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Fig. 2 Comparison of observed precipitation from TRMM

and climate stations
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Fig. 3 Temporal patterns of precipitation in DPRK
during 1998-2018
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Fig. 4 Spatial pattern of annual mean precipitation in DPRK
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Fig. 5 Spatial patterns of precipitation in various seasons in DPRK

Rk R Id 200 mm, SRR FRFOKRZHMIX 22—, BB ERN, HrdtEs
B, AL ER R DO R K A R 479.73 mm, 111 g T R R K R 699.32 mm,
FELH I A Xl . KRN ZE KRS b, LK R X R G R i e /), (R
RIS SR AR AL .
2.2 BiER =G
2.2.1 PRI LRAE
ASCHI A 1998—2018 4F- [ TRMM 3B43 H BE/KEE A AR K &, THE A5 5
WK Z P850, FEBLIERE e 4F U A IX IR P850 (1 6) . WIEIT 21 47 134X
WP EIATIEFIRE (F2), 4RMmEF (20014F, 20084F . 20164FEA120184F) K 41K
M5 (20104F . 20124F . 20144FF120154F), IR0 1.5 a/lk . 5 alkF16.7 a/ik.
BEKTARIEF AR PTET 1047, RIFEEAEIESR, (AR B 55 5 0
FEZE T RS AR AT LI 1998—201 8 AR A (1) Zx 15 M 587 70 —AMBBL: (1) 1998—
20014, BKPUAFE]T2A0%, HWRKREINRFEE; (2) 2002—20074F, F@ikAEA
SERE”; (3) 2008—20184F, REid L, HRIHIELLAE T kT
EETHERBER T, WP ET &R, HUCRRBEMARY, HFE AR
PR R AL . BREBREY AT R, HAE2001 RN T, 2755



12 o S FET K ZHE R R K S R I S R E 3057

b. Yk5;

A

F F

EL EL
S5 1% e
22
16
HE T GS(2020)46348 I ARVEIEHS Wit R GS(2020)4634% I SRVEUEHE el

Pl6 s e AR (4 25 ) A

Fig. 6 Spatial patterns of frequency of drought and flood during 1998 to 2018 in DPRK
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Fig. 7 Spatial patterns of frequency of drought and flood in various seasons in DPRK
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Fig. 8 The trend of drought and flood for various seasons in DPRK



3060 H % % | % i 35

X, FEREDFTRAUKFBOIEEZ®ER . b, VR EE M EA BT
AR A = . 2R 76.16% I HL X RE K ZFa50a LT, HorprpdtaR s X THka4a
i, M-KAGIR(EE i 95% A0 B PEAG SR, o B RIS 10.60% 4R SRV I it [X. M-KOARS 56
(I I 99% 1Y MR S0, MK ZHEBUE W DT H, WA e fef v Jb 56 X 2 2
AL BT R AR, (EX S X B m RO L, R A, TS B AR
X ARAEM A P2 B RN o B ZE I EATS LA OK Z 38 800 BTSN £ S, LRI A
BMCF RS, 35D UL M-K K 56 (B0 1 1.96 9 8 E AR SR, B0 AR 122 X Bk
BRI S, HAMX AR S, ek E Ry 2L, FILEREBA
PGB T , R AR XN A S B i, R B G . &TERRK Z R AR
TV R A Y, AR 25.56%, HORFTILAK R a3 i, 454 55
R (517 O o= £ e O R S 1 O T 2 e ) W 7 B =
HIEEC I ARING, FUBEHEOR R, HUTAZ0 R0 SR A A 7= A/

3 e iie

AR SCHET TRMM 3B43 Bk BdlE , RAFEK Z 18 80/E i R o5 e br, WE5E T wfif
19982018 4F- A R K I 2 B5 I 25 A A Sy, X RE K Z A8 8 T M-KOB 3G 56, f5
TE5e:

(1) 3 21 AER e (AR SA K BB 2 1000 mm, SRR b FRs, Bk RE2sh o
ZR At e A L b YV R R ) R e Y . BROKAEAE B B MR IE . L RREOK R A
604.10 mm, 5 AFEREKE57.29% . FBFBKTREK AR T A —80:, mAZERK
b

(2) TEARBRRUEE I, sifef () DX S 07 SR AL F IR RORAS IR KA Mo 52 7 =
fFs TEFWRE B, I SRR E7 A A BMUR iy, HUOR KRS RIRY:, i k4=
FIIREAR . BREMATTREAERCNE, mitsifEkEL .

(3) ZE P02 (B o340 0 A PH S A, S 2R VR Rl 1 L Dk B 5 = D s X
B AZ B R YR E B, R RRCR R, 0 R A IR IR

(4) fEZ5 L, HBREMEAENREEEANE . ERhIiBi X K Z 385 M-K K
B E3E AL 95% 1) S MR B o HLr v ARV VAT e IX M- KRS 56 {3 5 99% 11 S 2 M A 56
ki MR . Bk R R T RV AU SR I B R T e, AR X R R A
il

AR SR B TRMM B8 S0t 9% s i j K R 52965 9 8 1 A 38 U6 . 3 4 TRMM £l
K ZH8 B EE G, /Tl iE 1998—2018 4F (Y LB ARAE , AT LU it Be P i e b £ 7=
AR AES Y R n] RUA P v i 5o 9 TRMM s DA% 5 o 3 Xt i e Al 2k 7= 1Y
TETERZ M . AL 70% ARk AU R, ST fef ARl AR = 2 i I 0 nT RE N
JEL, A R G ) YR SR T BRI AEE P Sl 2 DX Y ROK R R AR, LAt
I F A RO A KU o TR Gl S TR R R, AT TRMM 4L
PEOGHAT T 29 FIE R, Ak Tt 5 A0Sy T A EIRBGE H 4 8dE, DS
FJ311 4 T MG B TRMM B 73 66 A0 35 F P . TRMM BUIEAE — @ FR B _Loikrh Tl feE N T



12 o S FET K ZHE R R K S R I S R E 3061

SR GORBUD R BREE , (HIEH 0.25° M 23 [ 0 BERANIRELAR . ARk AT LA IR 2 m11H
TP AT R EERTST AT R s Jay s IS8 AP A0 507 A oK

2% 3 #f (References):

[1] PARK S, IM J, JANG E. Drought assessment and monitoring through blending of multi-sensor indices using machine
learning approaches for different climate regions. Agricultural and Forest Meteorology, 2016, 216: 157-169.

[2] ME, 2 TR HET TRMM BB A 505 I 2 RpAE 20T AL LA, 2015, 46(5): 252-257. [TIAN M, LIW G.
Analysis of spatial and temporal characteristics of droughtand flood based on TRMM remote sensing data. Transactions
of the CSAM, 2015, 46(5): 252-257.]

[3] SRR, F 3, 24T BT EEMD Y 1470—1911 AR B TR] rp R i b X5 05 9 7 2200 6] RUBERHAE 08T, 1 SR K27
i, 2018, (1): 137-147. [BI S B, SUN L, LI X Y. Characteristics of drought and flood disasters in the middle and lower
reaches of the Yellow River from 1470 to 1911 based on EEMD method. Journal of Natural Disasters, 2018, (1): 137-
147.]

[4] X0, B FE5E, XEHE. 1960—2013 4Fb At R BB (LRHIE B HEZ MR R 4. 11 I8 BTRAHR, 2015, 30(6): 951-962.
[LI S S, YANG S N, LIU X F. The Characteristics of drought-flood variation and its influence factors in Beijing during
1960-2013. Journal of Natural Resources, 2015, 30(6): 951-962.]

[5] FRACH, SEAES-, A% 85 0%, 45 57 B VLI SR /K A8 1k S 505 20 I TB) RUBE A3 A, A AR BRI 31, 2015, 30(5): 836-845.
[DU HM, YAN J P, YANG D X, et al. The distribution of precipitation and multi-temporal scales drought-flood analysis
in the Jialing River Basin. Journal of Natural Resources, 2015, 30(5): 836-845.]

[6] 2= L. 1EY 557 0 1 i 5 W il ik J 55 3055 YL IR0k 2441, 2013, 29(6): 1503-1506. [LI W G. Development and
thoughts of crop droughts and floods monitoring realized by remote sensing technology. Jiangsu Journal of Agriculture
Science, 2013, 29(6): 1503-1506.]

[71 BAYARIJARGAL Y, KARNIELI A, BAYASGLAN M, et al. A comparative study of NOAA-AVHRR derived drought
indices using change vector analysis. Remote Sensing of Environment, 2006, 105(1): 9-22.

[8] QUIRING S M, GANESH S. Evaluating the utility of the Vegetation Condition Index (VCI) for monitoring meteorologi-
cal drought in Texas. Agricultural and Forest Meteorology, 2010, 150(3): 330-339.

[9] Fh3EF-, skigH, YU T NI, 55 BT TRMM FE/K T IE B 142 L 3t X a5 R /K = BEAF RS HAR B IRA2 3R, 2019,
34(3): 646-657. [SUN M P, ZHANG H Y, GONG N G, et al. Study on maximum precipitation height zone in Qilian
Mountains area based on TRMM Precipitaion data. Journal of Natural Researces, 2019, 34(3): 646-657.]

[10] SUF, HONG Y, LETTENMAIER D P. Evaluation of TRMM multisatellite precipitation analysis (TMPA) and its utility

in hydrologic prediction in the La Plata Basin. Journal of Hydrometeorology, 2007, 9(4): 622-640.

HUFFMAN G J, ADLER R F, BOLVIN D T. The TRMM multi-satellite precipitation analysis (TMPA). Journal of Hy-

drometeorology, 2010, 8(1): 3-22.

[12] ZOCHE, W R e, EAS. 56T 3 — LBk GO v [ 3 B KRR E 23 BT, 1 SR BRI 241, 2016, 31(6): 1015-1026.
[WU W B, YOU Q L, WANG D. Characteristics of extreme precipitation in China based on homogenized precipitation
data. Journal of Natural Resources, 2016, 31(6): 1015-1026.]

[13] ALMAZROUI M. Calibration of TRMM rainfall climatology over Saudi Arabia during 1998-2009. Atmospheric Re-
search, 2011, 99(3-4): 400-414.

[14] EREAR, B A T EHL T 50 45 T R AL RRIE. M2 2%, 2003, 58(s1): 61-68. [WANG Z W, ZHAI P M. Climate
change in drought over Northen China during 1950-2000. Acta Geographica Sinica, 2003, 58(s1): 61-68.]

[15] ZRLT% YTARLT, B30T, T 40 A8 ORI bl 52 o5 () S 78 Ak, bRl 2007, 27(6): 801-807. [LI H J, JIANG
Z H, WEI W S. Drought and flood change of Tarim River Basin in recent 40 years. Scientia Geographica Sinica, 2007,
27(6): 801-807.]

[16] T, kA, S, 55 AN2HE SRR sy ek . [ AR BER 2441, 2013, 28(6): 1070-1082. [XING
Z Q,YAN D H, LU F, et al. Advances in the study of anthropogenic effects on the droughtand flood events. Journal of
Natural Resources, 2013, 28(6): 1070-1082.]

[11

—



3062 H % % | % i 35

[17] fu[¥a %, BRIEZ:, PRELARE. ARV S0 47587 I 25 S AR RRAE. HiBEAL2E, 2014, 34(11): 1391-1398. [HE Y H, CHEN
X H, LIN K R. Characteristic of the spatio-temporal distribution of droughts and floods in the Dongjiang Basin in re-
cent 50 years. Scientia Geographica Sinica, 2014, 34(11): 1391-1398.]

[18] sZttEk, XIB R, PN, X i SR A iU oe i J. rp [E B2 HBEREL2E, 2012, 27(9): 1301-1316. [PENG S Q,
LIU D L, SUN Z B. Recent advances in regional air-sea coupled models. Science China: Earth Sciences. 2012, 27(9):
1301-1316.]

[19] 50K, EHH, L. CMIPS Z B0 g ff T SIS BiAh. T2 X B RS FREE, 2016, 30(12): 95-102. [JING C,
WANG Y J, JIANG T. Simulation and estimation of droughts in North Korea by CMIP5 multi-model ensembles. Jour-
nal of Arid Land Resources and Environment, 2016, 30(12): 95-102.]

[20] ARG, FURA, BEZ, 45 HT TRMM B 10 L AR 4 1 5 i S HonT S M 06y, ARl TR 41, 2012, 28(2): 121-
126. [DU L T, TIAN Q J, HUANG Y, et al. Drought monitoring based on TRMM data and its reliability validation in
Shandong province.Transactions of the CSAE, 2012, 28(2): 121-126.]

[21] E. WIEEAAANEYHR AL SO B AR 8 . K& AR ILIIFER %, 2012. [WANG L. The crop yield estimation
and evaluation for potential grain productivity in North Korea. Changchun: Northeast Normal University, 2012.]

[22] X/, XA, KL, S TRMM F/K B0 76 AR b b DX AR B2 30AE 5 L. 1 AR %R 2% 41, 2015, 30(6): 1047-
1056. [LIU X C, ZHAO J J, ZHANG H Y, et al. Accuracy validation and application of TRMM precipitation data in
Northeast China. Journal of Natural Resources, 2015, 30(6): 1047-1056.]

[23] ZEWFEE, 4 B AR, F2E, 2. i 455 1 X TRMM T [ 19 5008 0oRS B 1o, 107 FH AR 2524417, 2014, 25(11): 3296-
3306. [CAI'Y C, JIN C J, WANG A Z, et al. Accuracy evaluation of the TRMM satellite-based precipitation data over
the mid-high latitudes. Chinese Journal of Applied Ecology, 2014, 25(11): 3296-3306.]

[24] 25N, AR20 N, BERRIG. T TRMM B I DI Z S8R0 22 19 U Sl 10 4 S Bk A BB, 2010,
32(6): 1103-1110. [LIJ G, LI J R, HUANG S F. Characteristics of the recent 10-year flood/drought over the Dongting
Lake Basin based on TRMM precipitation data and regional integrated Z-Index. Resources Science, 2010, 32(6): 1103-
1110.]

[25] faf3, Frubom, 2295, LT Z 850 B i b uimrge. susk 5 FREE, 2015, 43(1): 71-79. [HE P, BAI H Q, LI J X. Re-
search of flooding based on Z index in Kunming city. Earth and Environment, 2015, 43(1): 71-79.]

[26] ZlE, FO U8, THAEL. 36T GIS FVTIE S /K I Hb X 55 9 F I 45 43 Hr. 7K 3L, 2007, 27(6): 36-38. [YUAN Y, WANG
XY, LEI N Z. Analysis of spatial-temporal characteristics of flood and drought in the divide watershed between the riv-
ers of Yangtze and Huaihe Based on GIS. Journal of China Hydrology, 2007, 27(6): 36-38.]

[27] ¥AE, 1 Bt RN AE. 1] Bl 555 4 b i S R X3 505 RO R0 3 O B 2. B R4 241k, 1997, 8(1): 26-33.
[JU X' S, YANG X W, CHEN L J. Research on determin ation of station indexes and division of regional flood/drought
grades in China. Journal of Applied Meteorological Science, 1997, 8(1): 26-33.]

[28] DOUGLAS E M, VOGEL R M, KROLL C N. Trends in floods and low flows in the United States: Impact of spatial cor-
relation. Journal of Hydrology, 2000, 240(1): 90-105.

[29] MODARRES R, VDEPRDA S. Rainfall trends in arid and semi-arid regions of Iran. Journal of Arid Environments,
2007, 70(2): 344-355.

[30] Z=iz NI, fTiA, 2255, HT SPEI I SDI4E UMY 2= M LI L B G K ST B AR 73 B, MR 0E 5%, 2016, 35(6):
758-767. [L1Y G, HE J Q, LI X. Hydrological and meteorological droughts in the Red River Basin of Yunnan province
based on SPEI and SDI Indices. Progress in Geography, 2016, 35(6): 758-767.]

[31] BPERE, B3, P, 2F. 2000 45 LUK S A A w0 1 S 5 S R 7 BOAR OGERIESE. T A IX MBI, 2017, 40(4):
839-849. [QI D K, NAN Y, SUN B Y, et al. Changes of vegetation coverage and its relationship with climate factors in
North Korea since 2000. Arid Land Geography, 2017, 40(4): 839-849.]



12 o S FET K ZHE R R K S R I S R E 3063

Spatiotemporal patterns of precipitation and drought and flood
using Z-index in Democratic People's Republic of Korea

FEI Long', DENG Guo-rong’, ZHANG Hong-yan’, GUO Xiao-yi’, WANG Xiao-dong'
(1. School of Geographical Sciences, Changchun Normal University, Changchun 130032, China; 2. School of
Geographical Sciences, Northeast Normal University, Changchun 130024, China)

Abstract: Drought and flood are the main agrometeorological disasters in the Democratic
People's Republic of Korea (DPRK), which have great influences on the growth of the crops
and directly affect grain yield. The level of agricultural production is low because of
insufficient investment and poor irrigation installation. Drought and flood are prone to a
reduction in grain yield in DPRK. The food security issue in DPRK is not only related to this
country's domestic stability but also related to the geo-security in Northeast Asia. Therefore,
understanding the spatial and temporal patterns of drought and flood is very important for
preventing disasters in this country. In this study, the Tropical Rainfall Measuring Mission
(TRMM) 3B43 time series dataset was used to reveal the spatial and temporal patterns of
drought and flood in DPRK from 1998 to 2018. The drought and flood levels were developed
by a Z-index. In addition, the trend of Z-index is tested by the Mann-Kendall (M-K) method.
The result shows that the precipitation in the study area has an obvious seasonal pattern, with
more than 57.29% of the rainfall concentrated in summer, and only 6.90% in winter. The
precipitation in spring is slightly higher than that in autumn. Both interannual and seasonal
precipitation show increasing trends during the study period. The spatial pattern of precipitation
increases from the northeast to the southeast along the coastline. Generally, the regional
comprehensive drought and flood levels in DPRK are normal at the national scale. Moderate
drought and flood levels occur most frequently, followed by severe drought and flood, and the
frequency of extreme drought and flood eventd is the lowest. The floods frequently occur in
autumn, and droughts frequently occur in summer and winter. The frequency of drought and
flood events appear in the north of DPRK, particularly in Hamgyeong Mountains and the
Gaema Plateau. Flood intensity shows an increasing trend in spring, summer, and autumn,
while drought and flood level tended to be normal in winter. The central and northern regions
passed the significance of 95%. It is expected that the trend of drought and flood in DPRK will
be consistent in future. The results of the study provide a unique insight for understanding the
agricultural production in DPRK.
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