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Derivation of Drought Severity-Duration-Frequency Curves Using Drought
Frequency Analysis

ofF & /YT F
Lee, Joo Heon / Kim, Chang Joo

Abstract

In this study, frequency analysis using drought index had implemented for the derivation of drought
severity-duration-frequency (SDF) curves to enable quantitative evaluations of past historical droughts having
been occurred in Korean Peninsular. Seoul, Daejeon, Daegu, Gwangju, and Busan weather stations were
selected and precipitation data during 1974~2010 (37 years) was used for the calculation of Standardized
Precipitation Index (SPI) and frequency analysis. Based on the results of goodness of fit test on the
probability distribution, Generalized Extreme Value (GEV) was selected as most suitable probability distri—
bution for the drought frequency analysis using SPI. This study can suggest return periods for historical
major drought events by using newrly derived SDF curves for each stations. In case of 1994~1995
droughts which had focused on southern part of Korea. SDF curves of Gwangju weather station showed
50~100 years of return period and Busan station showed 100~200 years of return period. Besides, in case
of 1988~1989 droughts, SDF of Seoul weather station were appeared as having return periods of 300
years.

Keywords : drought index, standardized precipitation index, frequency analysis, SDF curve, SPI
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Table 1. Weather Stations Used in This Study

Code Gauge Name Latitude Longitude
108 Seoul 37° 34/ 126° 58
133 Daejeon 36° 22' 127° 22’
143 Daegu 35° 53’ 128° 37
156 Gwangju 35° 10" 126° 54
159 Busan 35° 06’ 129° 02’

2.2 SPI (Standardized Precipitation Index)
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Table 2. Moisture Condition and Drought Classification Using SPI Values

Range Condition Range Condition
More than 2.00 Extremely Wet 1.00~-1.49 Moderately Dry
1.50~1.99 Very Wet -1.50~-1.99 Severely Dry
1.00~1.49 Moderately Wet Less than -2.00 Extreme Dry
-0.99~0.99 Near Normal

Magnitude

v

Severity

Standardized Precipitation Index

Time (Year)

Fig. 1. Concept and Definition of Drought

(FEFG, 2009).
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Table 3. Historical Major Drought Event of Korea

Damage Area/Period
Year
Area Period (Month) Duration (Month)
Winter (1~2) 2
1976 All Area - -
Spring ~Summer (5~6) 2
All Area Winter (1~2) 2
1977 . X
Southern Districts Summer (6~7) 2
1978 All Area Winter ~Summer (2~6) 5
1681 Southern Districts Spring (5) 1
All Area Summer (6) 1
All Area Winter (1~2) 2
1982 - . -
Southern Districts Summer (6~7) 2
. L ‘Winter ~Spring (1~3) 3
Central Districts -
1988 Summer (6~7) 2
All Area Fall (10~11) 2
1994 All Area Winter ~Spring (1~5) 5
X Southern Districts Summer (7~8) 2
_ L Winter ~Spring (1~4) 4
1995 Southern Districts -
Summer ~Winter (7~12) 6
2000 Southern Districts - 6
2001 All Area Spring ~Summer (4~6) 3
Central Districts Fall~Winter (9~12) 4
2002 All Area Winter ~Spring (1~4) 4
2007 All Area Winter (1) 1
2008 Yeongdong Area, Southern Districts Fall (9~10) 2
2009 Yeongdong Area (Gangwon) Winter ~Spring (1~3) 3

SPI(6)- Seoul
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Fig. 2. Time Series and Box Plot of SPI for Seoul Weather Station
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Fig. 6. Time Series and Box Plot of SPI for Busan Weather Station
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Table 4. Results of Goodness of Fit Test(Kolmogorov-Smimov statistics) for Daejeon and Daegu Weather

Station
e Duration | Log-Gumbel Gamma GEV Gumbel Lognormal Weibull
(Month) | [Frechet(3P)] (3P) (3P) (3P) (3P)
1 0.11289 0.09798 0.09590 0.21166 0.10758 0.09654
2 0.08802 0.08804 0.07315 0.17753 0.08714 0.08387
3 0.08527 0.08259 0.07784 0.12022 0.09013 0.08539
4 0.12166 0.08138 0.07011 0.10503 0.07577 0.09185
5 0.12595 0.08440 0.07261 0.11217 0.08187 0.08570
Dae 6 0.11902 0.09208 0.07459 0.11418 0.08564 0.08018
jeon 7 0.11828 0.09375 0.08198 0.10660 0.09632 0.09456
8 0.11379 0.08164 0.06787 0.10197 0.08324 0.08019
9 0.13664 0.08763 0.07660 0.10693 0.08985 0.08892
10 0.13237 0.10896 0.09679 0.12271 0.11078 0.10791
11 0.12611 0.10007 0.07739 0.10496 0.08983 0.10733
12 0.13282 0.12495 0.09016 0.11820 0.10726 0.12631
1 0.07128 0.08375 0.07443 0.16860 0.08487 0.07965
2 0.11822 0.08076 0.07159 0.13767 0.08134 0.08352
3 0.11147 0.10443 0.10028 0.15191 0.09828 0.11226
4 0.19738 0.13918 0.10360 0.13676 0.13176 0.11677
5 0.16454 0.14885 0.12247 0.15377 0.14481 0.12779
Dae 6 0.14620 0.14013 0.11246 0.13450 0.13202 0.11683
gu 7 0.11224 0.09372 0.07665 0.11462 0.09204 0.07847
8 0.11209 0.10159 0.08041 0.12927 0.09591 0.08176
9 0.10628 0.07410 0.06703 0.13204 0.07267 0.06434
10 0.11298 0.07862 0.06989 0.13575 0.07501 0.06998
11 0.11297 0.09056 0.07287 0.11910 0.08646 0.07920
12 0.10657 0.07132 0.06729 0.10157 0.06549 0.06311

7] 918te] drbq oz Atn sl ARE-FE Gamma,
GEV (General Extreme Value), Gumbel, Log-Gumbel,
Lognormal, Log-Pearson type III, Weibull, Wakeby 3
Pol| izl 3= A4S AR Table 4= A3 44
& AN EEY T FEAECAE F4% 7HE 5o B4
ol ©]-§-5}= Gamma, Weibull, Log-Gumbel, GEV, Gumbel,
Lognormal wX3°] A3t% #A A3e JeRAATh
zS] AR © 72 3= Kolmogorov-Smirnov 7474 <
289 =1 Kolmogorov-Smirmov 742 H]ul 7]
=] WHow xRS FREETFe 7
o] E e ] TR XSS Hlaste] gate] HujH
AojEn, 1 | A7]9h Rl wE A
= FAAA R Hojok Hghdo] 1A
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Table 5. Drought Severity-Duration-Frequency for Each Weather Station

Cane Duration Frequency
(Month) 10yr 20yr 50yt 200yr
1 -1.8847 -2.0677 -2.2625 2.4956
2 -1.6453 -1.8300 9228 -2.0280 670
3 1.6075 1.6878 1.7780 9793
4 1.5120 1.6003 1.7001 1.9256
5 1.4146 1.5149 1.6296 1.7690 1.8940
Seoul 6 1.2724 1.3646 1.4698 1.5971 1.7107
7 -1.1671 -1.2594 -1.3646 -1.6061
8 -1.0889 -1.1771 -1.2770 -1.5040
9 -1.0315 -1.1158 -1.2109 -1.4248
10 -1.0034 -1.0886 -1.1844 -1.3994
11 -0.9730 -1.3562
12 -0.9266 -1.2992
1 -2.2923 -2.5690
2 -2.1215
3 -1.9761
4 -1.8745
5 -1.8098
Daejeon (_j
8 -1.9989
9 -1.9352
10 -1.8339
11
12
1
2
3
4
5
Daegu 6 -1.9075
7 -1.6971
8 -1.4360
9 1.3264
10 1.4985
11 1.4501 1.7806
12 1.3398 1.6608
1 -3.2679
2 -2.9803
3 -2.7696
4 -2.5425
5 - 072
Cwan 6 ~2.0637 .
Twangrt 7 ~1.9509 22180
8 -1.6729 -1.8678 -2.0446 -2.1411
9 -1.6167 -1.8169 -1.9989
10 -1.5348 -1.7358 -1.9190
11 -1.5025 -1.7143 -1.9084
12 -1.4065 -1.8123
1 -2.2905 -2.4010 -2.6488
2 -2.0287 -2.1479 -2.4192
3 -1.8189 -1.9379 -2.2086
4 -1.6595 -1.7641 -1.9980
5 -1.5928 -1.7884
Busan 6 -1.4321 -1.6028
7 -1.2986 -1.4630
8 -1.1857 -1.3433
9 -1.1110 -1.2627
10 1.0406 1.1869
11 . -1.0092 -1.1636
12 -0.7989 -0.9305 -1.0797
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Table 6. Return Period of Historical Major Drought Event Based on SDF Curves

Gauge Period Duration (Month) | Magnitude Severity Return—Period (Year)
1976-07~1976-10 4 -4.53 -1.13 10
1977-10~1977-11 2 -2.52 -1.26 10
1982-06~1982-11 6 -9.60 -1.60 100
1988-02~1988-03 2 -2.66 -1.33 10

Seoul 1988-05~1988-06 2 -2.38 -1.19 10
1988-08~1989-02 7 -12.14 -1.73 300
1994-01~1994-02 2 -2.42 -1.21 10
1994-07~1994-09 3 -4.25 -1.42 10
2000-04~2000-07 4 -4.41 -1.10 10
2007-01 ~2007-02 2 -355 -1.78 10~20
1976-05~1976-12 8 -1251 -1.56 20~30
1981-04~1981-07 4 -6.88 -1.72 10~20
1982-03~1982-04 2 -3.18 -1.59 10
1982-06~1982-11 6 -8.68 -1.45 10
1988-04 ~1988-06 3 -4.80 -1.60 10
1988-09~1988-11 3 -3.57 -1.19 10

Daejeon 1994-07~1995-01 7 -12.13 -1.73 20~30
1995-04~1995-07 4 -741 -1.85 10~20
2000-04~2000-05 2 -4.18 -2.09 10~20
2001-07~2002-01 7 -12.42 -1.77 30~50
2007-01~2007-02 2 -3.55 -1.78 10
2008-03 ~2008-07 5 -7.06 -1.41 10
2009-02~2009-04 3 -4.79 -1.60 10
1976-07~1976-12 6 9.32 1.55 10~20
1977-07~1977-12 6 777 1.30 10
1981-04~1981-05 2 2.55 1.28 10
1982-05~1982-07 3 4.55 1.52 10
1982-05~1982-06 2 -2.05 -1.03 10

Dacgu 1988-08 ~1989-01 6 *52,76 -1.63 10~20
1994-07~1995-01 7 -15.24 -2.18 100~200
1995-09~1995-11 3 -3.31 -1.10 10
2000-03 ~2000-06 4 -7.28 -1.82 10~20
2007-01 ~2007-02 2 -2.39 -1.20 10
2007-05~2007-08 4 -5.34 -1.34 10
2008-11 ~2009-04 6 -9.83 -1.64 10~20
1976-11~1976-12 2 -2.42 -1.21 10
1977-10~1977-12 3 -5.3 -1.77 10~20
1978-04~1978-05 2 -2.96 -1.48 10
1982-03~1982-11 9 -13.46 -1.50 30~50

Gwangju 1983-04~1989-01 10 -12.47 -1.25 10~20
1994-04~1994-12 9 -13.96 -1.55 30~50
1995-07~1996-02 3 -13.76 -1.72 50~100
2000-04~2000-06 3 -6.75 -2.25 30~50
2008-11~2009-02 4 -5.52 -1.38 10
1976-09~1976-12 4 -4.94 -1.24 10
1977-10~1977-12 3 -3.28 -1.09 10
1981-04~1981-05 2 -2.57 -1.29 10

Busan 1983-08~1989-01 6 -7.6 -1.27 10~20
1994-08 ~1995-02 7 -9.98 -1.43 100~200
1995-11~1996-02 4 6.05 1.51 10~20
2000-04~2000-07 4 7.59 1.90 100
2001-04~2001-05 2 3.05 1.53 10
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