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Analysis of spatio-temporal distribution of drought characteristics
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Abstract: To better understand the spatio-temporal distribution of drought characteristics under climate change
in different time scales in Gansu Province, daily data from 33 meteorological stations for the period of 1951-2015
were used in this study. The standardized precipitation evapotranspiration index (SPEI) was established combining
with Mann-Kendall mutation test, complex wavelet analysis, empirical orthogonal function ( EOF) and rotated em-
pirical orthogonal function (REOF) method to analyse the spatial and temporal patterns of drought in the past 65 a
in Gasnu Province. The results showed that in terms of the inter-annual SPEI changes, it showed a trend to become
humid and then dry, and in recent years the drought trend has gradually increased. On the other hand, it was get-
ting wet from dry firstly and then being dry in all of seasons, especially spring ( P<0.05) from the seasonal per-
spective. The drought coverage and the intensity of drought appeared as the features of the local slight drought and
domain moderate drought mainly at the annual scale in Gansu. In the time cycle, the time periods in Gansu were
39, 13, 7 a and 22 a in turn decrease on periodicity, but it appeared different oscillation of dry and wet in different

time scales. Spatially, the northwestern regions had a humid trend, but it was drier in the southeastern part of Gan-
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su on the contrary. Most regions were getting dry in spring (P<0.05) and winter, and it was similar of dry and wet

zones in summer as well as autumn in terms of spatial distribution. According to the strength of arid sensitivity in

Gansu, it can be divided into 4 sub-regions: Eastern district of southeastern region (1 sub-region) , northwestern

region ( Il sub-region), central region ( Il sub-region) and western district of southeastern region ( IV sub-re-

gion). Drought in Il sub-region was gradually alleviated, and others showed a trend of being drier.

Keywords: drought; SPEI; temporal and spatial characteristics; EOF; REOF; Gansu Province
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EOF REOF
FRUT%E FRE
" ET 2£TT
g R e R ik
Mode 7 Accumulated 7 Accumulated

o Contribution
contribution of

Contribution o
contribution of

of variance , of variance _
variance variance
1 37.61 37.61 15.39 15.39
2 15.80 53.40 13.24 28.64
3 7.75 61.16 13.12 41.76
4 5.85 67.01 12.30 54.06
5 4.69 71.70 10.49 64.55
6 4.08 75.78 7.77 72.33
7 3.51 79.29 5.40 771.72
8 3.05 82.34 4.62 82.34
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Fig.8 Spatial distribution of different drought degrees in Gansu from 1951 to 2015
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Table 1  Verification of drought events and SPEI in Gansu over last decade

&A= B18] Duration

KAFEHE Scale

KERIE Hazard description

FRIELL K28 B £ SPEI

1991 4£ 9 A v f) -
124

1992 4% 3-6 H

1993 4F 4-5 A

1994 4E 5 A )
-6 A )

1995 4% 5-7 H

1996 4 4-6 A

1997 4 5 A F A -
7H

BRSNS I

FIR 208 PR EL IR IR 1 R
K RZ

B B KK

S FSE PR EL TR LRI 1S
H KK KRR

& S IR BT e | P
W 321 ORE Rk
BE B KK

YHIL B (R WG 321 ROK iR
N

L R A X AR R e

MD, some LD to SD

RRES
LD to SD

B TS R R

LD, some MD or SD

FE 10-12 A .- 1.25;1i500 10-12 H . -1.64

U 2-4 7 .-0.78; P41& 3-4 A .-0.72; K

K2-4 A:1.20

W 4-6 H.-1.16

O Ea T e s e G 0 Kk
2000 4% 4-7 1 Lo FREL e Py 31 ROk
2001 4F 5-8 A bA) 4 FRE iR KoK

00O ATH g ek

2005 45 4-6 i g;%%\%%ﬁiﬁﬁlﬂ%ﬁﬁ
2006 45 4-7 A S LR R
2007 25 4—7 A2 IS W e T R
2008 4 6-7 A ST VIE R T R

2009 4 58 G TR T OO U
2011 45 4—6 A gf“ﬁjéi%ﬁ?iﬁi%“ﬁm%\%ﬁﬁ%

hRES VEIE 3-5 A :-1.05; % B.3-5 H .- 1.41;
MD to SD I 3-5 H.-1.47; R/K 3-5 H.-1.27

VEIE 3-6 H.-1.76; FF E 5-7 A .-1.36; I

=1 . ) H )
%ﬂ%} i 5-7 H .~ 1.93; 7506 57 H . —3.08;lf 5. 5
° -7 A .-2.30; KK 5-7 A .-1.48

BE|hR
LD to MD KK 4-6 H:-0.84
RE|ER YEIE 5-7 H =217, 305 5-7 H.-1.62; 74
LD to SD W 5-7 H.-2.77, KK 5-7 H :-1.69
RE|ER HE2-4 H.-1.06; 10 2-4 A .-1.32; K
LD to SD K 2-4 A .:-0.94
RE|ER HE5-7 H.-1.18; i 4-6 H . -1.38; 74
LD to SD g 5-7 H:-1.79; KK 5-7 H:-2.14
B HES HE 5-7 H.-1.55; 008 5-7 A .-1.26; K
LD to SD K 5-7H:-0.75
o E| R
MD 10 SD KK 6-8 H:-1.83
RE|ER
LD to SD HH5-7 H.-1.24
g E R oo ~ i _
MD to SD HH 4-6 H.-2.06; % 4-6 H .-1.81
RE|ER Hoe ~ ~ B
b o SD 8 5-7 H.-1.14;9-11 H.-1.78
BHHEE R 4-6 H.-2.52; 0 5-7 H.-1.66; 74
LD to SD I 4-6 A .-2.07
HhE| R 27 5-7H:-0.97; % 2 6-8 H.-1.54; 74
MD to SD I%5-7 A.-1.82
BRHES HE5-7 H.-1.43; i 6-8 H . -1.43; 74
LD to SD g 5-7 H.-1.13; X/K 6-8 A .-2.18
RE|HE WE 3-5.-2.48,6-8 H .-1.58;Fil5 4-6
LD to SD H.-2.42; KK 4-6 .-2.19

LD BT84 MD . P B+ SD L EEE

Note: LD:Light drought, MD:Moderate drought,SD :Severe drought,ED :Extreme drought.
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