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Abstract

Due to recent climate change, rising temperatures and changes in rainfall patterns have increased the number
of countries suffering from droughts and floods - water disasters - worldwide. The conventional drought
analysis is based on the Standard Precipitation Index (SPI), which only reflects the amount of precipitation.
However, the limitation of the Standard Precipitation Index is that it takes precipitation as an exclusive factor
for drought analysis and does not provide a full representation of water balance such as precipitation and
evapotranspiration, which are often influenced by climate variability. Therefore, the study used the Standardized
Precipitation Evapotranspiration Index (SPEI) incorporating both rainfall and evapotranspiration in application
for drought analysis in North Korea. The analysis result showed that drought would intensify in the years
ahead due to rise in temperature and increased evapotranspiration in spite of increased precipitation.
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Figure 1. Flowchart of study
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Table 3. Analysis of rainfall in the drought state (2000~2001)

2000 2001
Location Station Season
State annual | Observed Ratio(%) State annual | Observed Ratio(%)
average Value average Value
Spring 149 9 65.6 44 149.9 13 9
Summer 566.8 223.4 39 566.8 467.2 82
Sariwon
Fall 193.9 103.6 53 193.9 138.9 72
Winter 43.5 41 94 43.5 31.1 il
Spring 178.5 79.8 46 178.5 447 26
Summer 770.7 459.6 60 770.7 699 91
Singye
Fall 197.1 184.5 94 197.1 99.1 50
Winter 46,8 17.8 38 46.8 27.6 59
Hwang—hae Do
Spring 145.2 33 23 145.2 20.5 14
Summer 562.1 2751 49 562.1 521.1 93
Yongyeon
Fall 182.6 78 43 182.6 100.9 55
Winter 48.5 61.8 127 48.5 37.9 78
Spring 191 71 37 191 20.6 11
Summer 739.6 334.8 45 739.6 761.3 103
Heaju
Fall 205.8 136.5 66 205.8 81.4 40
Winter 43.8 45,2 103 43.8 43.8 100
Spring 183 61,8 34 183 105.9 58
Summer 866.8 546 63 866.8 801.8 93
Gusung
Fall 206.4 40,1 19 206.4 136.1 66
Winter 46,3 35.6 77 46.3 35 76
Spring 148.8 119.9 81 148.8 7.4 48
Summer 650 396.8 61 650 604.9 93
North Pyongan Do Supung
Fall 194.6 83.6 43 194.6 144.3 74
Winter 39.1 20,7 53 39.1 34 87
Spring 273.3 669.9 245 273.3 406,2 149
Summer 618.8 1441 23 618.8 101,7 16
Sinuiju
Fall 176.2 97 55 176.2 13.8 8
Winter 67.2 184.6 275 67.2 215.1 320
Spring 131.5 69 52 131.5 9.2 7
Summer 508.5 238.1 47 508.5 437.9 86
Nampo
Fall 1711 102 60 171.1 143.2 84
Winter 43.3 40.2 93 43.3 34.2 79
Spring 159.7 109.2 68 159.7 46,1 29
Ao Summer 689.2 2827 41 689.2 609.9 88
u
! Fall 188.6 124.5 66 188.6 136.1 72
Winter 34,7 20.8 60 34.7 26.9 78
South Pyongan Do
Spring 160.8 73.1 45 160.8 50.1 31
Summer 697.1 282.7 41 697.1 600 86
Yangduck
Fall 195.3 195.9 100 195.3 188 96
Winter 46 17.2 37 46 28.9 63
Spring 171.2 83 48 171.2 24 14
Summer 628.3 256.5 41 628.3 467.3 74
Pyungyang
Fall 190.8 110.5 58 190.8 224.8 118
Winter 45,2 33.6 74 45,2 52.7 117
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Table 4. Analysis of rainfall in the drought state (2014~2015)

2014 2015
Location Station Season
State annual | Observed Ratio(%) State annual | Observed Ratio(%)
average Value average Value
Spring 149.9 65.6 44 149.9 173.2 116
Summer 566.8 289.2 51 566.8 1042.8 184
Sariwon
Fall 193.9 114 59 193.9 182.1 94
Winter 43.5 44,6 103 43.5 50,9 17
Spring 173.5 108.9 63 178.5 173.2 100
Summer 770.7 373.9 49 770.7 761.6 99
Singye
Fall 197.1 101.4 51 197.1 508 258
Winter 46.8 46.3 99 46.8 50.9 109
Hwanghae Do
Spring 145.2 152.1 105 145.2 100.2 69
Summer 562.1 300.2 53 5621 4672 83
Yongyeon
Fall 182.6 104.8 57 182.6 96 53
Winter 48.5 70.6 146 48.5 105.9 218
Spring 191 2247 118 191 100.2 52
Summer 739.6 448.6 61 739.6 837.9 113
Heaju
Fall 205.8 279.9 136 205.8 232.9 113
Winter 43.8 40,7 93 43.8 73.2 167
Spring 125.9 65,2 52 125.9 89.7 71
Summer 408.2 310.5 76 408.2 425.9 104
Jangjin
Fall 127.3 42.2 33 127.3 2682 211
Winter 27.8 38 137 27.8 65.2 235
Spring 139.3 64 46 139.3 109.5 79
Summer 4815 266.9 55 481.5 4216 88
South Hamgyong Do | Hamheung
Fall 190.9 57.2 30 190.9 283.8 149
Winter 45.5 13.2 29 45.5 1.3 25
Spring 1277 121.2 95 127.7 96.8 76
Summer 407.1 287.4 71 407.1 421 103
Sinpo
Fall 1617 80.2 50 161,7 158.4 98
Winter 52.6 34.3 65 52.6 66 125
Spring 1315 69.5 53 131.5 100.2 76
Summer 508.5 277.3 55 508.5 4672 92
Nampo
Fall 1711 88 51 171.1 259.2 151
Winter 43.3 69.6 161 43.3 58.6 135
Spring 159.7 1811 82 159.7 122.5 77
An Summer 689.2 712 103 689.2 673.9 98
u
! Fall 188.6 119.8 64 188.6 223.3 118
Winter 34.7 31,7 91 34.7 97.9 282
South Pyongan Do
Spring 160.8 163.9 102 160.8 173.2 108
Summer 697.1 568.9 82 697.1 827.3 119
Yangduck
Fall 195.3 107.4 55 195.3 131 67
Winter 46 59.1 128 46 50.9 11
Spring 171,2 125.2 73 171.2 173.2 101
Summer 628.3 567.4 90 628.3 827.3 132
Pyungyang
Fall 190.8 100.9 53 190.8 131 69
Winter 45,2 28 62 45,2 50.9 113
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Table 5. Summary of rainfall analysis (2000~2001)

2000 ~ 2001 Summary of rainfall analysis

Location

Station

Less than 60% Number of occurrences of rainfall

Hwanghae Do

Sariwon

4

Singye

Yongyeon

Heaju

North Pyongan Do

Gusung

Supung

Sinuiju

South Pyongan Do

Nampo

Anju

Yangduck

Pyungyang

e |lw|s|ls|lw| w|se|o|o

Table 6. Summary of rainfall analysis (2014~2015)

2014 ~ 2015 Summary of rainfall analysis

Location

Station

Less than 60% Number of occurrences of rainfall

Hwanghae Do

Sariwon

3

Singye

Yongyeon

Heaju

South Hamgyong Do

Jangjin

Hamheung

Sinpo

South Pyongan Do

Nampo

Anju

Yangduck

Pyungyang
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(c)Yongyeon SPI

Figure 3. Target state SPI

(d)Hamheung SPI

(a)Nampo SPEI
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(c)Yongyeon SPEIL

Figure 4. Target state SPEI

(b)Singye SPEI

(d)Hamheung SPEI
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Table 7. Drought index (2014)
Station Index Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
N SPI | 13 01 | 03 | 09 | 0.9 | -1.3 | =02 | =09 | =09 | -1.6 | -0.8 | -0.4
PO spRr | 1.4 01 | 09 | -14 | -14 | -16 | —04 | =09 | 1.0 | -1.7 | -11 | -0.7
Sineve | SPL_| 18 1.0 01 | =09 | =07 | —06 | =07 | =12 | -12 | =13 | =11 | -0.2
1
&y SPEI | 1.3 10 | 01| =11 | 10 | =07 | 08 | -1.2 | -1.3 | -1.4 | -1.3 | 0.4
N SPL | 15 01 | =08 | =05 | 02 | 04 | 01 | -09 | 0.8 | -1.5 | -0.6 | 0.4
ongyeon
&y SPEI | 15 01 | -12 | =10 | =01 | -0.7 | —02 | -10 | -0.8 | -1.4 | -0.7 | 03
. SPL | 03 | 01 | -08 | =17 | =15 | -19 | -15 | -1.4 | -1.3 | -1.6 | -15 | -1.1
n;
amNeung Toppr | 0.3 | -0.1 | =11 | —2.0 | 1.7 | 2.0 | -1.6 | -15 | -14 | -17 | -16 | -13
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Figure 5. RCP 8.5 scenario yearly precipitation and average temperature
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Figure 7. RCP 8.5 scenario drought frequency spatial distribution
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