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Abstract

Many researches illustrated that the magnitude and frequency of hydrological event would increase in the future due to changes of hydrological
cycle components according to climate change. However, few studies performed quantitative analysis and evaluation of future rainfall in North
Korea, where the damage caused by extreme precipitation is expected to occur as in South Korea. Therefore, this study predicted the extreme
precipitation change of North Korea in the future (2020-2060) compared to the current (1981-2017) using stationary and nonstationary frequency
analysis. This study conducted nonstationary frequency analysis considering the external factors (mean precipitation of JFM (Jan.-Mar.), AMJ
(Apr.-Jun.), JAS (Jul.-Sept.), OND (Oct.-Dec.)) of the HadGEM2-AO model simulated according to the Representative Concentration Pathway
(RCP) climate change scenarios. In order to select external factors that have a similar tendency with extreme rainfall events in North Korea, the
maximum annual rainfall data was obtained by using the ensemble empirical mode decomposition (EEMD) method. Correlation analysis was
performed between the extracted residue and the external factors. Considering selected external factors, nonstationary GEV model was
constructed. In RCP4.5, four of the eight stations tended to decrease in future extreme precipitation compared to the present climate while three
stations increased. On the other hand, in RCP8.5, two stations decreased while five stations increased.
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Table 1. Selected external factor (seasonal rainfall) and correlations with residue
. RCP4.5 RCP8.5
External Factor Period Name — - — -
Significance level Coefticient Significance level Coefticient
Changjin 0.01 0.22 0.05 0.22
Hamhung 0.02 0.26 0.05 0.22
AMJ Apr.-Jun. Sinpo 0.03 0.23 0.02 0.24
Yangdok 0.03 0.24 0.05 0.21
Changjon 0.04 0.22 0.03 0.23
Samjiyon 0.04 0.22 0.04 0.23
JAS Jul.-Sept.
Kanggye 0.03 0.23 0.009 0.29
OND Oct.-Dec. Singye 0.03 0.24 0.04 0.22
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Table 2. Stationary and non-stationary frequency analysis results (RCP4.5)

Return Period (year)
Model
10 20 30 so | 70 | 80 | 100 150 200 300
Changjin (mm/day)
Reference 102.8 114.5 121.0 128.6 133.4 135.3 138.4 143.7 147.4 152.4
S-GEV 96.3 103.8 107.6 111.8 114.2 115.2 116.6 119.1 120.7 122.7
NL-GEV 91.2 98.8 102.5 106.7 109.2 110.1 111.6 114.0 115.6 117.7
Hamhung (mm/day)
Reference 138.4 157.2 168.3 182.5 191.9 195.7 202.1 213.8 201.9 208.7
S-GEV 129.4 148.6 160.1 174.7 184.5 188.5 195.1 207.4 216.3 229.0
NL-GEV 111.1 130.4 141.8 156.5 166.3 170.3 176.9 189.2 198.0 210.8
Sinpo (mm/day)
Reference 107.6 118.9 124.9 132.1 136.5 138.3 141.1 146.0 149.3 153.8
S-GEV 116.5 145.3 164.7 192.6 2133 222.0 237.5 268.2 2923 329.8
NL-GEV 98.6 127.3 146.8 174.7 1953 204.1 219.6 250.3 2743 311.9
Yangdok (mm/day)
Reference 193.9 2374 265.8 305.5 334.1 346.1 366.9 407.5 438.7 486.2
S-GEV 165.3 185.4 196.1 208.5 216.2 219.1 223.9 2322 237.7 245.2
NL-GEV 131.4 151.5 162.1 174.6 182.3 185.2 190.0 198.2 203.8 211.3
Changjon (mm/day)
Reference 277.7 331.0 363.8 407.0 436.8 448.9 469.6 508.6 537.3 579.5
S-GEV 216.6 238.7 250.4 264.0 272.4 275.6 280.8 289.8 295.8 303.9
NL-GEV 165.1 187.2 198.9 212.5 220.9 224.1 229.3 238.3 2443 252.4
Samjiyon (mm/day)
Reference 117.3 158.1 188.6 235.9 273.6 290.3 320.5 384.1 437.0 524.6
S-GEV 148.4 204.3 2453 308.0 357.5 379.1 418.2 499.6 566.6 676.2
NL-GEV 219.9 275.8 316.8 379.5 428.9 450.6 489.7 571.0 638.0 747.7
Kanggye (mm/day)
Reference 103.2 117.9 126.8 138.4 146.3 149.5 154.9 164.9 172.3 182.9
S-GEV 103.4 119.8 129.7 142.7 151.5 155.1 161.2 172.5 180.8 192.9
NL-GEV 175.3 191.7 201.6 214.6 2234 227.0 233.1 244.4 252.7 264.8
Singye (mm/day)
Reference 194.4 228.3 249.0 276.0 294.4 301.9 314.6 338.3 355.7 381.1
S-GEV 183.2 221.4 245.2 2717.0 299.2 308.3 323.9 353.5 375.6 408.2
NL-GEV 117.3 155.4 179.2 211.1 2333 242.4 258.0 287.6 309.6 342.3
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Fig. 4. Precipitation comparison by stationary and non-stationary frequency analysis
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Table 3. Stationary and non-stationary frequency analysis results (RCP8.5)

Model Return Period (year)
10 20 30 so | 70 | so | 100 150 200 300
Changjin (mm/day)
Reference 102.8 114.5 121.0 128.6 133.4 1353 138.4 143.7 147.4 152.4
S-GEV 108.3 118.3 123.6 129.8 133.6 135.1 137.5 141.6 144.4 148.2
NL-GEV 103.2 113.1 118.4 124.7 128.5 130.0 132.3 136.5 139.3 143.0
Hamhung (mm/day)
Reference 138.4 157.2 168.3 182.5 191.9 195.7 202.1 213.8 201.9 208.7
S-GEV 162.4 189.1 205.4 226.6 241.1 246.9 256.9 275.5 289.2 309.1
NL-GEV 138.3 165.1 181.3 202.5 217.0 222.9 232.9 251.5 265.1 285.0
Sinpo (mm/day)
Reference 107.6 118.9 124.9 132.1 136.5 138.3 141.1 146.0 149.3 153.8
S-GEV 192.0 246.0 282.6 334.8 373.5 390.0 418.8 476.1 521.0 590.8
NL-GEV 163.1 2171 253.7 305.9 344.6 361.0 389.9 4472 492.1 561.9
Yangdok (mm/day)
Reference 193.9 237.4 265.8 305.5 334.1 346.1 366.9 407.5 438.7 486.2
S-GEV 169.0 2239 263.1 322.0 367.5 387.2 422.6 495.1 553.9 648.7
NL-GEV 158.3 213.2 2524 311.3 356.8 376.5 411.9 484.4 543.2 638.1
Changjon (mm/day)
Reference 277.7 331.0 363.8 407.0 415.7 4242 438.4 508.6 537.3 579.5
S-GEV 221.8 245.8 258.6 273.6 282.9 286.4 292.2 302.3 309.1 3182
NL-GEV 180.3 204.3 217.1 232.1 241.3 244.9 250.7 260.8 267.6 276.7
Samjiyon (mm/day)
Reference 117.3 158.1 188.6 235.9 273.6 290.3 320.5 384.1 437.0 524.6
S-GEV 189.8 248.1 287.2 342.8 383.6 400.9 431.2 491.1 537.7 609.9
NL-GEV 236.0 294.4 333.5 389.0 429.9 447.2 477.4 537.3 583.9 656.1
Kanggye (mm/day)
Reference 103.2 117.9 126.8 138.4 146.3 149.5 154.9 164.9 172.3 182.9
S-GEV 131.5 157.1 173.1 194.3 209.0 215.0 2253 244.7 259.1 280.4
NL-GEV 183.2 208.9 224.8 246.0 260.7 266.7 277.0 296.4 310.9 332.2
Singye (mm/day)
Reference 194.4 228.3 249.0 276.0 294.4 301.9 314.6 338.3 355.7 381.1
S-GEV 206.3 233.7 248.7 266.7 278.1 282.5 289.8 302.6 311.4 323.5
NL-GEV 118.6 146.0 161.0 179.0 190.4 194.8 202.1 214.9 223.7 235.8
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