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Characteristics of Spatial and Temporal Distribution of Drought in
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Station s China Institute of Water Resources and Hydropower Research s Beijing 100038, China)

Abstract: [ Objective] The aims of this study are to identify drought events, drought frequency and drought
intensity in grassland of Xilin Gol, to understand the meteorological drought field in Xilin Gol, and then to
alleviate the environmental and economic problems caused by drought in Xilin Gol. [ Methods ] The month-
by-month observation data of nine meteorological stations in Xilin Gol region from 1969 to 2018 were selected
to calculate the effective drought index (EDI). The spatial and temporal patterns of drought in Xilin Gol over
the past 60 years were analyzed by combining Mann-Kendall test, empirical orthogonal function (EOF)
decomposition and quantitative drought characterization methods. [ Results] The annual average EDI index of
Xilin Gol region decreased at the rate of 0.029/decade, and the drought trend increased significantly, with an
average of 0.5 drought events per year. The frequency of normal occurrences in Xilin Gol ranged from 67.17
to 72.65% , and the frequency of severe droughts ranged from 0.02 to 0.99% , with a large variability in the
frequency of different droughts, and the southwest and central regions being the regions with higher drought
intensity. Contribution of variances of the previous two major characteristic vectors of Xilin Gol reached up to
52.75% and 14.38% , respectively, and the spatial mode showed a consistent type and southeast-northwest
inversion phase type. [ Conclusion] EDI index considering effective precipitation has more advantages in

revealing the spatiotemporal variation trend of drought in grassland, and can be used to identify the spatio-
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temporal variation of meteorological drought.
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Fig.1 Distribution of meteorological stations in the study area and variation of monthly rainfall time at

different meteorological stations during 1969 —2018



55 2 1] B 4G A AT SR B 48 R 8 T R 25 A R AE 415
1.2 ﬁ*E;EﬂE S/\,Zirz” k:2539"'7n (4)
1969—2018 4F 9 NS vk iy A K™ 24 (K !
L . . 1 N 74 ,'> ‘]
IBXKATEHERIZHFEILS L, ri= Tl Ha>a G=1,2,%41) (5)

1.3 BRTEEHY

EDI J& i A #f% 7K (effective precipitation, EP)
AR 2 M) T SRR 8 ) 0 AR L AT A R
K E XY R e T — R B 0% i A
k8RR R ARSI ) A R BT B AR BIESE R
M EDL 5 #an 't .

A BT R KA A I KRR R — 4 [
W2 18 T T 28 R A A ARk

EP,, =X ((XP,)/n) (1)
n=1 m=1

X EP N A 233K & P, HiZH i m A H
(IR 7K A s ST — A RS2 8] 50 Ry 5 e i R
I, WIAR(E A 12 A H R KRR Zemt R . BRI, 58
PR T B 48 B2 K I IR 22 HOR TR — 48 il 4, fn
Be—AH N REE 100 mm, IBA XA H BT
It B I ] A 1S 2 B s>, 12 A H R 30 0 mm,
HUG R A R A 2K 5 30 a A 71
AR T 2 [ 22 (R S AT
DEP=EP—MEP (2)
A MEP 4 &4~ A 17 A 28 K &5 DEP 8 H
R A K S5 30 a [A 917 X4 S50 R i 2 18] Y
ZE(H.
EDI=DEP/ST(DEP) (€D
A rh EDI N A 8T S48 %0 ST (DEP) A 2347 5%
WK B 5 30 a [l 3911 XA 280 W Tk 22 ) 2 (L9 s
7. DEP f{HA/RIX A BCFWOR U b+ 5. Wk
DEP %22 ) iy A Bod it 12 A~ H W &35 A =
(DMK ) TR I Deo 7 2 H 1 EDI
SPRITEIAT PR GR D BRI Z A ] S
A {H ¥ (inverse distance weight, IDW) &L T T 5
FEPF T R T 5 A 23 18] 0 A RRAE
%1 EDIH¥EE
Table 1 EDI classification threshold

Y EDI {4
E# —1<<EDI<1
BRETR —1.5<EDI<—1
hET R —2<<EDI<—1.5

TR EDI<<—2

1.4 Mann-Kendall #8136 %

XEFRAE N 7 BIRRF S X = {212, 0000, } 1)
W PFI AR S, .Sy AFEARS | IFZ2IEUE KT j 1 Zl
B B4

0 B 1‘1<1’j
e sk a] 2 51 X B ML H 3k S, 3T B A IE 25 43
1 LGt UF R .

S, —E(S,)
UF,=—— k=1,2,yn (6)
Jvar(S,)
Var(sk):k(k—l)(2k+5) o
72
—1
E(Sk)Zk(k4 ) (8)

K E (S M var (S, 4351 Ry B FLER ) 35 18 Fn
% UF MARMEIE S0
1.5 ZRWELZRESE

2800 T A2 BREU i T AN 2 26 1+ AR B gk
oy R TR B B 23 BT L IR T PR B DL

T oz e xL
Xowsn = I:ZI I:Z2 T) 2
B
Ao LI 500 Ay B[] 9104 2
2 H#REHW

21 FEERTARRTHRD

BIRFB AR -3 EDI B2 9 DR A HAEE 1
VI AR B A S o A B AR A e X, B
R e FrE, NI 2A TTLLFE L 1969—2018 4E,
BRI B M IX [ 4E - 24 EDI #5844 0.029/10 a 43
JET R, TR BA B, 78 1980—2000 4F EDI
H—W KT 0, T —AF2 & my B, i 7E 1970—
1980 AEAZ Ak I+ 43 il 24, 156 BH 5 B B[] 18 58 % L
BT, BIKKEE,EDI B FEAE—1.5~1.5, 4
MRERH 19692018 4B B4 LKA 0.5 IRTF &
2 2 a — Wk, Hod 2000 4R W KR A
BUEBURBHRZ, L 2.3 K,

2B B AR A AT R R MK R g 45 4L,
B BT AT 1, 19692000 4F 3 — B i) B 1 1 22 4% th B, 1F
Fealili £k UF 507 50l UB 4 6 4~58 4, Bl 1972
41974 4F 1978 4 .,1980 4.1990 4E LA 2 1995 4, SR T
XUERE AR A T 0.05 WE Lk, dE—HaE i s ¢
R AR 1995 4F R BE ISR AR 4E . 1995 4E Y EDI
H A 0.78, 2000 4ELLJ5 FE R+ 519,
22 FEMZTEDMEFLE

FH T 3 AT B MRS TE A 2B AR Ry 67.17 06 ~



416 S ol T S 1

o531 %

72.65% AR EIBERE N 0.02%~0.99% , & AR T
RN RS 2N Y 7 N1 ) R N [ N A e
By RAET B R R RS i s AR A R A T 5
(1R A0 R ARG, — MBI O W b 3 SR 0 3 K T AR

A

1 o
a
=
] 0 5
H— 11
b ]

1 F

----- $=-0.0029x+0.0961 p<<0.05
2 1 I3 a?%%qz?gﬁ 1 J
1970 1980 1990 2000 2010 2020
£

AR B B A s AR . R RS i My £
TEARAZ S Ty M RIS HRIRRF I 5 B0 5 00 25 e 1) b 07 32 8
TE 2 A BT 5 B2 5000 5 A M 7 2 B A 2 AE I 0
R o AR T ARG b BN R B 7 .

B

2
i
£ 0
®

2

UF
— — 0.05BFEKF
_4I 1 1 1 1 ]
1970 1980 1990 2000 2010 2020
F &

2 1969—2018 FHH T RI5 A B T 4HFE BB T F 5 8 Mann-Kendall 138
Fig. 2 Temporal variation of effective drought index and Mann-Kendall test of effective drought index during 1969—2018
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Fig. 5 Spatial distribution results of drought trends in different months



% 239

B A T T A R B A A T I S 0 A A 419

K2 GWNBHEARTRIELH EOF 2 2E
B 5 4N HF4E [ 2 5Tk 2R
Table 2 Contribution rate of the first 5 eigenvectors to EOF

decomposition of Xilin Gol annual effective drought index

- 7?% %4‘”7‘729: %ﬂ:ifﬁ
BUERAR/ 0 TTERR/ Y IRZEVH
1 1.76 52.75 52.75 0.93  2.59
2 0.48 14.38 67.13 0.25  0.70
3 0.32 9.60 76.73 0.16  0.47
4 0.22 6.76 83.49 0.11  0.33
5 0.17 5.32 88.81 0.09  0.26

W — RS EF 5 AT LUE (B 7TA) L BIR 2R
R H U HJE 2000—2010 45K 4001 2, HibR i 22 0
134 IZBEEEAT B R MECE , NASINAER 15 DL E
1970 41992 4F 1998 4F 8 K T 1.34, A] DL 150 B i 46
AR AR L 2001 4F 2005 4F 2006 42007 4
2011 4F RN RS /NF — 1,34, T4 ™ &, 5

TR ET A R E TR 7B bR %=
H+0.70. AN A AE 4y B . 1989 4. 1990 4. 2001 4F
A ] e 51 28 32 K T 0. 84 . AH X YR I L SR 1973 4
1975 4E 1976 4E 1979 4E 1996 4. 2009 4E,2010 4F
BFEF SN T —0.70, 8 T 5. (R LK ERKIM)
MIIE KA 1975 4F 1976 4F,1979 4£,2009 44,2010
AR 15 Ry B AR SR T B T AR

Bl 6 EDIEHHTERNZREER
Fig. 6 Temporal and spatial modal results of

drought in EDI index

i Al & B

$=0.011x-0.286
R=0.053 p<<0.05

_3 1 1 1 1 1 o
1970 1980 1990 2000 2010 2020
F 4

B 7 1969—2018 £ EDI BIHT 2 45 1E 15 2 A7 33 52 A9 B 18l R
Fig. 7 Time coefficients corresponding to the first two eigenvectors of EDI during 1969—2018

3 -
2 -
g 1T
W&
E O
=L
2 r »=-0.018x+0.479
3 . R’=0.041I p<0.05 . . J
1970 1980 1990 2000 2010 2020
£ 4
R I o

PN 5 vy B P B8l Ml X8 A B2 3 XU i 2
By AR M DX K TR BT+ LAR BB s> VAR T 5
B0 B R (H R MR B 5k JRE AT SR AR
WEAL R /K 26 BlRs BT 5% T 5% I 23 20 A R AR 1 45 2R K
FOAHIE . BIARER Y+ 59 BB S R S
HoorAn A — ZrE A HF i T 5 B i B 32 28 B
TEA R RN Z = B 2 B AT ) B0 5, T
AR T B2k 2 Y X g i T AR 9
HLLG T 2= Bk, 32 2 76 XUPR I A4 42 11 . [] B 9 4
B T R AR KR R A A SRR . AR S
i R A S A A5 A B bR T A — BB R R
P — PG AU RS AR BT 50 A A R X5 gk 2 RS
PRI B AR B — B S S5 R AR — B B
e AE AR A I K 5 5 22 DTk R 9 R B BT AT L Al g
AT REENERS TR RNER AR SR,
EDI 5 K i 98 1T DL e B3 AR 58 88 1) i 2 A8 A R AIE L (H

J& EDI A7 AE — SR &, EDI DL B K B AE y Bcd
FER AN RE B X I 0 T 5 3 Y R ek B OB, o H
T2 MR BR A AL,

4 %

(1) 19692018 4F , 8 MR 36 i b X 19 47 F- 34 EDI
FEECL) 0.029/10 a By HEBE TR, T RS0 B 3g o,
TE 19701980 4 EDI {H A8 1k 143 Rl 1, Ui B 3 Bt bt
TR e, FYREELELE 0.5 RTRSE
FFH 2y 2 a — ik, Hd 2000 48l 58 i, &4
BUERMU LR Z I 2.3 K,

(2) BRI EH KA AWAAE 67.17 % ~T72.65%%
K R RAE 0.02% ~0.99 % . P 1 L 2
T 5 R A e A DX

(3) BRI AEBEA Dy Lo 1—3 A H 9—
12 79l SRR TR s m4—8 HEEA T 2
P, AR, o 10 A 6y i R R Rk
FHR—0.127/10 a;2 H 4 T RS am /N bR



420

= T S 0/

o531 %

—0.091/10 a, M EDI 840 M-K #& #4656 45 R % A
) H A AS Rl o5 2 5t TSl 5 H 12,03 %,

(4) B MR By T 5% I 23 A2 5 ) 3 A 22 3 — 3

BTN — VUL B A AR R

2 % LK (References) :
(1] BRTET . 25HE, s, 45 5 b T 52 XA AR A X /K SOK %

(2]

[3]

(4]

(5]

[6]

7]

[8]

IR MBI T R ) . R4 . 2014, 69(9) : 1295-1304.

Chen Y N, LiZ, Fan Y T, et al. Research progress on
the impact of climate change on water resources in the
arid region of Northwest China[]J]. Acta Geographica
Sinica, 2014,69(9):1295-1304.

255 R, A AR A5 7 A X B AR R H R 5
WFFELER LT ] [ e A i, 2018, 34(25) : 145-152.

Li X Z, Zhao F, Lin W N. Impacts of climate change on
growth and development of pasture: A review[]]. Chinese
Agricultural Science Bulletin, 2018,34(25) :145-152.

ARER, EOLIE L M. T R T RREMAES RS 1K
IR BT [T ] AR 25741 . 2016..36 (1) :3127-3136.

Zou H, Gao G Y, Fu B J. The relationship between
grassland ecosystem and soil water in arid and semiarid
areas: A review[ ]J]. Acta Ecologica Sinica, 2016, 36
(11):3127-3136.

TR 22 RO L SRR AR SR T T REMT
FEHE AU AL 5548 B S L) ] s Bk B 2 e L 201429
(1) :80-91.

Zhang Q. Han L. Y, Zhang L. Y. et al. Analysis on the
character and management strategy of drought disaster
and risk under the climatic warming[]]. Advances in
Earth Science, 2014,29(1):80-91.

R A EOCH BT K S R H AR N S5
i DT FARAELT LT 5 BT FE 5 2019, 36 (4) £ 943-952.

Wu Y J, Li W, Wang W ], et al. Drought characteristics in
inner Mongolia based on precipitation anomaly percentage[ J].
Arid Zone Research, 2019,36(4) :943-952.

PSF L FE 24, T4 55 35 T SPEL (1) B it 3% 2 B[R] R
R A A BT [T 1K LR RIS, 2022,29(1)  231-241.
Liang S Z, Sui X Y, Wang M, et al. Multiple time
scales analysis of dryness and wetness changes of the
Yellow River Basin in the past 50 years based on SPEI
data[ J]. Research of Soil and Water Conservation,
2022,29(1):231-241.

Wr— Pt AT AL A, TR K 48 B T SPI/SPET 48 80 7R L
Hb DX 22 ) RUBE T 528 AL e AE XS e 43 [T ). T 5 XA
5%,2017,34(6) :1250-1262.

Xu Y D, Ren CY, Ma X D, et al. Change of drought at
multiple temporal scales based on SPI/SPEI in Northeast
Chinal J]. Arid Zone Research, 2017,34(6):1250-1262.
SRR, JE 62 45 kB B, 55 3L T SPL WA 3
5 T W AR A S T B2 A i A A R R E B SR [T AR S
24 ,2017,37(3) :996-1007.

Zhang L. L., Zhou ] J, Zhang H W, et al. Temporal and

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

spatial patterns of climate drought-wet and drought
event based on Standard Precipitation Index in Shiyang
River Basin[ J]. Acta Ecologica Sinica, 2017, 37 (3):
996-1007.
TRER I O AR RUBL, ST o AL B K 25 AR B0
AP DR BE J T R ARG RRAE B a5 i [T A & 2= 4l
2019,39(19):7110-7123.
Zhang Q, Tang H P, Cui F Q, et al. SPEI-based analy-
sis of drought characteristics and trends in Hulun Buir
grassland[ J]. Acta Ecologica Sinica, 2019, 39 (19):
7110-7123.
b S L 68 ¥ 0 R i . SPET 48 B7e b B AR L IX T
BT R IE RS B L] A A S 4R, 2017, 37 (11D
3787-3795.
Shen G Q. Zheng H F, Lei Z F. Applicability analysis
of SPEI for drought research in Northeast Chinal[]J].
Acta Ecologica Sinica, 2017,37(11) :3787-3795.
KT FRLAR R B HE. 5T SPET #9387 58 T S 25 748
RFAELT ] T 5 X BF5E . 2016, 33(2) : 338-344.
Xuan J] W, Zheng ] H, Liu Z H. SPEIl-based spatio-
temporal variation of drought in Xinjiang [ J]. Arid
Zone Research, 2016,33(2) :338-344.
Tsakiris G, Pangalou D, Vangelis H. Regional drought
assessment based on the reconnaissance drought index
(RDD [J]. Water Resources Management, 2007, 21
(5):821-833.
TYICA S BR A Bk 5 57 AL S8 5K K 4 b T R s R AL
MELT]. T S X #F5E,2018,35(2) :387-394.
Yin W J, Zhang M L., Hu L T. Spatiotemporal varia-
tion of drought in the Qaidam Basin[J]. Arid Zone
Research, 2018,35(2) :387-394.
Kim D W, Byun H R, Choi K S. Evaluation, modifi-
cation, and application of the Effective Drought Index
to 200-Year drought climatology of Seoul, Koreal J].
Journal of Hydrology. 2009,378(1/2) :1-12.
SIS L Tk 5 L 4R 3T SPET 48 B0A% ik T 7 8 T 5
I 23 AR AR AR S W WS L) . A4 455 4k, 2019, 39(10)
3643-3654.
Xia M, Sun P, Zhang Q. et al. Temporal and spatial
characteristic of drought in Huai River Basin based on
standardized precipitation evapotranspiration index[ ] ].
Acta Ecologica Sinica, 2019,39(10) :3643-3654.
ZIE KRR, A K E AR LR K AR BT A T B4R
BB 3 T 5 W g LT ] K B R AR, 2015, 31
(2):7-14.
Ci H, Zhang Q. Bai Y G, et al. Application of stand-
ardized precipitation index and effective drought index
in drought monitoring in Xinjiang[ J]. Water Resources
Protection, 2015,31(2):7-14.
Deo R C, Byun H R, Adamowski J F, et al. Applica-

tion of effective drought index for quantification of



% 239

B A T T A R B A A T I S 0 A A 421

(18]

(19]

[20]

(21]

[22]

meteorological drought events: A case study in Aus-
tralia[ J]. Theoretical and Applied Climatology, 2017,
128(1):359-379.

Kamruzzaman M, Hwang S, Cho J, et al. Evaluating
the spatiotemporal characteristics of agricultural drought in
Bangladesh using effective drought index[]]. Water, 2019,
11(12) . 2437.

Ma Q Y, Zhang ] Q, Sun C Y, et al. Drought charac-
teristics and prediction during pasture growing season
in Xilingol grassland, Northern Chinal[J]. Theoretical
and Applied Climatology, 2018.,133(1):165-178.
JHBL. E R EE T EOF A9 3 8k 5 28 20 A
AW 5E LT ] PG AL RARFL B R 24 e« A AR 22 . 2020,
48(1) :146-154.

Zhou K, Wang Y M. Temporal and spatial distribution
of drought in the Weihe River Basin based on EOF[]].
Journal A&F University:
Science Edition, 2020,48(1) :146-154.
Huang J, Sun S L., Xue Y, et al. Changing character-

of Northwest Natural

istics of precipitation during 1960—2012 in Inner Mon-
golia, Northern Chinal[ J]. Meteorology and Atmos-
pheric Physics, 2015,127(3) :257-271.

[ 70 - o o I R N A A S = L ES e )
TR X R K B IR A AR AR AR 2 AT [T ] Rk TR AR,
2015,31(12):99-110.

[23]

[24]

[25]

Gao ] Q, Yang X G, Dong C Y, et al. Precipitation resource
changed characteristics in arid and humid regions in
Northern China with climate changes[J]. Transactions
of the Chinese Society of Agricultural Engineering,
2015,31(12):99-110.

TR MLE VAR IR B TR OK 22 R R B 1960—
2015 £E P 5l T 5 25 FRAE LD ] Al TR 2 4, 2017,
33(15):190-199.

Zhang X T, Pan X B, Xu L. et al. Analysis of spatio-
temporal distribution of drought characteristics based
on SPEI in Inner Mongolia during 1960—2015[]].
Transactions of the Chinese Society of Agricultural
Engineering, 2017,33(15) :190-199.

Li W, Duan L M, Wang W J, et al. Spatiotemporal
characteristics of drought in a semi-arid grassland over
the past 56 years based on the Standardized Precipitati-
on Index[]]. Meteorology and Atmospheric Physics,
2021,133(1) :41-54.

IR XV, T 2010, 55 56 TR e AL R K 48 B 8
AERE T PR AE 2 B LT ] A AR R E 4, 2015, 24
(5):119-128.

Zhang Q F, Liu G X, Yu H B, et al. Analysis of
drought characteristics in Xilingol League based on
standardized precipitation index[ ] ]. Journal of Natural

Disasters, 2015,24(5) :119-128.

IOOVOVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAV

(LBF 412 )

[23]

[24]

[25]

[26]

B AR AN BT SR T R = AR s A B ) A Ak B H
XA R G55 152w [T, 7K B AR 5 3 5, 2023, 30
(3):430-439.

Li K, Hou Y, Fu Q. et al. Synergistic changes of produc-
tion-living-ecological space and their influences on ecosystem
services in the metropolitan area[ J ]. Research of Soil and
Water Conservation, 2023,30(3) :430-439.

X gk 00 2 Bl 224 B B =R S ) R R
g 2 A% JR 23 [0, M B 22412 . 2017, 72(7) : 1290-1304.
LiuJ L, LiuY S, Li Y R. Classification evaluation and
spatial-temporal analysis of “production-living-ecologi-
cal” spaces in China [J]. Acta Geographica Sinica,
2017,72(7) :1290-1304.

W HCAE T 0n  5HE 6L SF Mk kR R e S b
Wb % SR L) ] IR AR, 2015,37(5) :891-899.
Chen Q S, Yu W], Zhang Y F, et al. Mining develop-
ment cycle theory and development trends in Chinese
mining[J]. Resources Sciences 2015,37(5) :891-899.
Mg SR L 2R 5 A A R A Tl XA = AR
[F] o 9 1 25 A RF AIE 43 A - DA VD A B X O 41 [T .

[27]

[28]

i EEBEE,2022,43(3) :55-60,98.

Mei SY, LiBZ, Yi H]J, et al. The spatio-temporal evolu-
tion characteristics of spatial conflict between production-
living-ecological spaces in rapidly urbanized regions: A
case study of Zhenhai District in Zhejiang Province[ ] ].
Shanghai Land & Resources, 2022,43(3):55-60,98.
FASE T B R AR R = AR A A S
5o BE 5 L) ] R 35 TRE H R 2 4, 2023, 13 (1)
386-393.

Wang Z W, Wei Y, Li S, et al. Spatio-temporal evolution
and conflict measurement of ecological-production-living
spaces in Jiaodong Peninsula[J]. Journal of Environmental
Engineering Technology , 2023,13(1) :386-393.

g ORI BB HS-ESERUM T RE S
X 3t ) JH b 58 22 i ML D 52 LT ). Bk, 2018, 27
(5):13-18,32.

LiZ. Song Z J, Yang J. Study on the reliel mechanism
of land use conflict in mine-grain mixed zone from the
perspective of social-ecological system[J]. China Min-

ing Magazine, 2018,27(5):13-18,32.





