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Application of Meteorological Drought Indices for North Korea
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Abstract

North Korea is one of the vulnerable countries facing the threat of a drought, so that it is unavoidable to
experience fatal damage when drought is occurred, and it is necessary to improve the drought response capability
of water resources systems. However, it is still difficult to find research efforts for drought characteristics and
drought management in North Korea. This study is to quantify drought duration and magnitude and to analyze
drought characteristics in North Korea. In order to quantitatively identify historical drought conditions and to
evaluate their variability, drought indices are commonly used. In this study, drought indices including dry-day
index, deciles of normal precipitation, Phillips drought index, standardized precipitation index and Palmer drought
severity index are calculated and compared monthly using the weather data for the twenty one meteorological
stations in North Korea. The indices compared with the drought damage records that have reported from 1990
to present to understand how the indices can explain the drought. A comparative study was also conducted to
evaluate the relative severity of the significant droughts occurred during 2000 and 2001 which were reported as
the worst drought in North Korea. Drought indices calculated from this study demonstrated that those can be
the effective tools in quantitatively evaluating drought severity and measures of drought. Thus it is recommended
the distributed trend of drought be considered when the plan or measures for drought in North Korea are
established.

Keywords : Drought indices, North Korea, Dry-day index, Deciles of normal precipitation, Phillips drought index,
Standardized precipitation index, Palmer drought severity index
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Table 1 Comparison of meteorological drought indices
Drought Index Dry-day Index Deciles PDI PDSI SPI
Precipitation,
. . e . temperature, local AWC .
Factors used Daily precipitation Monthly precipitation | Monthly precipitation . . Precipitation
of the soil, latitude of the
station
Dry-da 90 ~ -9.0
Output data Y Deciles 1~10 (The number of ten's Real number value Real number value
Drought Frequency
value)
Evaluation Class - Five Three Eleven Seven
Drought class
(Severe, Extreme User defined Deciles 1 ~ 2 D (Drought Emergnecy) | Value of less than -1.50 {Value of less than -3.00
Droguht)
. A variety of time scales
Timescale Day Month Day, month Month (3.6, 12, 24 month)
Dividing the Derived from a moisture
Using dry-day is distribution of the | Based on exceedance balance model, using Quantify the

defined as an

historic records of

precipitation deficit for

. . , occurrences over a | probabilities of monthly L . .
Main concept | observational-day with . . precipitation, multiple timescales,
long-term precipitation precipitation .
less than a 5 mm amoun temperature, and the  |relative to same months
. 7 record, each . L
of precipitation local available water historically
represents 10% . .
capacity of the soil
Delaware
. i hensi A .
Source Hershfield (1972) Gibbs and Maher comprehensive water W, C. Palmer (1965) Tom McKee et a
(1967) resources management (1993)
committee (1983)
NADSS (National National Drought
Use _ Australian Drought _ Agricultural Decision Mitigation Center,
Watch System Support System), Climate] ~ (WRCC) Western
Prediction Center  |Regional Climate Center
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Table 2 Drought records in North Korea
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Year Drought Damages Remarks
O Cause t'no rainfall form Jun. to Jul. and high temperature - North's Official Korean Central News
1997 O Record : Agency
- Pyeongan-do, Hamkyeong-do, Hwanghaebuk—do, Gangwon-do ~ Korea:; Central Television
O Damage : 716,000 acre of farmland, 704,300 ton of rice and maize
O Cause - little rainfall from Jan. to Jun.
O Record : - KREI Quarterly Agricultural Trends in
- Anju, Pvongyang, Haeju. Chongjin, Hamhung, Wonsan : little rainfall from Jan. to | North Korea (Vol. 1, no. 1~3)
1999 Feb. - Korean Ministry of Unification, the
~ Chongjin : 92 days, Wonsan : 119 days (by no rainfall from Feb. to May) Weekly North Korea (No. 466)
- Pyeongyang @ 27%, Pyeongan-do, Hwanghae-do, Gangwon-do : 25~ 34%, | - Korean Central Television
Jagang—-do, Hamkyeong-do * 50% (by normal rainfall of Jun.)
O Cause : little rainfall, high temperature, abnormal dryness from Feb. to Jul.
O Record :
- ?14% of normal famfall of Feb. and 32.3% of normal rainfall of Mar - KREl Quarterly Agricultural Trends in
- 33% of normal rainfall form Apr. to Jun. North Korea (Vol. 2. 10, 1~ 9)
- Hwanghae~-do : 21%, 26% of normal rainfall of May, Pyeongan—do : 55%, 33% of | LT
2000 normal rainfall of May, Pyeongyang : 31% of normal rainfall of May (The west of | Korean Ministry of Unification, the
: Ay, Freongyang - ot ay Weekly North Korea (no. 492, 493, 499)
North Korea) - USDA Foreign Agricultural Servi
- Pyeongannam-do, Hwanghaenam-do : 60% of normal rainfall from May and Jul. : reign cultural service
- Pyeongyvang, Nampo, Sariwon, Haeju © 48~61% of normal rainfall from Feb. and
Jun., 18.6% of normal rainfall of Jun,
o “little rainfall, hi ~13T hig : ,
° ggg(s;red 'httle rainfall, high temperature(10~ 13°C higher than normal) - KREl Quarterly Agricultural Trends in
: . North Korea (Vol. 3, no. 1)
- 46~ 86% of normal rainfall form Jan. to Mar. ~ Kor Vinistry of Unificati e
2001 = 11% of normal rainfall form Mar. to Jun. and 17% of rainfall last year ,0 ean S sty 0 ~ icanon, - the
i . Weekly North Korea (no. 542)
= 72% of cultivation land damaged .
) . . . - WFP/FAO(2001)
- drought-damaged area spreading to northern regions for May © from Nampo to ) .
- Kyoto News International
Hamkyeonghuk-do
Journal of the Korean Society of Agricultural Engineers, 50(3), 2008. S 7
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Table 3 Result of deciles in North Korea
(unit : year)

Stations Deciles 1, Deciles 2
Senbong 1997(5), 1998(5)
Samyiyon 1997(6), 1998(6), 2001(5)
Chongjin 1997(5). 20005), 2001(5)
Hyesan 1997(5)
Kanggye 1997(5)
Pungsan 1997(5), 1998(6), 1999(6), 2000(6)
Supung 1997(8). 1999(6)
Sinuiju -
Kusong 1997(6), 2000(8)
Hamhung 1997(5), 2000(5)
Sinpo 1997(8), 1998(7), 1999(6), 2000X5), 2001(5)
Anju 1997(5), 1998(5), 1999(5)
Yangdok 19976), 1998(6). 2000(5), 2001(5)
Wonsan 2000(5)
Pyongyang -
Nampo 1998(5), 2001(5)
Changjon 1997(6), 20005)
Sariwon 2001(6)
Yongyon 200006), 2001(3)
Haeju 2000(5), 2001(5)
Kaesong -

number of month for Deciles

*():
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Table 4 Result of Phillips drought index in North Korea

{unit : year)

Stations Drought Warning

Drought Emergency

Senbong 1998(2)

1998(8)

Samjiyon 1997(3), 2000(3) 1997(9). 1998(10), 2000(2)
Chongjin 1997(4), 1998(4) -
Hyesan 1997(2) 1997(1)
Kanggye 1999(2), 2000(5), 2001(4) 1999(2)
Pungsan 1997(3), 1998(9), 1999%(3), 2000(2) 1999(6), 2000(7), 2001(7)
Supung 1997(2), 1999(2) 1997(10), 1998(12), 1999(7), 2000(12), 2001(12)
Sinuiju 1999(3), 2000(6) -
Kusong 1997(2), 1999(3), 2000(2) 1997(7), 2000(8), 2001(2)
Hamhung 1997(4), 1999(7), 2001(3) 2001(9)
Sinpo 2001(12) 1997(12), 1998(12), 1999(12)
Anju 2000(6), 2001(4) 1999(3), 2001(1)
Yangdok 1998(3), 2000(3), 2001(2) 1998(9), 1999(12), 2001(2)
Wonsan 2000(9), 2001(4) -
Pyongyang 1999(10), 2000(3), 2001(6) 2000(4)

Nampo 1998(9), 1999(6), 2000(5)

Changjon 1997(6), 1998(5), 2000(2) 1997(2), 2000(9), 2001(6)
Sariwon 1999(7), 2000(4), 2001(3) 2000(2)
Yongyon 1997(4), 2001(3) 1999(11), 2000(12)

Haeju 1999(7), 2000(3), 2001(3) 2000(5)
Kaesong 2001(3) -

* () : number of month for Drought Warning and Drought Emergency
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A GollA 7HE A7t verdth HUEE 5 A
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Fig. 2 Result of monthly SPI-12 for North Korea (1997~ 2001 year).
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Fig. 3 Result of monthly PDSI for North Korea (1997 ~ 2001 year).
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Table 5 Comparison of drought duration about meteorological drought indices for North Korea (unit : year)

Stations Dry~-day Index Deciles PDI PDSI 12-SPI
Senbong 1998 C C~D C~D D
Samgjiyon 2000 C.H A-D.H B~D. H B~C, [
Chongjin - C B.C B.C./ B.C 17
Hyesan - B B B~E B~C
Kanggye 2000 G F HT GH T H I
Pungsan 1999, 2000 BCEG C~D. E-F, G+ CF G B~C, I~/
Supung 1997, 1999, 2000 AE A~E F~J B~D,F~J B~C,F~H, [
Sinuiju 1999 G E H Fl H~7
Kusong 1997, 2000 B-~C, G AB G B~C, H~J A H~I
Hambung 2000 Al A E-F F] Al B/
Sinpo 1997, 1998, 1999 ABCE A~F -] AF T AC
Anju 1999, 2000 D~E G D~E H~[ D~E F] I
Yangdok 1997, 1998, 2000 BCGI C-EGI o D~-EGI
Wonsan 1997, 1999 I GH I I A~B I
Pyongyang 2000 Gl E-FHT H~1 H~I
Nampo - I C~EH FH T I
Changjon - B G B~C. G H7 A C H~J
Sariwon 1999, 2000 I EHI H~/ H~/
Yongyon - DGI E-H I F.G-H I H~I
Haeju 1999 I EGHT F] H~J
Kaesong 2001 I I - -

¥ 1997, Jan~Jun. : A, 1997. Jul~Dec. : B, 1998. Jan~Jun. : C, 1998.

Jul~Dec. : D, 1999. Jan~Jun. : E, 1999. Jul.~Dec. : F,

2000. Jan~Jun. : G, 2000. Jul~Dec. : H, 2001. Jan.~Jun. : I, 2001, Jul.~Dec. : ]
% underline : drought duration determined by drought records (Table 2)
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L4 A AAeHE VIEoE HES wus)
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Deciles, PDI, PDSI, SPIA weht 20014 7}
Bo m@sh] Esigith 19979 64, 799 A$ 7t
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9 717h A d2A9 2E z]4Ee] 71Ee
FZHsP. 19999 7HE71E9] A$ PDIVF 48
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o, 4% 7Hg7180] U™ 20004, 200149
S ZE AgEol F4I% 7HE AHE BEEA
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