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Characteristics and driving factors analysis of meteorological drought in Liaoning Province based on SPEL//CAO
Yongqiang'* , LI Kexin', REN Bo', YANG Xueting' , ZHOU Shuhan', ZHAO Hui' (1. School of Geographical Sciences
Liaoning Normal University, Dalian 116029, China; 2. Institute of Beijing-Tianjin-Hebei Ecological Civilization
Development, Tianjin Normal University, Tianjin 300387, China)

Abstract: Based on the daily meteorological data from 19 meteorological stations in Liaoning Province from 1970 to 2020,
the standardized precipitation evapotranspiration index ( SPEI) variations at monthly, seasonal and annual scales were
calculated to analyze the spatial and temporal evolution characteristics of meteorological drought in Liaoning Province from
1970 to 2020 and its driving factors. The results show that the SPEI of Liaoning Province from 1970 to 2020 has a clear
cyclical pattern on monthly, seasonal and annual scales, with alternating drought events and an overall development toward
wetting. 1974, 1975 and 2010 are abrupt change years. Spatially, the SPEI distribution is regionally distinct, with
droughts occurring more frequently in western, southern and northern Liaoning, and least frequently in central Liaoning.
Light drought conditions exist in most areas of Liaoning Province throughout the year, and the special drought conditions
only occur in Qingyuan and Zhangwu region. The strongest correlation factors with SPEI in annual and seasonal scales is
precipitation, followed by potential evapotranspiration. ENSO cold and warm events have some influence on drought in
Liaoning Province, and the influence degree of warm events is more obvious.
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A X AR 4 [ K R 24 22 iz L X 2 AR
A5 b X R AR K 3 22, AR 4Bk
PERAFEMA X, BV — B R L2 8RN
I 1970—2020 AR 1L T WA 2R HRE AR
TR ZAE Sy 866. 68 mm , EA I B IE BE
BN ,2004—2013 SRR 22 HE BUEE B R Z T,
FEE PRIk B[] - 1 S #4241, 2013 AR5 S
T BT W R E N TS Rl b,
2004—2008 4F- SPEI-12 &2 B W 15 b FHJ5 T By
PP RIR SRR W 2B RS LT
I A] DB AR I TEZE R 5 SPEL-12
REAAARICER , 5T 1 YA B 7K
BIEMHCR HRARHEER Y SPEI Z M AHEAE K
RS MRHE W FIW IR B AR K, BER
FILTH ARG T 2K N Z BARIR S Y A 7 i —
HorHrhe .

3.2.2 FREAZHE AL SPEI X X %

PL 1970—2020 4745 G2l sl GBI Sl Al
AR R3S S RGE P YRR R T
HEEMBEK R S MRREEE SPEL AKX R
43 514-0. 14 0. 045 0. 1, -0. 527 F10.792, B . 7]
VA A0 IS EZE I 5 SPEL &2 i 3 fUAE ¢
KR, XGRS EEA 2, PRGBS
JRIE K 5 SPEL L IEMISE KR fE4E U |
KRG HE S SPEI AHCHE D, FE/K a5 SPEL AH G
PEf
3.2.3 FREALBEFL SPEI XX &

R 2 s PSIRTEZERE 5 SPEL ¥k
TR R 5 P RGE BR E Z25M4 5 SPEL 2 1EAH
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KF,MEZN 5 SPED 5 7 AH ¢ 6 2 ; SE 4 A R
JETER R 15 SPEL B IFAH G & I TE 25 0
PR E B4 SPEL RIEM KR Bk e R E
1¥5 SPEI 2 IEMC KR, TEERETREKES
SPET AHIGPEY by feiit, A 28 WU I 2, 1 LR /K
I SPEI AR F T & | M H K TR
FEHCR A A JE SPEL I E S W Rz —, FRFE
BAER RS LW RS SPEL BYAH I B TH i, Al
/0N B ) RUBE B AR5 TRV 2R 6 SPETL 1) 52 i B BH
SRS SPEL M SeME4s SHEAE R T ik, Bk E
W A&/, BR L RIRYS SPED 2 IEAH X6
%, BEZEVHXGHE S SPEI 2R LR, FE RN
TR B BRI N A G 2
KATHERE , MFEZ MK IR LS B iz s
I, i 75 XU A X 5, 7K 0 B T L, OF- 2 KGR 5
SPEI A G B/, F ¥ KU A & SPEL =5 &,
SERAHXEEE 5 SPEL MR MR K, 2
5 B EAR DG G R, RIS 2 RH G B K| SPEL {A
PN a ot SN 5
%2 ZFREZSKEZS SPEIWHEXRY

B OPHAR CPHRGE TR WL Mok

#-0.234"  0.113 0.384 ™ 0.765*  0.932*
B -0.117* -0.209 0.178 -0.699*  0.968*
B -0.218 0.121 0.57* 0.656™  0.976*
£ -0.015*  0.122 0.145 0.749*  0.865*

Vs AL 0.01 BEHEREY;  ilid 0.05 BEMEKL
3.2.4 ENSO 4B F#H5 SPEI X %

X5 B S B ENSO 204 1 1 5% i &
JRUEA L R EI) RGa 1  DA T o 3 100 Ay £ AS )
FERIREIE . X 1970—2020 4E ENSO 4 B8 43
BTG 1 54E R BE SPEL 845 570 1L, 45
N2 3 FFK 4 FroR, 2000 4F §i W 348 X5 1% 1Y SPEI
AR -0.127 1,1 T4 Bt k4 T B4k
R 87 A-,2000 AFEFIVR F XTI ) SPEL F-¥{E K
0.1976,iL T8 Bit B ETRIRLI SN 57T A,
X & B, 2000 4EHT ENSO X T2 19 & £ ¥A
SR (L 552 e B g, 2000 4F J 92 S04 6 10 1Y)
SPEI F-#I{H }-0. 1090, 1L T4 Bit &£ TR
iR 75 A, 2000 A S ¥ S5 E XN Y SPEL oF
BIE N 0.4729, 1078 Bt A TR0 5 R
45 4>, AL 2000 4 J5 ENSO B 2485 T 5 7= A4 1)
SR T ENSO ¥4, 1970—2020 4F ENSO ¥ 1%
FER SPEL P YA 578 1E 7 S BN (H X5
F R AR UL TR D i 5 T 58 A i
S3Ai AN Y, H SPEL i H fig i b T 5 2 B, 1970—
2020 4 ENSO g F R SPEL ¥4 {E #8071, Ui iH
ENSO B& AT 748 T 2 — & R W

%3 ENSO BEHXTERZI

FEATE SERAHE SSStE ] SPEL12 fg;jﬁ
19724E5 7 1973 4E3 A 11 -0.90896 18
1976 -9 H 1977 42 H 6 -0.08316 7
1977469 H 1978 4E1 H 5 -0.02782 5
1979 4510 A 1980 4F2 A 5 -0.18289 7
1982 4F4 H 1983 46 H 15 -0.67792 17
1986 4-9 H 1988 4:2 H 18 0.66297 5
1991 4E5 H 1992 4E6 H 14 0.07027 11
1994 4£9 A 19954E3 A 7 0.61993 0
1997 45 4 1998 45 H 13 -0.61674 17
2002 46 A 2003 42 H 9 -0.90729 17
2004 47 H 200542 A 8 -0.15580 11
2006 49 H 2007 41 H 5 -0.069 09 5
2009 47 H 2010 423 H 9 -0.56265 17
2014 411 A 2016 455 A 19 0.16651 18
2018 410 H 2018 4E 12 A 3 0.91406 2
2019 411 A 2020 4E5 A 7 -0. 14898 5

&4 ENSO AEHXTEAZ I

SR gk s seen 8T
197047 H  19724E 1 A 19 -0.11922 12
1973455 H 1974 457 H 15 0.22335 13
1974 10 H 1976 4F4 A 19 0.07926 10
198349 H 1984 4E 1 H 5 -0.01384 6
1984 410 A 1985 4E8 A 11 0.46885 3
1988 45 H 1989 45 H 13 -0.15256 13
1995 48 A 1996 4-3 H 8 0.89742 0
1998 4£7 A 2001 4E2 H 32 -0.46402 19
2005 4E 11 A 2006 453 5 0.46844 0
2007 4E7 F1 2008 4E 6 A 12 -0.06604 8
2008 4 11 A 2009 43 A 5 -0.05052 1
201046 H 2011 45 A 12 1.12818 9
2011 4E7 1 20124E3 A 0.21786 5
2016 48 H 2016 4F 12 H 5 1. 66490 0
2017 410 A 2018 4E3 A 0.88457 3

H LA ENSO B 3K,

G RHT T 4E RUE Y SPEL 5 ENSO 555
JEE 1 FH 51 43 BT, 45 SR R P B A SC R BCH
-0.25 i3 T 0. 05 19 B EPERL K, EDUE T ENSO =
gL T8 TR0 LA, B F & AR
TR AT REMETE K B A SR B RO TR Y
BEABEK . % ENSO SHFiE 510744 SPEI-12 i
7XF LS5 8, /] W, SPEI-12 345 ENSO F{Fik
JER AR, 5 LR Hras R —3,

3.3 i i

B2 3 FE s TREREN S S F4¥
JRUEEY X IR AR T T8 5 B AR AT B I 5T 4
B3 TR RAEMRE B MR (B 6) 5H Kk
SRAECRHI T R LT R R A M E, A
SCRT T RAHE ARG EE AT T RIS 43
TRHIE K Rk MR SR L, 1 R —Fp il H
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6 — ENSO — SPEI-12 )

N A
T

SPEIL-12

ot

ENSOF {38

o N

_‘1‘970 l§80 19I90 20IOO 20I10 202(_)2
AEy
8 ENSO E438E 5 SPEI-12 WX &
S22t B8 SR S IR T B X T R B JE
AR E AR T 5 B0 38 FH 1 45 O DR T SRR
TEFEAT A8 43 B, LSS Hb 1 A T Y AR kR
U,

AL SPEL AH M9 2 T A Z R,
ZHE/PRIESEHER, ERREAARERY
SPEI K&y I, W HHm A5 i T H B XAE 8 S
SPET Y S ; 1R T 1 46 98 T SPEIL 5 K P i
%8l AU IR KPR SR ENSO 22 [H] i AH H.5C
F AR IR 0 A PR 2 X 1 5 1 & A e
PR RIS R R W TR WA ERRE,
R, 7545 B9 il 75 ZE X AR RS TS  F Y
T 5 SRR Il 5 W o A PR R S N2 Bl ) S e s
ARG

4 & it

a. SMA I,1970—2020 4F10 T8 R 2B
TR, RIRI R B Y SPEL I sh A8 {22 K,
PRI AR FRI BRI )UBE B SPET X1 SR AR A R AE LA
AN, SRR A S ELUE s Rk i AR Fn 2 R
SPEI XTI i T2 FAE B &, 4 RUEE SPET H
A MR B R , T AR R R A

b. H[A] [, 1970—2020 4Fi7 T4 SPEI 7£ A ]
] RURE 42 B B 3 %) R S PR AR L B A | B
SPET Fif [8] RUEE (3 K 52 & AR A%k, 52 S 3
AR, TR E I 5 A B, 1974 4F (1975
AEFN 2010 A A FATARE, T ERE B R AR, &=
R R R A AR i G, 4 R8T
Fras,

c. 2500 I, 1970—2020 4FEiL 5245 SPEI & ML
A3AR L PEAE T 5 R AR R e e A TR AR
T HL I TSR AR AR, 2T R R AR AR DL
SRR o AL T AR KER i IX 5 R R AR AR B
15, AT R AR A b X R AR ATRAIR

d. MM EF, 1970—2020 410 744 4E R
J& K72 RJE S SPEL AH &M 5k ¥ A oK 12 Ve
FERCE A DGR 2, AT LA W7 4 K 2 5 9 A 2 i

NILTARTRERIREN AR, ENSO & B3 XL
THTREA—ERW, ROACR RS
OV FX T 5 S MR SR, e A i R R Y
RSN N

SEN W
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