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Severity-Duration-Frequency Curves in North Korea
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Abstract

In this study, drought of North Korea are analyzed using drought index. 27 weather stations are selected
and monthly precipitation and average temperature data are collected for drought analysis. SC-PDSI is used
for drought analysis and calculated using collected weather data during 1984 ~2013 (30 years) in 27 weather
stations. From the analysis result of historical drought event using drought index, it is confirmed that severe
droughts occurred in the early and mid 2000’s at most stations. Secondly, drought frequency analysis was
carried out for the derivation of drought severity—duration-frequency (SDF) curves to enable quantitative
evaluations of past historical droughts having been occurred in 6 stations (Pyeongyang, Hamheung, Cheongjin,
Wonsan, Haeju, Sinuiju). This study can suggest return periods for historical major drought events by using
derived SDF curves for each station. In the result, drought events in the early and mid 2000’s had return
periods of 20~50 years.
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Table 1. Descriptions for Weather Stations Used in This Study

Fig. 1. Location Map

in North Korea

Station Station . Observation Location Elevation
Province . - -

Code Name period Latitude Longitude (EL.m)
47003 Seonbong Hamgyeongbuk-do 1973 ~ 42°°19 7 130° 247 3
47005 Samjiyeon Yanggang-do 1981 ~ 41° 49 128° 19 1,386
47008 Cheongjin Hamgyeongbuk-do 1973 ~ 41° 477 129° 497 43
47014 Junggang Jagang-do 1973 ~ 41° 477 126° 537 332
47016 Hyesan Yanggang—do 1973 ~ 41° 247 128° 107 714
47020 Ganggye Jagang-do 1973 ~ 40° 58 7 126° 367 306
47022 Pungsan Yanggang-do 1981 ~ 40° 49”7 128° 09’ 1,206
47025 Gimchaek Hamgyeongbuk-do 1973 ~ 40° 407 129° 12”7 23
47028 Supung Pyeonganbuk-do 1981 ~ 40° 27" 124° 567 83
47031 Jangjin Hamgyeongnam—do 1981 ~ 40° 227 127° 15”7 1,081
47035 Sinuiju Pyeonganbuk—do 1973 ~ 40° 067 124° 23" 7
47037 Guseong Pyeonganbuk—do 1981 ~ 39° 597 125° 15”7 99
47039 Huicheon Jagang—do 1981 ~ 40° 107 126° 15”7 155
47041 Hamheung Hamgyeongnam-do 1973 ~ 39° 567 127° 337 38
47046 Sinpo Hamgyeongnam-do 1981 ~ 40° 027 128° 117 19
47050 Anju Pyeongannam-do 1981 ~ 39° 377 125° 39”7 27
47052 Yangdeok Pyeongannam-do 1981 ~ 39° 107 126° 507 279
47055 Wonsan Gangwon-do 1973 ~ 39° 117 127° 267 36
47058 Pyeongyang Pyeongannam-do 1973 ~ 39° 02 125° 47 38
47060 Nampo Pyeongannam-do 1981 ~ 38° 437 125° 227 47
47061 Jangjeon Gangwon—do 1981 ~ 38° 447 128° 117 35
47065 Sariwon Hwanghaebuk-do 1973 ~ 38° 317 125° 467 52
47067 Singye Hwanghaebuk-do 1981 ~ 38°30°7 126° 32”7 100
47068 Yongyeon Hwanghaenam-do 1981 ~ 38127 124° 53”7 5
47069 Haeju Hwanghaenam-do 1973 ~ 38° 027 125° 427 81
47070 Gaeseong Hwanghaebuk-do 1973 ~ 37° 587 126° 34”7 70
47075 Pyeonggang Gangwon—do 1981 ~ 38° 247 127° 187 371
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Table 2. Drought Classifications of PDSI (Palmer,
1965)

SC-PDSI Drought Category
+ 4.0 or more Extremely moist
+ 3.0 to + 3.9 Very moist
+20to + 29 Unusually moist
+19to - 19 Near normal
20 to - 29 Moderate drought
-30to - 39 Severe drought

4.0 or less Extreme drought
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2. Time Series of SC-PDSI for 8 Weather
Stations (continued)
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Table 3. Analysis Results of Drought Year in Each Station

Station Year
Name "84 '85|'86( 87| 88| '89| '90| 91| '92| 93| 94| 95| 96| '97| 98| 99| 00| ‘01| '02| ‘03| 04| "05| ‘06| '07| "08[ '09| "10| ‘11| 12| 13
Seonbong [ORNCANORNONNCRNORNORNG)
Samjiyeon (6] (0] O 0|00 O
Cheongjin [ORNO) O (O NORNORNCANONNONNG]
Junggang 0|0 0|0|0]|O
Hyesan [ORN6] 0100
Ganggye O] O (ORNORNORNG]
Pungsan O/0|0|O|O 0|0
Gimchaek O] 0O (ONNOR NORNORNONNG) O
Supung Ol0|0O O
Jangjin (O NORNONNORNONNG] O
Sinuiju ) 0|0|0]|0O
Guseong 0|0 O|0]| O [ORNONNOR NG (0]
Huicheon O 0|0 0|0 010]|0
Hamheung (0] [ORNONNORNO] 0|0
Sinpo (ORNCRNORNONNONNOR NONNO) 0]0]|0O
Anju 0|0|O0|0O|O (ONN0O)
Yangdeok O (O NORNORNORNG]
Wonsan 0) 0|0 O
Pyeongyang Ol0|0O (ORNO)
Nampo ) 0|0|O0|O|0O|O 0|0]|0O
Jangjeon O [ORNO) 0|0 [ORN6]
Sariwon ) 0|0|0]|0O 0|0
Singye o) 0|0 0) 0]0|0]|0O 0)
Yongyeon (0] 0O]0|0O O 0|0
Haeju O| 0 O|0|0O 0|0
Gaeseong O (ORNO) O 0|0
Pyeonggang 0/0|0|0]|O
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Table 4. Results of K-S test for Pyeongyang and Sinuiju station

Station ?ﬁiﬁiﬁ? Log—normal Gamma LO%;::?;IS on Gumbel GEV
1 0.18149 0.16772 0.178%9 0.18624 0.18284
2 0.18139 0.16615 0.17849 0.18445 0.18288
3 0.17923 0.16135 0.17551 0.17847 0.18108
4 0.17798 0.15797 0.17358 0.17423 0.18009
5 0.17490 0.15193 0.16921 0.16652 0.17746
breonerang 6 0.15574 0.14966 0.14516 0.15350 0.16073
7 0.14240 0.14486 0.13599 0.13690 0.14512
8 0.11501 0.13945 0.10939 0.11526 0.11769
9 0.08920 0.14237 0.08481 0.09570 0.09105
10 0.09648 0.14301 0.09322 0.10749 0.09787
11 0.10188 0.12101 0.09943 0.08726 0.10291
12 0.10462 0.13100 0.10260 0.09042 0.10549
1 0.07435 0.13052 0.07377 0.07782 0.07419
2 0.06906 0.11850 0.07521 0.06546 0.065%
3 0.07745 0.15987 0.07508 0.10854 0.07921
1 0.06699 0.15986 0.06534 0.10818 0.07189
5 0.09457 0.19324 0.09191 0.14126 0.09704
o 6 0.09973 0.20146 0.09629 0.14958 0.10278
Stuiju 7 0.10040 0.20313 0.09306 0.15436 0.10586
8 0.10262 0.21270 0.09333 0.16461 0.10948
9 0.08433 0.20032 0.07651 0.15017 0.09048
10 0.06595 0.18998 0.06997 0.13411 0.07316
1 0.06039 0.16076 0.06190 0.10685 0.06898
12 0.06916 0.14199 0.04709 0.09186 0.08074
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Fig. 4. SDF (Severity-Duration—-Frequency) Curve for Each Weather Station
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Fig. 4. SDF (Severity-Duration-Frequency) Curve for Each Weather Station (continued)

Table 5. Return Period of Historical Major Drought Event Based on SDF Curves

Station Period I?;Ziiﬁ? Magnitude Severity Retu(lgiifnod
89.08 ~ 89.09 2 -6.50 -3.25 5
00.09 ~ 01.08 12 -56.60 -4.72 20~50
Pyeongyang
02.07 ~ 0212 6 -22.57 -3.76 5~10
06.08 ~ 07.07 12 -51.20 -4.27 20
92.08 ~ 92.09 2 -7.30 -3.65 5
97.06 ~ 97.10 5 -24.67 -4.93 10~20
99.07 ~ 99.09 3 -10.54 -3.51 5~10
Hamheung 01.12 ~ 02.11 12 -54.98 -4.58 20
05.09 ~ 06.03 6 -22.61 -3.77 5~10
06.09 ~ 06.12 4 -12.98 -3.25 5~10
07.06 ~ 07.07 2 -9.08 -4.54 5~10
94.08 ~ 95.07 12 -47.00 -3.92 5~10
98.05 ~ 98.06 2 -7.53 =-3.77 2~5
99.07 ~ 99.12 6 -24.79 -4.13 5~10
Cheongjin 02.07 ~ 03.01 7 -28.64 -4.09 5~10
03.07 ~ 04.06 12 -56.87 -4.74 10~20
06.08 ~ 07.07 12 -58.66 -4.89 20
08.08 ~ 09.01 6 -21.41 -3.57 2~5
97.07 ~ 97.10 4 -13.82 -3.46 10~20
00.09 ~ 01.08 12 -47.34 -3.95 20~50
Wonsan
05.11 ~ 06.01 3 -9.12 -3.04 5~10
06.08 ~ 06.09 2 =747 -3.74 10~20
85.07 ~ 85.08 2 -8.61 -4.31 5~10
88.09 ~ 88.12 4 -12.93 -3.23 5~10
89.06 ~ 89.10 5 -26.03 -5.21 10~20
Haeju 99.07 ~ 99.08 2 -6.49 -3.25 5
00.08 ~ 01.07 12 -58.03 -4.84 20~50
02.07 ~ 02.11 5 -16.85 -3.37 5~10
06.08 ~ 07.03 8 -33.80 -4.23 10~20
89.07 ~ 89.11 5 -18.45 -3.69 10
L. 00.07 ~ 00.12 6 -22.26 -3.71 10~20
Sinuiju
01.04 ~ 02.02 11 -42.13 -3.83 10~20
02.05 ~ 03.03 11 -52.60 -4.78 20~50
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