins

(a) Spring
Dam Basin Occurre.:rTce Duration Sevﬁerit3y Betum
Probability | (month) | (10°m’) |Period (year)
Soyang River 0.36 2.13 46.87 6.37
Chungju 0.23 2.10 120.11 10.99
Andong 0.35 2.39 24.55 3.56
Daecheong 0.29 2.14 50.41 2.80
Seomjin River 0.27 1.52 4.94 1.41
(b) Summer
Dam Basin Occurre?rTce Duration SeV6erit3y Betum
Probability | (month) | (10" m’) |Period (year)
Soyang River 0.28 3.41 76.86 16.92
Chungju 0.27 3.90 166.93 14.19
Andong 0.21 4.37 41.30 17.50
Daecheong 0.27 4.94 99.98 11.42
Seomjin River 0.20 3.19 17.64 19.41
(c) Fall
Dam Basin Occurrf.:r?ce Duration Sevﬁerit}y Betum
Probability | (month) | (10°m’) |Period (year)
Soyang River 0.25 4.39 24.84 5.76
Chungju 0.23 3.57 36.92 2.88
Andong 0.28 4.06 13.21 4.48
Daecheong 0.31 3.76 36.05 3.55
Seomjin River 0.25 3.02 4.67 5.55
(d) Winter
Dam Basin Occurre?rTce Duration SeV6erit3y Betum
Probability | (month) | (10" m’) |Period (year)
Soyang River 0.11 2.49 12.33 1.48
Chungju 0.27 2.69 53.38 2.46
Andong 0.16 3.03 12.73 2.32
Daecheong 0.13 2.94 38.15 2.76
Seomjin River 0.28 1.96 497 321
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ujizel] thE AR SRt B2 Hlog BAEth
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43 AEE S-E=E A

B dTelrs v we) odiEE ksl Sl 54
A7 |1EE 2= 7HEo] S A8ks vgste] Al et
9 FrRIA FE7RAEE Alslal A 8sa = 8
FTFE T v o) Hro] B HFo] wYEH=A] Abgsick
Table 204 RIS = SI=o] AT 88 A Ho] 3=l
w2} Q19121 24o] Q7] el Al W} 2jolrt gl
A ool a7hs A, B 2 l‘ﬁ%%“@ﬂ ofs)) A grolm
2 o[RS I3 uf Ve e sk 2 AR el A3 st
I Fesiinh o B Aol o) S-eluele] Bt 7HE
A&7 RE oF 37lkdoln, wlehr 37)e)] sfdsl= 2t AE7 17t
2 7RSS SERRAEEA] APgslelti(Fig. 2).

7 | felx] AEE SErREAEe] e SRS
Table 59 veRd A7} 2ok S-EuEle] 7138k 54 43 7,
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L | | | T

0 20 40 60 80 100
Return Period (year)

—<— SoyangRiver —©— Andong
—&— Chungju ——¢— Daecheong

—a&—— Seomjin River

Fig. 2. Design Drought for 3-month Duration
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Table 5. Water Shortage of Four Seasons under 3-month Duration Design Drought (10° m?)

(a) Spring (b) Summer

Return Period | Soyang . Seomjin Return Period | Soyang . Seomjin

(year) River Chungju| Andong |Daecheong River (year) River Chungju| Andong | Daecheong River

1 20 -40 -20 30 -50 1 890 2070 170 870 80
3 -40 -180 -50 -50 -60 3 830 1940 140 790 70
5 -60 -240 -60 -90 -70 5 810 1880 120 750 70
10 -100 -310 -80 -140 -70 10 770 1800 100 700 60
20 -130 -390 -100 -190 -80 20 740 1730 30 650 60
50 -180 -490 -130 -250 -80 50 690 1630 60 590 50
100 -210 -560 -150 -300 -90 100 660 1550 40 550 40

(c) Fall (d) Winter

Return Period | Soyang . Seomjin Return Period | Soyang . Seomjin

(year) River Chungju| Andong |Daecheong River (year) River Chungju| Andong | Daecheong River

1 90 350 10 190 -30 1 -290 -540 -110 -130 1
3 30 210 -20 110 -40 3 -350 -670 -140 -210 -10
5 10 150 -30 70 -40 5 -370 -730 -150 -250 -10
10 -30 80 -50 20 -50 10 -410 -810 -170 -300 -20
20 -60 2 -70 -30 -50 20 -440 -890 -190 -350 -20
50 -110 -100 -100 -90 -60 50 -490 -980 -220 -410 -30
100 -140 -170 -120 -140 -70 100 -520 -1060 -240 -460 -40

Proportional to Average Inflow

Proportional to Average Inflow

0.4

0 20 40 60 80 100
Return Period (year)

—o— Soyang —o— Andong —A— Seomjin
—&— Chungju —>— Daecheong

(@) Spring

0 20 40 60 80 100
Return Period (year)

—¢— Soyang —o— Andong —A— Seomjin
—8— Chungju —— Daecheong

(c) Fall

Proportional to Average Inflow

Proportional to Average Inflow

e
®

4
2
|

e
=
|

=
¥
|

0 20 40 60 80 100
Return Period (year)

—o— Soyang —o— Andong —A— Seomjin
—5— Chungju —<— Daecheong

(b) Summer

I I I I I I
0 20 40 60 80 100
Return Period (year)

—o— Soyang —o— Andong = —A— Seomjin
—&— Chungju —>— Daecheong

(d) Winter

Fig. 3. Water Shortage of Four Seasons under 3-month Duration Design Drought
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