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Analysis of Spatial Distribution of Droughts in Korea through Drought
Severity -Duration-Frequency Analysis
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Abstract

This study adopted the Rectangular Pulses Poisson Process Model for the drought severity—
duration—frequency analysis to characterize the spatial pattern of drought over the Korean peninsula using the
rainfall data of the 59 rain gauge stations. First of all, the drought severity in the southern part of the Korean
peninsula was found to be generally high for any return period. This result is consistent for both cases with and
without considering the overlap probability of rectangular pulses, which is also valid for longer durations.
Comparison with those of observed drought frequency and maximum severity also showed that the result in this
study has enough reliability.
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Table 1. Basic statistics of 3 month—-SPI at Seoul and Suwon
(threshold=-1.0; from top, Seoul and Suwon)

T Duration 1 month 2 months 3 months 4 months
Statistics

Mean 0.082527 0.115538 0.142661 0.112760

Variance 0.068602 0.168867 0.326814 0.227971

Lag-1 Cov. 0.029073 0.048392 0.014787 0.017835

Lag-2 Cov. 0.010348 -0.000470 0.016046 0.016269

— Duration 1 month 2 months 3 months 4 months

Statistics

Mean 0.081847 0.110090 0.124189 0.086577

Variance . 0.070940 0.153894 0.224189 0.158776

Lag-1 Cov. 0.019566 0.015442 -0.012264 -0.006821

Lag-2 Cov. 0.004106 -0.011587 0.002931 0.023967

Table 2. Parameters estimated for Seoul (top) and Suwon (bottom)

Duration 1 month 2 months 3 months 4 months
Parameters

A 0.189020 0.096665 0.046296 0.028747

7 1.558921 1.442060 1.510788 2.430239

n 1.469225 1.160360 0.644403 0.419618

Duration 1 month 2 months 3 months 4 months
Parameters

A 0.235216 0.131127 0.061579 0.024741

7 1.190856 1.600042 4.664311 12.699075

n 2.413265 2.977278 0.957020 0.295380
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Table 3. Results of drought severity—duration—frequency analysis for Seoul (top) and Suwon (bottom)

W 1 month 2 months 3 months 4 months
2 years -1.58(-1.58) -1.53(-1.53) -1.54(-1.54) -1.35(-1.35)
5 years -1.94(-1.96) -1.87(-1.87) -1.88(-1.88) -1.57(-1.57)
10 years -2.26(-2.32) -2.17(-2.17) -2.17(-2.17) -1.77(-1.77)
20 years -2.60(-2.74) -2.48(-2.48) -2.49(-2.49) -1.97(-1.97)
30 years -2.81(-3.03) -2.67(-2.67) -2.68(-2.68) -2.10(-2.10)
50 years -3.07(-3.50) -2.91(-2.92) -2.92(-2.92) -2.26(-2.26)
80 years -3.31(-4.08) -3.14(-3.14) -3.15(-3.15) -2.41(-2.41)
100 years -3.43(-4.44) -3.24(-3.25) -3.26(-3.26) -2.48(-2.48)
200 years ~-3.79(-6.11) -3.58(-3.60) -3.59(-3.60) -2.70(-2.70)
300 years -4.01(-7.74) -3.77(-3.82) -3.79(-3.80) -2.82(-2.82)
500 years -4.27(-11.06) -4.02(-4.10) -4.04(-4.05) -2.99(-2.99)

() : cases of considering overlap probability

Duration

Return Period 1 month 2 months 3 months 4 months
2 years -1.64(-1.64) -1.44(-1.44) -1.16(-1.16) -1.06(-1.06)
5 years -2.04(-2.05) -1.71(-1.71) -1.26(-1.26) -1.09(-1.09)
10 years -2.40(-2.40) -1.95(-1.95) -1.34(-1.34) -1.12(-1.12)
20 years -2.77(-2.79) -2.21(-2.21) -1.44(-1.44) ~1.15(-1.15)
30 years -3.00(-3.02) -2.36(-2.36) -1.49(-1.49) -1.17(-1.17)
50 years -3.29(-3.33) -2.56(-2.56) -1.56(-1.56) -1.20(-1.20)
80 years -3.56(-3.62) -2.74(-2.74) -1.63(-1.63) -1.22(-1.22)
100 years -3.6%-3.77) -2.83(-2.83) -1.66(-1.66) -1.23(-1.23)
200 years -4.09(-4.27) -3.10(-3.10) -1.76(-1.76) -1.27(-1.27)
300 years -4.33(-4.62) -3.26(-3.26) -1.82(-1.82) -1.29(-1.29)
500 years -4.62(-5.15) -3.46(-3.46) -1.89(-1.89) -1.31(-1.31)

() : cases of considering overlap probability
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b. return

b i hb b s kED

c. return period: 30 years d. return period: 100 years

Fig. 2. Isopleth map of drought with one month duration for various return periods (left and
right panels are those without and with considering the overlap probability, -respectively)

a2 & az
¢. return period: 30 years d. retumn period: 100 years

Fig. 3. Isopleth map of drought with two month duration for various return periods (left and
right panels are those without and with considering the overlap probability, respectively)
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c. return period: 30 years
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d. return period: 100 years

Fig. 4. Isopleth map of drought with three month duration for various return periods (left and
right panels are those without and with considering the overlap probability, respectively)
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Fig. 5. Frequency of drought occurrences and maximum drought severity of SPI over the Korean

Peninsula
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Table 4. Frequency of drought occurrences and maximum drought severity of SPI at 59 stations over

the Korean Peninsula

. . Frequency Station . Frequency
Is}m}‘;:r SEO | Ginder] Under| Under [ Under Sl\f*xéﬁ'ty Nunbe|  SE9er [Goder | Under | Under Si:i:‘x{ty
-10 | ~15 | -20 | -25 r ~1.0 | -15 | -20 | -25
90 Sokcho 47 21 10 3 -3.009 211 Inje 50 21 5 2 -2.966
100 | Daegwallyeong | 54 19 4 0 -2.247 212 Hongcheon 43 19 7 4 -3.507
101 Chuncheon 52 18 8 2 -3.058 221 Jecheon 53 24 10 2 -3.316
105 Gangneung 52 26 9 1 -2.638 226 Boeun 56 22 5 2 -2.945
108 Seoul 46 18 8 4 -2.831 232 Cheonan 45 18 10 3 -2.733
112 Incheon 52 17 8 2 -2.901 235 Boryeong 55 20 6 2 -2.985
115 Ulleungdo 53 24 4 0 -2.463 236 Buyeo 55 20 6 2 -2.985
119 Suwon 48 18 11 5 -2.971 238 Geumsan 65 28 12 1 -3.039
129 Seosan 51 20 12 2 -3.647 243 Buan 65 28 12 1 -3.039
130 Uljin 53 21 9 5 -2.890 244 Imsil 60 28 12 2 -3.437
131 Cheongju 56 24 8 4 -2.841 245 Jeongeup 61 27 8 3 -3.545
133 Daejeon 53 28 10 1 -2.830 247 Namwon 61 30 13 6 -3.138
135 |Chupungnyeong| 55 36 13 0 ~2.426 256 Suncheon 61 30 13 6 -3.138
138 Pohang 55 28 10 5 -3.651 260 Jangheung 53 26 12 6 -2.901
140 Gunsan 55 23 10 2 -3.872 261 Haenam 45 21 9 1 -3.080
143 Daegu 61 34 12 5 -3.222 262 Goheung 48 28 12 5 -3.176
146 Jeonju 60 27 3 3 -3.649 265 Seongsan 49 20 8 1 -3.223
152 Ulsan 52 25 16 7 -3.767 272 Yeongiju 58 27 13 5 -3.293
156 Gwangju 50 29 11 4 -3.197 273 Mungyeong 60 25 10 1 -3.121
159 Busan 54 26 13 5 -3.354 277 Yeongdeok 52 31 14 4 -3.017
162 Tongyeong 57 27 13 4 -3.626 278 Uiseong 63 29 15 7 -4.436
165 Mokpo 53 27 14 2 -3.058 279 Gumi 62 33 16 3 -3.373
168 Yeosu 57 29 11 5 -3.093 281 Yeongcheon 60 30 15 5 -4.080
170 Wando 48 20 9 3 -3.237 284 Geochang 62 36 18 6 -3.495
184 Jeju 45 23 8 3 -2.759 285 Hapcheon 53 34 15 8 -3.893
189 Seogwipo 45 20 5 3 -3.253 288 Miryang 58 31 10 5 -3576
192 Jinju 65 30 18 5 -3.809 289 Sancheong 55 31 12 7 -3.212
201 Ganghwa 47 20 6 3 -3.051 294 Geoje 52 23 8 3 -2.946
202 Yangpyeong 50 19 10 4 -3.553 295 Nambhae 58 29 11 4 -3.228
203 Icheon 49 22 12 5] -3.013
i, olE T WA AtEAEe FREEE 4 3 Adpde uigk iR SIS 2 AHEE 4
Ak WA, dFAG Y g&) SHEAEE gAFHe HEgton WG] X AA giFF oz G}
B GRAA ZA YehdS A% ¢ ok F# AN ZA YeErdS AT 5 ATk ol A=
Fu2o AL TeShe APsh meSA BE AT B AT AHAWI) o HRe] AAEE 712
B gis) oleidt A IdBHA veElgen A& < YERAL:
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