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ABSTRACT

To evaluate the impact of drought on agriculture in N. Korea, SPI (standardized precipitation index) analysis was carried
out by utilizing time-series precipitation data during 1996 —2003 when severe drought occurred throughout the country.
The SPI value was estimated to reach 12 in approximately 60% of the total period, indicating that agricultural productivity
deteriorated rapidly due to the long-term drought. The national average drought cycle, based on SPI 12, was estimated as
32.5 months for the last 40 years. However, when examined on 20-year basis, the drought cycle was shortened by 10.6
months in last 20 years (30.3 months) as compared to previous 20 years (40.9 months). Annual crop production continued
to increase mainly in rice and maize until the mid-1990s, but declined sharply thereafter due to the drought. After the
drought period, the production of potatoes of which growth is more resistant to drought started to increase to the
production level comparable to those of rice and soybean. It is expected that changes in the agricultural production
environment in N. Korea will be inevitable due to the climate change. To this end, using the results of the drought cycle
analysis, it is possible to analyze the changes in the agricultural production environment in N. Korea in the future.
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HES ETshehe WHoE 1ok X
A 4=(standardized precipitation index, SPI)= TH/d7]7t
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ATHE T A% 23 SPIe -1 78
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Moon(2005)°] G AAIGNA Yehd= 571 9 A
A B7= 3 WPHo g Falol] W& (Fourier transform)
S NS dlo]Bgl M3k (wavelet transform) 2
He AAEt Rz ik 2HER #4835 vt
Atk TEFF Lee et al.(2012)S 7HEAGFE S35 sHE
o] 7hE 71 A4S $Iste, SPIet FH7HEAIS (Palmer
drought severity index, PDSI)oll thsle] glojBel e}
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& 199538 AFE JFo9ol o3k Fafe} ol
oF gd7te] 7] 7hro = QIgh Azt 2RSS A
2Ag vl ATHRRI, 2015). Al AAAZRE 2 2]
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AFEA7IT(FAO)SH AZAINAIR (WFP) 58 53 A
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Feoll T83F 842 Agdle EYTE e
1ol et A Rl A Wk 5ol
TR o] SEREE ATHEESRE SPI
P, Tz AR 2140l W 7o) dEs v
AJHMcKee et al., 1993). 53]
LAY, AFA AT, BT 3,
% Sl X JEFs sk B, o
A, 3, 6, 1270€ Sl disle] o 75
Agsler = vk SPe Hwgk o7 EFEAF |
ATHE¥ (cumulative normal distribution)S ¥F4
o (standard normal distribution)2 HEA|A Alrtet)
SPIZF ()R] 5= Zd5ide] Tdwkl visl e wt
()0 e AS S ugitt. w54 7IkE
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Table 1. Classification of drought intensity using SPI (McKee et
al,, 1993)

SPI value Classification
2.00< Extreme wet
1.50 ~1.99 Very wet
1.00 ~ 1.49 Moderately wet
-0.99 ~0.99 Near normal
-1.00 ~ -1.49 Moderate drought
-1.50 ~-1.99 Severe drought
-2.00 > Extreme drought

wEtA FeEe] AAIE AEE 0]83 SPIe 7R
AEE Hrt 9 «=sh] S8l ¢

SPISF THE AFAY AFEe] S BA% A9,
SPI 10 oo 7] 71 “d&ellx] Aaige] ashe A
T 237} AAE BF ATHRRI, 2017; Song, 2018).

22. 78 F71 84

718 A4S S8t A7 Pdat 4 (autocorrelation analysis)
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3.1.1. 7he @3t

o] QoA Halo] Bxshe F 27744 71l
A A=E F 409 F9H1981~20200)0) Bk ARE
HASIATHKMA, 2022)(Table 2). B3ke) 7Pthe 2+
A=EE 137 A Byl glon, sidass M
oA Y] ¢ AN O R 100 m O]LHJ v 55 US

991 F=e] AAA TPt 4t TP, SEEE
o] AR 7149 749 242 1,000m Ol% Aol 9

s B9 Ay A e 9233 mmE o
el A 1,354.1
gk 37 7Pl
A 651.4mm= 7P A0 2 JERITHTable 3).

E3He] A& 3o i, Hbds, HekE=
oF BAR] ATl ATF A5 1994~1995 717F
ol d o] oF 1.2~1.480 ode] o] FFE A
o2 UeRtt v o] 7|7F A% oF 8d FRtelle A
AE EERE R Ao} s FElIk YRS ALl
Az oz FA4IsE 7hao] A AkFig. 1).

19811458 HT7HA] AHFGE Az ] st
FAlE 350 A oF 159 Bt ko] MslEo)
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Table 2. Weather stations in the DPRK
Province Station name ™ coordinate Latitude Longitude Elevation
X Y (m)
Pyungyang-si Pyungyang 221563.39 4325400.75 39° 02 125° 47 38
Anjoo 212421.51 4390576.55 39° 37 125° 39' 27
Pyungan-nam
Yangduck 312816.36 433750791 39° 10" 126° 50' 279
Soopoong 155113.69 4485652.78 40° 27 124° 56' 83
Pyungan-buk Sineuijoo 106425.07 4449081.89 40° 06' 124° 23' 7
Goosung 179783.08 4432646.14 39° 59 125° 15 99
Joonggangjin 324104.74 4627885.83 41° 47 126° 53' 332
Jagang Ganggye 298046.27 4537830.71 40° 58' 126° 36' 306
Hoecheon 265817.25 4449882.34 40° 10’ 126° 15 155
Yongyeon 139477.92 4236022.99 38° 12' 124° 53' 5
Hwanghae-nam .
Haejoo 210361.10 4214655.70 38° 02' 125° 42' 81
Sariwon 218091.30 4268099.27 38° 31 125° 46' 52
Hwanghae-buk .
Singye 284896.81 4264176.83 38° 30’ 126° 32' 100
Wonsan 364686.93 4338290.58 39 11 127° 26' 36
Gangwon Pyunggang 351553.87 4251565.51 38° 24' 127° 18' 371
Jangjeon 429018.20 4287501.51 38° 44' 128° 11' 35
Jangjin 351418.81 4469924.80 40° 22' 127° 15' 1,081
Hamgyung-nam Sinpo 430323.07 4431776.33 40° 02' 128° 11’ 19
Hamheung 376105.80 4421364.34 39° 56' 127° 33' 38
Sunbong 615369.14 4685885.35 42° 19 130° 24' 3
Hamgyung-buk Cheongjin 567863.60 4626042.70 41° 47 129° 49' 43
Gincheck 516904.77 4501774.20 40° 40' 129° 12 23
Samjiyeon 443245.66 4629646.92 41° 49 128° 19' 1,386
Yanggang Hyesan 430340.49 4583497.42 41° 24' 128° 10' 714
Poongsan 428315.60 4518753.22 40° 49' 128° 09' 1,206
Gaesung-si Gaesung 286247.40 4204909.98 37° 58 126° 34' 70
Nampo-si Nampo 184085.91 4291605.34 38° 43 125° 22' 47

o] 7% 7F7IRE Wl =99 #k BoldAd 7Tk
ol SPIS] HAZko] Uelhdol wel, SPI 12014 7]
7Hee] 540 2 YRt

AFF o 2= HRe] FRAYR o] oorlld 7]
k% SPI 19 A 7FeoE FHEE -1 ofake] 7|zto]
T I9EE, FE=QUIY) B EEZND )0l Hla)
Ao Hog EAFHATHTable 4). 53] B3 Aol 29
el Blal oF 62%ell dFe= A= UERTE SPI
37 SPI 6] 7% Sslld=e 282t 22093 207 =,
FI=UNEH 2709, FEE=QTIEH 2971Y), =
st AAGaNEs 3l)e] Amet HlwshA A SPI
12 AR A2 JeRh oebd #A 40d 5 5
sto] AP 1~67119] 7HE2 Aol Higl ERA
A ok 15 B Aoz EAEL

A7) 7HES A= SPI 129 7% Selid=s 2170
9=Z SPI 1, SPI 3, SPI 63} fASH Blsl], =47

M), FHE=@TRY), E53F JGE7L)e] Addez
WA 3197} J48HA S71E Ao E YRt T8 &
e B [ 79 SPI 6 ol8ke] ©r] 7HE o)
H 7] 7h9] 357t oF 158 o3 S71emH, 7=
o] A& TRIE ERAOZ Z45E HojAe o=
Rt 53] 53 dHe] A9 SPI 129] 7HE 7IRte]
ZA| 717Ee] oF 60%= UEREel wet, BAe] A7) T
o o5t F¢ Aol FAsH sl Aoz 4
A& 7ol AT MY = A= i, FEEE
7} AVNER =t et 2970l Hls) =2 Wb, JVgAl
= VYR ul§- vk Aoz Yepdt)
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Table 3. Annual mean precipitation distribution for each province in the DPRK (unit: mm)

Pyungyan, Pyungan Pyungan Hwanghae  Hwanghae Hamgyun Hamgyun, Gaesun, Nampo The whole
vear Y -fiy ¢ }-/nar%‘l y-bui Jagang -naIgn -bulcli Gangwon -niym ¢ -bgu}ll ¢ Yanggang -si y -sip country
1981 1,060.5 1,141.8 1,085.3 960.1 1,118.3 1,286.0 1,641.6 789.7 553.7 761.6 1,458.8 967.6 1,069.6
1982 500.1 561.6 825.4 781.5 653.7 758.6 1,064.0 703.1 687.6 715.5 810.2 475.5 709.5
1983 971.8 1,153.1 1,043.1 962.7 733.8 869.3 1,415.6 9323 773.2 753.7 1,153.2 1,016.3 982.0
1984 906.0 871.3 1,034.7 896.6 838.1 9443 1,278.6 807.1 851.0 726.0 1,057.3 830.1 921.0
1985 832.7 936.8 1,289.0 916.4 961.8 1,208.7 1,275.0 8472 525.9 728.3 1,178.7 785.5 956.6
1986 838.1 887.6 1,065.2 1,096.3 645.7 947.6 1,478.0 928.5 833.8 871.8 1,136.1 917.9 971.3
1987 1,146.6 1,119.9 1,030.6 977.4 1,173.0 1,189.1 1,403.9 861.6 683.8 730.1 1,220.1 881.4 1,036.5
1988 635.7 759.8 667.1 715.8 707.3 699.1 1,186.5 690.5 684.3 587.5 931.2 549.6 733.6
1989 751.9 965.5 851.7 953.3 638.4 767.3 1,532.8 885.3 596.2 747.6 892.7 575.6 848.2
1990 1,452.6 1,660.5 1,304.4 916.6 1,980.0 1,808.6 2,046.3 998.0 922.2 831.7 2,055.6 1,531.7 1,457.3
1991 660.4 599.2 749.5 862.6 616.7 660.5 998.6 589.5 720.8 689.2 716.2 303.5 686.8
1992 732.1 1,036.6 995.3 748.4 9194 828.1 1,165.3 812.7 941.0 692.8 806.9 1,057.7 891.8
1993 604.0 643.8 834.2 700.9 9153 832.8 1,316.3 592.0 664.4 624.1 1,266.4 690.6 803.0
1994 1,304.1 1,108.5 1,309.4 959.0 1,240.9 1,066.7 1,132.0 782.3 732.0 871.1 1,146.0 1,295.4 1,080.1
1995 1,132.4 1,169.0 1,441.6 1,338.1 8472 877.4 1,235.3 606.5 595.1 857.1 1,007.5 869.0 997.9
1996 989.7 823.3 1,003.0 759.9 9723 802.1 1,143.7 555.7 498.9 620.2 1,181.9 1,059.4 866.9
1997 822.4 699.4 729.1 393.0 768.1 696.5 957.9 323.0 389.5 415.0 1,003.0 690.9 651.9
1998 1,037.8 582.5 1,025.8 605.1 966.7 859.4 1,225.9 450.2 470.0 547.6 1,518.3 571.7 823.1
1999 736.1 726.3 829.4 450.0 674.8 647.1 1,068.0 393.8 436.7 5352 1,297.0 495.0 690.9
2000 502.5 598.1 638.3 565.5 508.1 589.9 7182 595.0 453.6 485.9 1,237.5 456.1 610.6
2001 750.7 834.0 876.8 715.2 805.1 7672 1,437.6 561.9 539.3 622.0 1,068.5 631.4 798.8
2002 659.5 685.0 647.2 468.3 755.5 563.1 1,192.4 559.1 510.8 436.7 986.1 4222 662.4
2003 1,048.3 914.0 1,039.7 671.0 960.0 964.4 1,460.0 597.5 584.6 566.7 1,277.8 6342 893.3
2004 1,085.2 900.5 1,181.9 929.8 1,083.8 930.8 1,368.0 773.9 530.3 641.0 1,337.2 661.6 951.6
2005 846.1 800.6 940.6 832.8 800.1 736.7 1,115.0 573.8 548.5 693.7 1,137.9 497.1 793.2
2006 616.3 857.7 809.4 480.2 495.6 655.2 1,143.5 593.0 410.2 533.1 955.4 350.3 658.7
2007 1,591.4 1,266.8 1,104.2 694.0 1,399.9 1,557.6 1,352.6 1,038.0 705.7 854.3 1,299.9 1,018.3 1,157.2
2008 880.9 799.7 953.9 680.5 1,087.1 820.2 1,581.1 527.5 654.6 549.4 1,177.3 6422 863.9
2009 992.9 1,090.4 834.5 839.9 978.0 1,034.0 1,446.5 719.8 585.0 710.0 1,283.6 807.8 942.8
2010 1,145.0 1,363.4 1,682.2 1,354.5 1,230.8 1,424.8 1,688.4 1,061.0 808.9 955.5 1,779.2 1,178.2 1,302.3
2011 1,026.5 1,103.9 1,034.5 826.4 1,413.4 1,373.2 1,642.2 837.8 524.4 660.9 1,930.5 948.3 1,109.4
2012 1,201.5 1,371.7 1,404.9 1,035.9 1,176.7 1,332.6 1,428.2 1,158.6 1,093.5 1,006.8 1,255.8 1,029.3 1,207.3
2013 1,289.3 1,852.7 1,608.4 1,236.0 1,097.9 1,186.2 1,565.1 900.3 729.8 811.8 1,406.5 978.6 1,221.4
2014 527.3 637.2 949.9 676.0 491.9 404.1 850.1 396.5 526.6 484.2 441.8 360.1 563.5
2015 1,121.5 1,249.1 1,190.0 1,050.3 1,073.1 1,422.3 1,600.6 876.5 1,272.8 1,086.3 669.9 912.3 1,125.8
2016 862.5 1,258.6 1,086.5 909.1 886.3 870.7 1,602.5 514.9 306.2 777.0 982.1 730.9 898.6
2017 865.2 930.8 875.9 766.1 687.6 882.6 1,469.5 670.4 482.1 597.0 780.4 608.1 799.0
2018 966.9 1,086.1 1,286.1 971.2 942.1 818.2 1,510.1 854.9 752.6 818.8 1,182.8 1,034.3 1,018.8
2019 582.7 860.9 794.5 834.6 775.0 649.9 981.8 605.0 658.4 455.9 991.9 454.6 718.1
2020 1,450.9 2,077.0 1,564.1 1,101.5 1,338.3 1,649.2 2,446.3 1,204.1 818.0 718.2 1,651.0 1,466.5 1,456.9
Mean 928.2 999.6 1,040.4 840.8 933.9 959.5 1,354.1 729.2 651.4 694.3 1,166.8 784.7 923.3
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Fig. 1. Annual precipitation distribution over the DPRK during the past 40 years.

€C



SP12

SP6

SP3

SP1




T20T ‘T€~T *d “(S)LT "[OA "UOMAUF JId)EMPUNOIL) [0S L

Table 4. Total months with value lower than —1 for SPI 1, 3, 6, and 12 in each province from 1996 to 2003

SPI Pyung?/ang Pyungan Pyungan Jagang Hwanghae Hwanghae Gangwon Hamgyung Hamgyung Yangeang Gaes'ung Narr}po The whole
-si -nam -buk -nam -buk -nam -buk -si -si country
16 25 22 22 18 22 17 28 23 21 16 21 29
3 21 24 25 24 22 31 24 24 27 21 21 27 34
18 27 27 34 26 29 24 33 29 28 21 25 32
47(16)
2 21(15) 47(13) 34(12) 64(49) 21(12) 42(24) 34(16) 50(42) 48(22) (97/07/31 6(3) 29(14) 57(29)
(MCD*) (00/07/31  (00/05/31  (00/07/31  (97/06/30  (00/07/31  (99/07/31  (00/03/31  (97/02/28  (97/06/30 -98/10/31)  (98/05/31  (00/05/31  (99/010/31
-01/09/30) -01/05/31) -01/06/30) -01/06/30) -01/06/30) -01/06/30) -01/06/30) -00/07031) -99/02/28) (02/06/30 -98/07/31) -01/06/30) -02-02-28)
-03/09/30)

* MCD: maximum consecutive months
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Table 5. Drought cycle for each province in DPRK using SPI 12 (1981~2020)

Province 1981-2020  1981-2000  2001-2020 Province 1981-2020  1981-2000  2001-2020
Pyungyang-si 34 49 34 Gangwon 35 35 25
Pyungan-nam 29 26 35 Hamgyung-nam 30 59 33
Pyungan-buk 34 31 26 Hamgyung-buk 31 42 33

Jagang 35 70 34 Yanggang 34 48 34
Hwanghae-nam 34 36 34 Gaesung-si 34 36 24
Hwanghae-buk 34 34 25 Nampo-si 26 25 27

Average 325 40.9 30.3

T HEE Hugks Uehlle 9= 238Kt £ 40
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Table 6. Agricultural land area estimated from the special reports in DPRK (unit: 10* ha)

Province Total Agricultural land area Ratio
area (A) 2002 2004 2008 2010 2012 Mean (B) (B/A, %)
Pyungyang-si 262.9 41.6 424 458 27.1 293 37.3 14
Pyungan-nam 1,186.7 167.7 193.0 216.5 155.9 159.1 178.4 15
Pyungan-buk 1,239.3 206.3 206.0 230.7 204.8 215.0 212.6 17
Jagang 1,676.5 50.3 51.0 57.3 504 54.0 52.6 3
Hwanghae-nam 819.7 250.9 251.0 273.7 252.7 250.0 255.7 31
Hwanghae-buk 815.4 123.3 135.0 161.5 169.2 165.0 150.8 18
Gangwon 1,108.7 76.4 79.0 87.1 78.6 75.0 79.2 7
Hamgyung-nam 1,860.3 124.1 124.0 140.0 124.1 148.0 132.0 7
Hamgyung-buk 1,673.8 87.2 87.7 92.3 92.0 100.0 91.8 5
Yanggang 1,388.8 49.8 50.0 31.0 33.0 30.0 38.8 3
Gaesung-si 130.9 18.9 74 0.0 0.0 0.0 53 4
Nampo-si 82.9 254 0.0 0.0 37.8 404 20.7 25
Total 12,245.7 1,221.9 1,226.5 1,336.0 1,225.6 1,265.9 1,255.2
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Fig. 3. Autocorrelation function for estimating drought cycle using SPI 12 (1981~2020) at Jagang (a), Nampo (b), Gangwon (c), and
Pyungan-nam (d). ACF indicates autocorrelation function.
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Fig. 4. Annual variation of area for major crops in DPRK (1981~2020).
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Table 7. Agricultural land area for major crops estimated from the special reports in DPRK (unit: 10° ha)

. Paddy field Dry field Field total Ratio of field (%, 2uo of paddy — Ratio of
Province Total (A) G)) Maize Potato Soybean  The rest Total (C) B+0O) (B+CYA) field (%, B/ dry field
(B+O) (%, C/B+C))
Pyungyang-si 262.9 234 1.2 1.1 1.2 0.4 13.9 373 14.2 62.7 373
Pyungan-nam 1,186.7 974 63.8 8.3 6.9 2.0 81.0 178.4 15.0 54.6 454
Pyungan-buk 1,239.3 101.8 87.5 11.9 7.9 3.5 110.8 212.6 17.2 479 52.1
Jagang 1,676.5 7.0 35.7 2.4 5.0 2.5 45.6 52.6 3.1 13.3 86.7
Hwanghae-nam 819.7 146.9 84.5 12.0 9.2 3.1 108.8 255.7 312 57.5 42.5
Hwanghae-buk 8154 58.3 75.6 6.1 8.1 2.7 92.5 150.8 18.5 38.7 61.3
Gangwon 1,108.7 34.0 36.6 33 4.0 1.3 452 79.2 7.1 429 57.1
Hamgyung-nam 1,860.3 60.6 50.1 12.1 5.1 4.1 714 132.0 7.1 459 54.1
Hamgyung-buk 1,673.8 254 494 9.1 6.1 1.8 66.4 91.8 55 27.7 72.3
Yanggang 1,388.8 1.8 5.0 19.8 3.0 9.2 37.0 38.8 2.8 4.6 95.4
Gaesung-si 130.9 34 1.6 0.2 0.0 0.1 1.9 53 4.1 64.2 35.8
Nampo-si 82.9 14.1 4.7 0.7 1.0 0.2 6.6 20.7 25.0 68.1 31.9
Total 12,245.7 574.1 505.7 87.0 57.5 30.9 681.1 1,255.2 10.3 45.7 543
Table 8. Productions of major crops in DPRK (unit: 10° m?)
' Total area Rice Dry field crops Total productions Productions 3per unit  Ratio of. rice  Ratio of dry field
Province (10° ha) (A) B) Maize Potato  Soybean The rest Total (C) (B+C) area (m’/ha) productions productions
(B+C)/A (%, B/(B+C) (%, C/(B+C)
Pyungyang-si 262.9 88.9 41.6 2.4 2.0 0.8 46.8 135.7 0.052 65.5 34.5
Pyungan-nam 1,186.7 383.4 224.6 19.0 9.5 32 256.3 639.7 0.054 59.9 40.1
Pyungan-buk 1,239.3 385.7 3219 28.4 11.6 6.1 368.0 753.7 0.061 51.2 48.8
Jagang 1,676.5 23.6 114.2 5.5 7.2 43 1312 154.8 0.009 152 84.8
Hwanghae-nam 819.7 564.3 320.2 314 16.1 6.3 374.0 938.3 0.114 60.1 39.9
Hwanghae-buk 8154 220.0 256.6 13.6 12.7 6.1 289.0 509.0 0.062 432 56.8
Gangwon 1,108.7 99.0 105.2 6.3 3.8 1.9 117.2 216.2 0.020 45.8 54.2
Hamgyung-nam 1,860.3 197.4 156.2 29.5 7.0 7.2 199.9 3973 0.021 49.7 50.3
Hamgyung-buk 1,673.8 744 1274 23.6 9.5 32 163.7 238.1 0.014 312 68.8
Yanggang 1,388.8 4.0 11.1 70.8 3.9 18.8 104.6 108.6 0.008 3.7 96.3
Gaesung-si 130.9 10.2 5.0 0.5 0.0 0.0 5.5 15.7 0.012 65.0 35.0
Nampo-si 829 60.1 18.5 1.9 1.8 0.2 224 82.5 0.100 72.8 272
Total 12,245.7 2,111.0  1,702.5 2329 85.1 58.1 2,078.6 4,189.6 0.034 50.4 49.6
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Fig. 5. Annual variation of productions for major crops in DPRK (1981~2020)
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