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Drought Characteristics of Haihe Plain Based on
SPI and Cloud Model
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Abstract; According to the daily precipitation of 20 meteorological stations in Haihe Plain from 1955 to
2019, the standardized precipitation index ( SPI) on annual scale and seasonal scale was calculated, and
the drought frequency and spatial and temporal characteristics of different levels on each scale were
analyzed. Taking annual scale SPI as the sample, the normal cloud generator algorithm and the multi-step
restoring reverse cloud transformation algorithm were used to construct the cloud model to analyze the
randomness and stability of drought. The results showed that the drought frequency in Haihe Plain was
mainly between 0.28 and 0.31, with the characteristics of high frequency of light drought and low
frequency of heavy drought. The frequency of spring drought was the highest and winter drought was the
lowest. The differences between regions and between years were the greatest in summer. The three
characteristic parameters of the interannual SPI cloud model were all showed decreasing trends, in which
the entropy significantly was decreased and the superentropy was significantly and positively correlated
with the entropy, that was, the randomness and inhomogeneity of the SPI distribution showed a consistent
trend. In space, the superentropy and entropy of each station showed a very significant negative
correlation, the randomness and inhomogeneity showed an opposite trend. The inter-annual differences of
cloud characteristics were greater than the inter-site differences, that was, the cloud model can better
reflect the randomness and stability of regional inter-annual SPI in space. Haihe Plain tended to be drier
in general, and the randomness of SPI of each station was decreased significantly and tended to be stable
and uniform.
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W fe H 3. 2020 -09 —08 &8l H . 2020 - 10 - 17

EEWHE: FZKELH LTI E (2017YFC0405805 — 03 ) il [ 5¢ [ S4B} 27 2 & 1T H (51609137 )

EE R SKIBZR (1979—) B PRI, 1 L, 3220 DA 35 /K 98 0 15 K B8 U s 8O 5T, E-mail: 2xxddd @ syau. edu. en
BEEE A B (1980—) , Lo, PRI, 1 o, 32 20 A ok B I 28R FH S, E-mail : £yj0249 @ syau. edu. cn



314 &l #Hl

L

2021 4

0 3]

T 5 A AR 22 AL 2 A A AR R B R
MARKEZ —, gt RKEFEYZEmMHY
2.16 x 10" hm® , 5252 J¢ 1hi B 5 45 Bl /<5 0 3 1T B
[ 60% , BA4F 1 R A2 1.0 x 10" kg ' 7,
TR e R AR L, T R 954
(605 R IEECZ A o ARk, [ N b5 35 4 i i
— R T B AR BT T 5 R AT VAN W BT B
BB oK 8 5 F B 49 8 ( Precipitation anomaly,
Pa) . fr ¥ 1k & 7K 48 %% ( Standardized precipitation
index ,SPI) \F&7K Z 5% AR X I 18 B2 55 4 (Moisture
index,MI) 2% . SPI J& 1 MCKEE 2" 2 i flg — Fh 5
LB bR, 1% T 1 P B BT R S AR B
B W N Ab e Tz T AN [ DX R R A O
BT GEEEIE R R
Je T 2 AR AR AR T

2% ol SR [A] AR 43 9 SPL iR 1) BE HL AR B T
2 R L D) R it AL 7 e 1 A 4 R RS S I R AT P
o TR ARFBE T T AN E UM
ANt s P CREAL IR FVSOR P ) 42 Hh A9 — Fh A 2, B 3
i #1282 ( Expected value, Ex) .4 ( Entropy, En) A8/
(Hyper entropy, He) 3 > %7 f¢ il oK /& &4 i —
AN E PERE A N R, BT, 2 48 B A BE AL Y
I 23 S0 AR HEAEF 58 T A B )2 0 . B A
FIH BB BT T H N8 2 %5 Ve W) 28 25 1 o i i)
ZE AN AR RRAE P B TS 7 F5 8 S AR M 4
BRI B 22 A4S Gl 60 4F i B AE AT
TORHT 5 e M 2 A AT X B S 5
FSE G X ke 8 AN R0 ST ARy T FARE it
TN 4 RE S B KREFE SRS S
BRI SS & ML RUE 14 DARR STAER T 25
TESEAT T 004 o 2= B BURRAIE (B A9 25 18] REAE 23, 4%
Sl 2 T B S 03 A R AR I 5T N 2R % 07 1 2
GE TR AR I A5 2 A P FNAS E P I — M A ST

T D R K R 22 S U AR PR AR B, B
B7 9 F 0] 5 1y A SCHE R4 LR R Y SPI
3 M T JET B S A SRR AR O R = AL XS T
5ol 1Y) B HIORE B ARS8 1 0 I S R R 2R AT 0 A
ARG R IR 5 R A R A R B I
TG B AT BB 5 A KR 42 ik R SR A

1 #R5FE

1.1 FREXER
HER IR A wr <5 e | o | S = - R 1 e | A 2
L, PEAERAT L, 25 W ih i, S A db b X 1) 2Rk

il

X, AR T A M X, A B Ay O, A
et KRB TG AR TR AR (E R L AR
12.8 x10° km® . #uBEA7 F AT 112°30" ~ 119°30'E,
34°46" ~40°25'N 4K H A Z)E T Y 100 m A= 47 5]
RN R 3 m A A o VAT R I Il 1 Bk
S, BT RN, Z AR A FSIREZW,
XBETHIER, o5l kT 5, ZHEFHEKER
560 mm , 4K i h R ) g T . B OK AR
SPECARYY,5—10 A REK R 2, 5 2 AERE KR
80% LA I,
1.2 HIEKRIE

AR SC I LRI ECHE R U T i 20 A FE Al S 0k
1955—2019 4F 3t 65 419 & H BE K £ 48, R IE T h
F AR B 5 s L =2 il 55 M (hitp : // data. cma. cn/)
e ] b A R H(E B AR (V3.0) o H BE K 3L
it 28— SOPE R 3 Tl R BSR4 # M A2 S AR SPT Y
THEAAKE o BFFE DX 6 B2 20 A LAl 5 0 1 4 A
mE 1 iR,

114°00"F 116°00"  118°00"E___ 120°00"F
z N

S

)

<

Z

ol

%

=)

)

z

=3

o

)

o

Z

ol

%

s

z

ol

jo)

© o K&k

- ‘,;il};;ﬁ;-’/ [ kT
S| 050100 150 200
of - - —— w— |
7

e

G AR DATE K Y ]
Fig. 1  Location of Haihe Plain and distribution of

weather stations
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Fig.2  Spatial distribution maps of drought frequency on annual scale
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Fig.3  Spatial distribution maps of drought frequency in seasons
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Fig.8 Typical SPI membership clouds
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