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Analysis of the Spatial and Temporal Variation Characteristics
of the Centurial Drought in China Based on SPEI

LIU Xiaoyong
(Xianyang Water Conservancy Bureaw, Xianyang, Shaanxi 712000, China)

Abstract: In this paper, SPEI data sets during 1091 to 2015 year were analyzed to explore drought severity (S) and
drought area (A), and 7 kinds of distribution functions were adopted to fit S and A to select the optimal fitting func-
tions. 6 kinds of Copula functions were adopted to simulate the joint probability distribution of drought S and A . Based
on Rosenblatt’s Cramer-Vonmises test statistical fitting method, the Copula model of combined distribution of S and A
was optimized. The drought area — intensity — frequency curve was plotted based on the optimal Copula model. The re-
sults showed that from 1901 to 2015, both the S and A of drought increased significantly in China. The optimal distribu-
tion of drought area is Weibull distribution, the optimal distribution of drought intensity is the generalized extreme value
(GEV) distribution, the correlation between the two variables is relatively high, and the optimal joint distribution model
is the normal Copula model. The drought-intensity-frequency curve can be used to identify the occurrence frequency of S
under given S return period, which is of great scientific significance for regional drought characteristics analysis and water
resource management .

Keywords: drought; SPEI; spatial-temporal characteristics; Copula function

TR R LRI K SR R A g
B B AR IRCEN AR BEE AR A B
TIN5 A e o TR RAG H £ e 3, 9
Sk R AT R R AR T X K IR R T
J 15 IROK BEEAL , Vs , AR A 4 — R 01 3%
iR R % 2 ALK R % T 1R

P, BRI T X S [ S b XY [ AR AR SR AT
AR T KGR R A AEBR AR, K
LA SR T [ 9 L 10 A0 6 o A4 K R R
8, 7E 1990 4-—2007 4 [a], - 35 45 P A 3R E & &k
AU T S, SRR T R 5 R R R
FEIk 392 2 ke, 7 E RV A BEHE 1.47%,

Y 5 B #5:2018-06-18 &% B #5:2018-07-15

TEBB A XR T (1966—) , 3, BV, TAR, 322 A F AR E 74 B DX S0 RIS E TR . E-mail :465531276 @ qq. com



%5

X5 T SPEL A B B 4T 20 2 AR L R 53 17 229

TRBEMA TR LK 700 Z427650, H#EA 21 i
LA, BT AU S B s e T YT 5K
S SN0 DRI, TR A PR AT S 2 AR AL RRAE X T
AT 5 A KBS 45 B R K IR A BRI B HLA T
B

DI T T R 9T 202 2 Tl il 3017, il i
TR HIS R B T R AE (DB ZURE BURE () , A
JH Copula BREL 73 HT 22 Fh 1+ - R AE 3K 5 20 A i
T 7k [ R AR 1L Copula PRI Sklar! 7 H2 H 1 —
FIEEZ BRI EL , Copula BRI AT L3 3o X 42 AN [W] 9 10 2%
I3 AT 2 A B RA MER R E , 7R E N AT B A
HAGE Tz NS 13) Copula BRER 92 5
R H BB X Z2 N FRE A2 5 AT AR IR G5,
X5 R AR s AT SRS R A (R T
Ui SR T 5B I AT AR /0N B A T S XU 4
PEALMERAE S, (H 275 R Bl i T 548 L5 KUK 7
b b E PR 22 R, 7 AR RIS AT X
B R R AR AR A IR DX T R A XU

ARSCLLREAS v [E D ISR &R, BT 1901 4E—
2015 49 H SPEL &cdhs , i id 25 [8] - AR AR 7 ik
PO RS T 5205, s A b B | AR T 5 i
75 KA S, FE R A Copula PRER Y T RS T
SERUFEARRCE , R4l T 5 R0 - AR - A4k

1 WFsEvert itk

1.1 WRHE

ARSI BIFFE X SR A v [ L X, %5048 4 1901
AE—2015 4F2E 115 4219 A SPEL #5855 Wil 154, SPEL
FERUE Vicente — Serrano 25115 75 5 i 1k [ 7K 45 %k
(SPI) LAl 138 3 51 AV 7E 28 O A Y, Bl T
SPI AMAZR B T 52468 £ (PDSD) YA £, SPET 7K 3
R ARSI ] 2 A ZOR A A TR, W] LR GF
MR T 5 R DS, SPEL B4R Kk UE T M o
(http://spei . csic. es/index. html ) , 25 [R] /3 HER K 0.5°,
1.2 FEHERA

AW T AR LA

(1) TEEZME(A,) A, 2] e KT
SRR (e < Dpoione) T 7 FEA, 205000

Z I[ Nspei iyt < 77speithr} X a;
= = v (1)
>
A I ] B BAE R BREG naper 1,0 FHE T IS ¢
) SPEUE 5 7 AT BIEL, ASSCTHRCN 05 0, 3%
ANER MRS TR N, SR S

A,

(2) THRAUPECS,):

Z; 1[ Nepei i1 < vspail}lr] X Tspei i1
= Ne,
s Ne, oo ¢ BT A% 8
1.3 ETF Copula FIBXEHEZE R
Copula PRI BLAil /& Sklar & 3, RIX F,,
e AR AR R, Hoh G i F, 5 F,,
FEAE—A> Copula PRELfHITS :
F, = C(F,,F,) = C(u,v) (3)
WR F, 5 F, ZHESH, N CRZME—R), BN C
ranF, x rank, ME—Hf 7,
Copula PRECAH AN 1 BREE , A SCE LT 6
M Copula PR BAE b 45 %k Copula: Gumbel Copula.
Clayton Copula,Frank Copula,Joe Copula,Galambos

S, (2)

Copula F1 Normal Copula.
1.4 EF Copula WEGEIH

TR B ST T R AR B AR R B AT L
RN

Ty4(S1a) = ﬁgf (4)
S1d=a
Ky = Nn, N HBAERIIKE (4F) ;50 HT R
TG Coya = o FORGE T R 0 I, T AU
S 1) BRI SR AL WK Copula PS54 AR Y T
A5
IC(F(S),Fi(a))
3FA<CL>

(5)

CSIA:a =

2 g 550

2.1 TRYFESH

HAEHM 0.5°03 B30 SPEL $dli i3 1 rp
FEI XA T R0 (S) 5T Rm R (A) (WK 1),
HEHLIX 1901 4£—2015 4 1 5 ZURE 5 1 5 1 B
REI G, T RS T R R G
BOOARR T RIVES TRERI R, | e mi#
PTG A IUG PR R
2.2 TEHENIGSHRNEREKRIEES

YePE 7 R A A B8 %X (Gamma, Weibull, Nor-
mal , Lognormal , Logistics, Loglogistics , Gev ) Xf 5 51 &
ST R mARHTIE , E5E KS K AD 656 A
L3 J7 WA AN o3 A EA T 1006 00 BE AL 3, A 0 4
W 1 R X EAR(A) , Weibull 23041 94U &
ROR B 6 T TR EUBE(S) , Gev 4341 IG5 RCR
.



230 KA 5 R TR AR 9% 16 &
100
1 80
{o0 =
lao =
20
: : : : : 0
1900 1920 1940 1960 1980 2000 2020
FA
B 1 1900 £—2015 EF 23 E/HRE
*1 TEREAER/ZIEIDLZS T KSAD BERERINLE o B R AR i AR AT B i, ) E A i S AR
—— A ZEARFKET p S ZPAFKRET p (B R RAFFE A O R o Bl 1 S iR 'ﬁ%:
ks AD ks AD ELZUEER 53 B AHE P R E] L Chi (8170 Kendall 18] (DL 1E]
%m 00052 0.0015 00067 0.0142 3), 4R R, T RS T 220 Z RFETE R R 1Y
Weibull  0.1504 0.1432 0.1869 0.0956 HIRHE , 1T AR Copula BIACBEZE
Normal 0.0327 0.0273 0.0818 0.1983
Lognormal 0000 0.000 0.0001 0.0002 2.3 EF Copula E(J:F:':ﬁmiﬁﬁ
Logistic 0.006 0.0016 0.0106  0.0125 SCHEERE T 6 Fi Copula BR% ( Clayton, Gumbel,
Loglogistic 00016 0.000 0.0119 0.0005 Frank Joe, Galambos , Normal ) X 1 5 i £ 5 - 5 ZU BE
Gev 0.095 0.0995 0.3647 0.4572 Fric st H 58 W ECS MR IEFT X L, B M

K 2 gy T Weibull 20 A 145 T S AL (A)
M Gev A A T R ZURE(S) WMt 2 % 5] L R
WRSME.P-PEMKQ-0Q R, ZRER,
Weibull 4375 % F A BIHLA R4, Gev 3 A X S B4
AR I, Y Weibull 4345 R A (19305501,
Gev 7341 S WD S 5341

E /4 ), LY.
TEFIFH Copula BRIV AR AT B A Z AT, B G
2.5¢ 1o
m E2Y 4 AL g S

2.0 — Weibull 1.0Fe Weibull
15 08
b
W E 0.6+

1.0
¥ o4t

0.5 ool

00 02 04 06 0.8 1.0 0.0 0.5 1.0

T B RERIE A
(a) WeibullZ2 % 9 i (b) Weibull £ B! 22 56 4 %
25 12¢
G2 U R
CO& K% E — Gev
20t aAER LOT L s
0.8}
.:p(l 5t |
s

{éli 8 0.6l

;1.0» =
ig 041

0.5} W{L ool

0.0 05 1.0 1.5 0.0 05 1.0 15

TR TR
(e) Gev& K % & (f) Gev 2 B2 4 4 %

B2 ETFRAESGREMTEER(A).FTEZE(S)PDF.CDF.P-P.Q-Q &

(Sn)%%ﬁ%xﬂlA f AL A

2)Normal Copula 4377 48L&

TR, AR (R

&S

F2 ARZEE Copula HESHEITREEMERE

FERIZEI  Clayton  Gumbel — Frank Joe  Galambos Normal
S 1.452  2.058 6.766 2.363 1.340  0.759
CM(Sn) 0.943  0.167 0.044 0.962 0.173  0.025
P 0.005 0.005 0.002 0.002 0.002 0.098
1.2 1.0 1
O_p 0-0
o M 08l
M 0.8 L;l 0.6
ﬁo.e §
o4 g
02 0.2
0.0 0.5 1.0 1.5 0.0 0.5 1.0
BEIRTg 7 i 5 fr %
(¢) Weibull P-P (d) Weibull Q-Q
1.0 1.5¢
P-P 0-0
0.8
v & 1.0F
0.6 zh
= &
§§0.4 &
§ o5
0.2
0.0 0.5 1.0 0.0 0.5 1.0 1.5
R A HLAE 73 br #
(g) Gev P-P (h) Gev Q-0



%5 XIBE DS FF SPEIL B o (2] 1 4F 5 i 23 A AR Ak 230 A 231

1.0 ¢ .
1.0 =
09r o
0.5} 0.8
0.7
0.6
=X 0.0 T 05
0.4t
03+
0.5 :
021
0.1
. . -1.0 : . : : : - 0.0 . : : : ,
00 02 04 06 08 1.0 -15 -1.0 -0.5 00 05 1.0 1.5 00 02 04 06 08 1.0
CDF(4) 2 Wi
(a) 7 A 3 s 1 (b) Chil& (c) Kendall &

B3 FREARSTEIUENBKIEES

H T HEARIR] Copula BRETLGRBUR , 7352 B S BEALA B HL S B, 45 R K W] Normal Copula B
il T EET A Copula B T S ARA T AU BRI R e by, SRS BE B AR JSUAEL FY) D8 BE 3%
SR 5 BEALAE BUE A SRR BRI (UL 4) & SR ARG, PR, 264 Normal Copula BRE -+ 521 AR
FT A Copula #5271 i S ALAN T 20 BE S 5T A0 A pR AR

1.0 rs
sy

0.0 0.5 1.0

0.0 0.5 1.0 0.0
CDF(4) CDF(4)
(a) Clayton (¢) Frank

¢
o
\\\\9\
AN

CDF(4) ' CDF(4) CDF(4)

(d) Joe (e) Galambos (f) Normal
B4 ETFAE Copula BEMTFEERMTRIUEIN(ZER)EEK(IRE) R RESE
2.4 TRZE-HER - MEHLE TR 3G i S ARYE T R 2R — A - gt

TRAUE - R - RN A E T RER LR DI 48 T 5 AR B A R T R
FIAR AT T TR EI, Fo8 TR ARAEIOR T XIS AL 7 B KoK 98 I8 2
XA AR AR S TR A 208 - HARZMRATE
D' (uy) = p® (1))

CS\A:a = ®( ﬁ ) (6)
- P12
Ts4(S 1 a) = T(‘:UHT (7)

K u, = Fi(a), u, = Fs(s), @ RRIESEH, B
PR FE N] 2 ORI BRI Copulas PRI HAE 7K
SCH R RS Xt I AN [ ER B T R — AR ' ' 5T

- BRI 5 PR, BEE T REE R, T 5 5 AEERLXEHER - ZUE - B2k




232 KA S 25 T RE2ER

%16 &

3 45 i

TERGTR SN X ek T AR X T K SR P A
e TR o AT I E X 1901—2015 4
1 SPEL £ X T ZUE 5 T 2 i AR A 300, I
P35 HH el B 2 3 A R R, ETITALE Copula PREX
TR T R ATI A, el T 220
JE - WA - AR T AR EE AT, A5 2 DA
T EELES.

(1) 1901 4F—2015 4 [a], H [ #u X JE T SPEI $/
BB TR S T R ALk 2 s, 5
P a3, B AR

(2) TR S H A 5340 R B Weibull
o3 A, TR BB Bl BN A A1 R B Gev 04l , T+
THFR S TS 20 B 1 i ELIE 32 PR EICH Normal Copula

(3) MR TR0 - mR - SRR, s T
SEEURE R, 5 A R ik A AR e T8
B - TR - AR 2 R T AU 48 T R T A
WA T RFUBE M &AM 6 T X T AR AR
A3 HT BOoK BRI LA R AR

S 3K

(1] Chang J, Li Y, Wang Y, et al. Copula-based drought risk
assessment combined with an integrated index in the Wei Riv-
er Basin, China[J]. Journal of Hydrology, 2016, 540: 824-
834.

[2] Sheffield J, Wood E F, Roderick M L. Little change in glob-
al drought over the past 60 years[.]]. Nature, 2012, 491:
435-438.

[3] Dai A. Increasing drought under global warming in observa-
tions and models[ J]. Nature Climate Change, 2012,3(1):
52-58.

(4] & 52,4 R, WA, T EBRS TR Rl]].
IKBL3E R ,2013,24(2) :296-302.

[5] XuK, Yang D, Yang H, et al. Spatio-temporal variation of

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

drought in China during 1961—2012: A climatic perspective

[J]. Journal of Hydrology, 2015,526(3) :253-264.

R BRI, B 55,45 AR BRI ZR VLI Ak SC
AR SBR[ ] KB IERE , 2016,27(6) : 810-
821.

Sklar M. Fonctions de répartition ¢m dimensions et leurs
marges[ J]. Publ. Inet. Statist University Paris, 1959, 8:
229-231.

Kao S— C, Govindaraju RS. A copula-based joint deficit in-
dex for droughts[.] 1. Journal of Hydrology, 2010,380(1):
121-134.

1, R BT JZPTIEKAE Copulas (91 F4%
MEZ AL B GREARATWFFE )] K Ty K 241, 2013,
32(2):35-42.

FhEELE, EkEE , & T BT copula PR Y X 4 1

S ik [T OKBAiERE ,2010,21(2) - 188-193.

I, 5k LB B TR RIS Copula PRI%K

T SRR AE 23 A7 B (D] A0l TR 2% 41, 2017, 33

(10) :206-214.

VEHBE, SRR, BB Ae, 45 JE T Copula J7 5 1Y T 5

Pt FZLRE BB S A A A ()] R #2441, 2010,
43(10):928-932.

FAER,ZWHR, % R AT Copula 1 XK T F

BIR ST L] 3R, 2011,31(11) - 1383-1388.

Amirataee B, Montaseri M, Rezaie H. Regional analysis

and derivation of copula — based drought Severity — Area —

Frequency curve in Lake Urmia basin, Iran[J]. J Environ

Manage, 2018,206:134-144.

Thornthwaite C W. An approach toward a rational classifica-

tion of climate[ J]. Geography Review, 1948,38(1):55-

89.

PR, S ARG JE T SPEL KRR BIE I &

FAHEIX 1060—2014 47 i 25 AR AR AR AR [ ] #T TR

AR (BT ,2018,45(3) :363-372.

o 2 B HETF Copula bR BT AE — EUM: kK 1

HEEA 0T (I K FI2AA1E,2013,44(10) 1 1137-1147

KA, BRI, 4236 R, 55 . Copulas B ¥ N FEAE K SC

TR M AL AT B A, 2012,



