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Spatial and temporal variation characteristics of drought in northwestern Liaoning Province
CAO Yong giang, ZHANG Liang liang,ZHU M ing ming
(S chool of Urban Planning and E nvironmental Science, Liaoning N ormal University, Dalian 116029, China)

Abstract: Based on the basic data of 1971- 2010 at 14 meteorological stations in northwestern Liaoning province, this paper se
lected four indexes (the precipitation anomaly, number of consecutive days without rain, river runoff anomaly, and relative hur
midity) , and obtained the comprehensive drought level characteristic value of northwestern Liaoning province using the variable
fuzzy evaluation method. Then it used the linear trend estimation method and M ann— Kendall test method to analyze the trend
of drought and used the IDW method to analyze the spatial variation characteristics of comprehensive drought. The results show
that the drought is growing significantly more serious. During 1971- 1980, the drought was mostly mild, but was aggravated af
ter the 1980s, and became the most serious during 1981- 1990. The period of 1980- 2010 witnessed a high incidence of severe
droughts but few extremely severe droughts. The drought was more serious and was aggravated with time in the northeast and
southw est of nort hwestern Liaoning province, but was less serious in the central region. Therefore, drought resistance and disas
ter reduction efforts should be mainly concentrated on the northeast and southwest of the region.
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Fig. 1 Distribution of meteorological stations in

northwestern Liaoning province
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Tab. 1 Drought grade evaluation standards

VAR bR A& BETR g - 5 TR KT 5
[ 7K PR T E( % ) (- 20,0] (- 30, - 20] (- 50, - 30] (- 80, - 50] [- 100, - 80]
BT HEU d [0,5) [5,9 [9,14) [ 14, 20) [20,31]
HE o 3 (- 0.4,0] (- 0.65,- 0.4] (- 0.8,- 0.65] (- 0.95,-0.8] [-1,- 0.95]
VAT e K FEE TE (%) (- 10,0] (- 30,- 10] (- 50, - 30] (- 80, - 50] [- 100, - 80]

1.2.2 ¥

Ml v T a0 RORFEAR 0 3 — A
i, A e Fona s BRI I TR), 57 x5 e Z TR
— G H T R R

xi= a+ bti

W SRR —A A5« HGIFIR] e 2k 5%
F, a IRERLHERNAEEL 0 RRINHRE, o F1b —
P B/ L AT At

Manrr Kendall JEZ £k 50323, )2 N H 146 DU
N I I S g e SRR /g R A T LU THEN
ANZ DB A TP S T A Y e
SR TG b 1 X5 A7 AR IS (] e 471 () A A 1
B, SRS BB S5 A RBANL, BRI A Y
FSX P A 46 &, i DR IL VT AL M X 54 i 3 AR
HH TR
1.2.3 REBEREHEE

S B B AR AEL (IDW) S22 T AR I Jid B
(18)— oo FH PR ) 4 (B 73k, DA A 55 A TR) 1)
PR A B AT AL, 30 A o B A AR T
TR . A S0E F% T 306 7 b X
RO T YU EAE, e FEAR AR ) 28 BEAT 27 7] 4
B, I T 0] T4 LI 5] Py 21 1) i 45 SRR AT R EE
B, A BIWE ST X T A5 5 T 5 0 2 ) 22 1k
LA

= 1,2, -y n

2

2.1 THLWRE EESTF FiE 55 B
AESHT

2.1.1 AwITEERT S

ARHER 230 T2 A5 K R 1971 4F— 2010 4F
TR AN T 5 AR B L rp B L R R KT Ve L 4T
40 RIS (8] 70 (AR 40 2 Hr. B UF h g ] B
il 40 FFHEAT B TEHI(E 2( &) ) S H R
g/, BN 1988 SR A P iR 0 05 B 1
P, EFE . 1991 A 545 Ok 2B Ju [l &
7 AR B 45% , S RF MR T 30% . H 1996 FF 2
2010 - 2 A7 2007 A AT F 0GR A, HA F

Y HEBAR T 10%, HAE 14 Ak R B —
AT 54 T VPG Hh DX A I [] P 271 3 P S ]
(B 2(b) ) #IR K, $7E 30% L L. Hid 1982 4E Al
2000 R AEVE /N, A 35 7%, 2010 4F KA 16
BoR, #3592 9% . UF IS os, 55T S %
Mt 3 AN 35, HAN 2000 4FE 4 2010 4F, 4%
TR u EEEG K. T REIEE(E 2(c)) 7E
1971 - 1980 4 2P ) EFHE A, 7E 1980 -

1994 47 23 W (o8N 35, 1994 4F - 1999 4F
PHELRIATF, Z 5B 2004 4EJE HA BT k2 4h, 3
REMBET 15% . 1980 4F 1 5 T Y0l Bk, %
XA 7TASE W I R R A R IEE(E 2
(d)) & 528/ G2 K I, 1971 - 1980
FE TR, 250 30 4R EE TR M% Kk
A, TR AN 15%; 40 4F BAF KT 54 B 2
(e)) AR A, T8 HIE W N s g, A 748
(1972 4F- 11977 4. 1984 4F, 1988 4, 1989 4. 1992
H£.2000 £E) . 1988 4., 2000 44 KT 53 [ it
T 20%,1972 0L T 30%, A5 e ™ E, H4a
(1) 4 TR 7% Ao, WL LAR B/ 345 X 3
B RT5 .

WAKSKT, 1971 FF— 1980 4530 P4 Jbth [X DL
TN, PET RARA N WP L T h2%
18 E TR 220 TR, fbk el o 5 s MOT 4R N B L
T PR A A A, 1980 4F— 2010 42 FJE T 5
R, R TRAOERE, HTFATRESRET
EAE I VY b DX IR e 50N, ok R R,
AR TR A u IS 30% 1 SRS AFE 4 Rl R
AR X HEATHR o BT, A BE A4S 210 P AL X+ 548
I X %X ST 5 AN 2 G T R™
T, 400 1972 41980 4. 1982 4F . 1983 4=.1989
FE.1999 4E, AR LE 20 4 80 HEAVS, HiL T
BARAEY T IR I T I A Y R
75 71 XS A R TG R ARG SR G e
X, FREB X R DL E SRR AR A
2.1.2 AFEITEFREL KA

W 4 A TSI I )55 Ik 2 A1) R AR 22 Tl A of

KX KEIRE < 51 -



F15% K88 # - MRS AR - 20174 2 F

2

Fig.2 Analysis of the scope of drought in northwestern Liaoning province
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Fig.3 Linear trend estimation of the level characteristic value
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Tab.2 Linear trend test of significance
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54237 B 0. 0479 0.16 e
54243  EH 0. 0749 0.38 e
54323 b - 0. 1611 0.97 g
54324 HkH 0. 0905 0.49 I
54326  HP 0.2719 0.71 2
54327 wE 0.2143 0.95 g
54328 W/ 0. 0829 0.57 gk e
54334 X E —0.0478 0.20 e
54335 il - 0.0702 0.36 e
54337 AR - 0.1103 0.73 gk e
54452 @S5 0. 0624 0.76 e
54454  #g 0. 3289 0.98 g
54455 M4k - 0.0845 0.76 e

Ve RFOEIL 0. 05 BEMAT RS, = (AL 0 01 BEHATRL
VU AR AU i e T SO0 AR B
K, ZRACER IR, S 8O0 PV AR RN b i B
AR SR« SCEL N2 A5 1 1) 3593 DI T 572 2 )
A BBV, TR e . g AR At i < 1 2
EFE i AT e i R B S A T D E S C o
ZRAL FRA By FLE D 1EARL, R 94 R P AT AR B E
HIX PR T 15 D0 BN () AR A AT I F AR . e Ah,
S RSB SN U IIPAS Y e DR A T L )
AU, i WZ D T PR A AR s,
RN AR A B

L PG FEHD 5 23 0] A1 i DL T B 2 X1
MBI U R RS W, 2 DX 2R P A A 22,
PHEHIAA oo, 4 AR KR KPR L 7
P SRAAE AL VGBI, S22 U B A A X
AREBBEZKAT O 22, DR G S AR ATDN) 5 e, % T ot 48 3
DCHAEAL T /D RTIRAS T 850 T IX RO ™

4
Fig.4 Spatial distribution and variation trend of drought in

northwestern Liaoning province
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Fig.5 Spatial evolution of drought in

northwestern Liaoning province
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