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The Research on Drought Characteristics of SPI at
Different Time Scales in Hunan Province

Wu Hao"’, Zhang Jianming’, Yan Pengcheng', Zeng Yuxing’, Duan Lijie’
(1 Institute of Arid Meteorology, China Meteorological Administration, Lanzhou 730020
2 Hunan Climate Center, Changsha 410118)

Absrtact: Based on the monthly precipitation data of 97 national meteorological observatories in Hunan Province from 1961 to
2016, the SPI drought index of monthly, seasonal and annual scales was constructed by mathematical statistics method, and then
the characteristics of drought at different time scales in Hunan Province were analyzed using SPI index. The results show that the
average annual, seasonal and monthly scales drought occurrence stations in Hunan Province are 30.7, 30.5 and 30.7 respectively,
and the difference between them is very small. The SPI drought index of Hunan Province is obvious interdecadal variations
and evident dry-wet-dry-wet variations at the all scales. In general, Hunan Province can be divided into the uniform drought-
flood pattern and the reverse drought-flood pattern in the whole province at the different time scales, and the variance of the first
two modes is over 60%, which can represent the main spatial distribution characteristics of drought at different time scales. By
comparing and analyzing the typical dry and wet years in different time scales, it can be found that 2002 is the same wet year in
Hunan Province, 1997 is the year of north drought and south flood, 1969 and 1998 is the year of north flood and south drought.
The results can provide a basis for drought prevention and mitigation in Hunan Province.

Keywords: Hunan, SPI, change characteristic, EOF, typical drought and flood year
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Fig. 1 The annual variation of drought (a) and waterlogging (b) on annual scale in Hunan Province
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Table 2 The occurrence years of three drought patterns
on annual scale in Hunan Province from 1961 to 2016
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90

20| @ L LAY CO T
70,
60

550

= 40
30
20
L AL R0 LS
0 alll. |l BARANRRE HA_Hhaln |"|
= T S O MO A ® —~ O MmO AN
49 0V E DR XXX NN D DD S
= N - - - = N = N = N = T - N S = I = A A
~~~~~~~~~~~~~ Qa8 aaQaaqQ

FEhr

100

go| ®  w o w by mE w R
80
70
60
50
40

—
2015 v m—

2003 =
2006
2009 wm
2012

EORE-A R B A A [ B [ B e D )

E7 WEAFEREARRLZANE (a) M5 (b) RERRKBRELL
Fig. 7 The annual variation of drought (a) and waterlogging (b) on seasonal scales in Hunan Province

19704FMIPE . WIALIR I SR EE R, 1971—19924F i
AT PR, 1993—20024E i H . WA= JLig i
SREEALSE, 2003—20114FHHPE R WIAR RS T R L4
B, 201220164 A — 5 I I e P 0t o
223 WEERE (7—R ) TE=EHHE
RNTHMMEERE (7—9H) TR0 4
A, %F1961—20164F 1 F57—9 H SPIE#H{TEOF 7 it 15 51|
AI10AMEEAS, Horar2 A 2 A 1 Rt 7 Z oawk R

153063.8%, AT LU UT M e L e 2R R S 3R
28] 3 A RFAIE o

B (FZETTHN4S.1%) EH R H N IE
8, U9 H SPLEA Bl it s i) — £k, ik w1 5L
s, Forp s — RS IEERN KA X EE SRR —
iO(E10) o R 1.5 bruE 2, S35 8
SRR EEL, 1994, 1996, 1992, 2002
SRR LS RRAEZE, AEEIRIERL; 1964, 1966,

Advances in Meteorological Science and Technology S&EHT#RE 11 (2) - 2021

143



=

SR
dvances in Met S&T

ST o seus — femieis

0.51

SPI{E L

—0.5+

—1.54
1961

1971

1981 1991
Ay
E8 1961—2016FHEFEREFIISPIRRELZL
Fig. 8 The annual variation of seasonal scale average SPI
in Hunan Province during 1961 —2016

2001 2011

2003, 2005, 20114EH#EE—1.5f5briE%, NEE T 5
A (E11a. &3, E12) .

RS (FETTERN18.7%) fEWE 21k
o3, FEHARE AR S P — %o mm, B
7—9 F U SPLE R b S A AH ) OG5, BIV e 30 O 55
Je s P B R GRS . R A £ 1.5 R
HEZE, 19205 RS A R AR WA, Hbel,
1981, 1997, 20064F#EIL 1.5 et %, FALE+ 5
A, 1965, 1969, 1998, 20104Ei# T —1.5(F vk 2,
NEEST R (E b, #3. K12) .

R4 150 7 o T R HLPONE SR, 19644 B T8

(a) 1961—19664F (b) 196719704 (©) 1971—19924 (d) 1993—20024 (€) 2003—20114F (f) 2012—20164F
[ D I —
—09  —06  —03 0.3 0.6 0.9
B9 REERBRSPIFZ B4 7
Fig. 9 The spatial distribution of SPI in different decades

30°N| (@)
0.20

20°N - 0.15
0.10

28°N 0.05
0

27°N
—0.05
—0.10

26°N
—0.15

25N |- —0.20

109°E 110°E 111°E 112°E 113°E  114°E 109°E 110°E 111°E 112°E  113°E  114°E

10 #E1961—2016 5 FRE (7—9H ) SPHEHEOF®E — (a) FMEZ (b) NEEEKE
Fig. 10 The first (a) and the second (b) spatial modes of EOF of SPI index in Hunan Province during 1961 —2016
seasonal scale (July to September)

A, ERXAEMR. BB, M. K%, A
HIETEKT R, 19665EH RS, Wb, WP, H
H. W EA E TR A . RRYE W R A S B
FERNEE, WIFFA2003, 2005, 2011485 H I E
BHOER . WRIEARCHTLLER, 1964, 1966, 2003,

2005, 20114 REA —HMMEKTRE, S5 %
TSR IEAR S ARIE TR O E A, 19614
BN REAE, JUHLUNPE. WL T 5™, 19814F#
FORSE, WP, WHELE KT 2R EH; 19974/
BE, FREBERAMMIG LML 20064/

144 | Advances in Meteorological Science and Technology S&EHT#RE 11 (2) - 2021



1970 1980 1990 2000 2010
A

Special % #

0w R — 7813 T

1970 1980 1990 2000 2010
HE Ay

Bl $£— (a) #EZ (b) EEHBERBEFEEL (FHRE)
Fig. 11 The annual variation of time coefficients of first two spatial modes ( the time coefficients of the first(a) and second
modes(b) ) (seasonal scale)

&3 1961 —2016F MM EREIXRETRELEFH
Table 3 The occurrence years of three drought patterns on
seasonal scale in Hunan Province from 1961 to 2016

HKE REFH

= et 1964, 1966, 2003, 2005, 2011
B g5 o it 1961, 1981, 1997, 2006
[apS avit] 1965, 1969, 1998, 2010

FEARTCH . WAL R, 1961, 1981, 1997,
2006 N ALEBT F 44, B 72006448, HAMHT FT 45
W5 I FE AR — B AR R ¢ RPN E S,
19654E M Fa e 5, WG Wb, IR AR,
MR T, 1969FEHmEAT R, ERE.
MO IR BT 5, 19984E I/ i b w7, BRI
&, MR AR AT E AP LR, BIRF20104E 1
FHBEEEEK, WM. KM TREE, RHEA S
JLEER, 1965, 1969, 1998, 20104 R T 1,
S RS
23 HEAARE (8 A) FR4HESH
HREFBEIRFFEER R A T8, it &
WIFHLIX 7—9 A F R LW ™ B, FRIEEc i, RlER
BT X S DA H TS bh e i fe, Rl A S b
FESNSA T RFE. ETRE RS, it KEx
B, T RUITE. ERETRRHE.
231 EEAARE (8 B ) EHMDHIFE
1961—20164F H RE Z F-FIERETRERE
ERCON30.7385, 1961—19734E. 1985—20004F T 5k
RKERZ, HPRZEMHA1966, 1992, 1974,
1986, 1998, 1990, 1981, 2009F119634F; Z4E-F
SRR E R R A 27,78, 1979—1984. 1994—
20034 NiRIEu R R AER 2, HAP R Z F0 42002,
1999, 1980, 1988H119964F .
232 #EBRE (8 B) SPI tA{L#aH
1961—2016%F11 B F U T4 A0 2 A B B 1) 4
RERAELE, A LRI A4 BE 3N 1961—1966

Advances in Meteorological Science and Technology S&EHT#RE 11 (2) - 2021 | 145

fEL 1967—19854E. 1986—19924F . 1993—20164F,
& T F—g—F 5%
233#EARE (8 ) TEZ=HHHE

NT MM A RE (8H) T R2K2SE A0
A, %F1961—20164F11 1 148 H SPLi#E 4T EOF 73 i 45
FIAT10ME RS, o an2 A = [ B A (1 R U7 22 Tk
KIKF|59.4%, IR ER A RE TR E T2
[E] S AL o

BME (T ETTHRNA5.4%) (E RN IE
B, ROHIFG I8 H SPLE A Bl iy s i) — £k, %
i P B, FE R B — RS TR A KA X 3 B A
W . R £ L5 hRuE 2, B35 A
i TE] R B E4r, 1969, 1980, 1988, 1999,
20024F 1.5 pRdEZE, NAEREITE; 1966,
1974, 19924 —1.5M5FriEZE, NEE TR,

BOMA (FETTHRN14.0%) M 21 7E
B A, FEELRERUMEE PR — L0, Ui
WIFE IAE8 H SPLE M AL AL AR R, B RE H R 7
JeEB S el e R ACERm . SRR £+ 156545
W22, 3305 AR R R Ee, HAP1972,
1994, 19974 1.5 briE 2=, b+ R4,
1965, 1969, 1989, 1998, 20084Fi#id — 1.5f%Hxk
%, NEMT R,

P F-i0 E oC TE AE SE AE E ERAE . BEE, E
Xt H R Rk, Wkt H RETSEES A
R T 5L R AT 6 EE B ) AR A T
3 ZR5HR

1) ZEFIERET R RAESIRAN30.75, £
TSP 38 A ROk 395 A 3l 1 D29 83 W A AF R
BN EA BB AP RE, & T T—8—
TRt s R R R A B o A B ] LAy R
SR = R 1 7 i I | o [ R a A  = =D
SRR T 755 563.5%, T DA LT 1 22 I 4F R
T T S (B A A RFAE



=

SR
dvances in Met S&T

—2 —1.5

—1.0 —0.5

0.5 1 1.5 2

E12 1961—2016EMEEREIXFETRETEN
Fig. 12 The spatial distribution of three drought patterns on seasonal scale in Hunan Province from 1961 to 2016

2) ZAFEPYERE TSR AELRCN30.50, £
SR8 2R RO vk 7 R AR IR N 30,23 s W R SR R
TR A RE B A 0 8 PR AR e, & T
F—l—F—R— TR, MHERE (7—9
H) T RH a0 A7 BUAT LLAy 4 — SR 85 A
B oAb RS AR, HAT SRR T 2k
$163.8%, T AR UT b 3R I 28 )BT 1) 32 EE A R Ay
TAFAE

3) ZEFHHRETRRAERRN30.76, £
RSP A R BN RS ON27. 735, s R H RS T
B B R AR E, & T F—ig—

TR, WA RE (8H) T-FEM=s (a4 Aifl
CI R S ok =k €80 TSN | A T S )
A, HATH NS R T 218 $159.4%, W] DU
T R T 1) 32 B2 18] 3 A REAE

4) 8 I 5 TR 9 E O B EL A AT g, AR
B 18] R 5 5 e oI AR, TR TS AS A
B) R 2 i AR 0% S W e 1) AR AE, B SE
FIPES

5) X EG A A AS IR R ROBE T 1) L B R AR, R
% R BB R 44 20024 9 448 — EURIE AR, 19974 410
ELRWAE, 1969F119984F b i B B AF .

146 | Advances in Meteorological Science and Technology S&EHT#RE 11 (2) - 2021



AR SCHE A 8] Fp AN R B 1) RUBE FR) SPTA #i
XTI R A T R IEREAT AT T, R T 2 R L
ik, T RITR T BRI L, HF o)
B TR AR (AR AIE o
SE W

[1] R#EH T2 Ax: AR E AL, 2003.

[2] Cook E R, Meko D M, Stahle D W, et al. Drought reconstructions
for the continental United States. Journal of Climate, 1999, 12(4):
1145-1162.

[3] Zhuguo M A, Congbin F U. Some evidence of drying trend over
northern China from 1951 to 2004. Chinese Science Bulletin, 2006,
51(23): 2913-2925.

[4] Wang J, Wang S, Zhang Q, et al. Characteristics of drought disaster-
causing factors anomaly in Southwest and South China against the
background of global warming. Polish Journal of Environmental
Studies, 2015, 24(5): 2241-2251.

[5] Dai X G, Fu C B, Wang P. Interdecadal change of atmospheric
stationary waves and North China drought. Chinese Physics, 2005,
14(4): 850-858.

(6] BAElE, /). 1951—20064F [ X 3% F FALHAE. S5 & LoF
7 k&, 2007, 3(04): 195-201.

[7] Qian W, Hu Q, Zhu Y, et al. Centennial-scale dry-wet variations in
East Asia. Climate Dynamics, 2003, 21(21): 77-89.

[8] He W, Zhao S, Liu Q, et al. Long-range correlation in the drought
and flood index from 1470 to 2000 in eastern China. International
Journal of Climatology, 2015, 36: 1676-1685.

[9] Jiang X, Li Y, Wang X. Water vapor transport over China and its
relationship with drought and flood in Yangtze River Basin. Journal
of Geographical Sciences, 2009, 19(2): 153-163.

[10] Guo R. Spatial-temporal characteristics of the drought and flood
in southern China. Scientia Meteorologica Sinica, 2009, 29(5):
598-605.

[11] Yu F, Chen Z, Ren X, et al. Analysis of historical floods on
the Yangtze River, China: Characteristics and explanations.

Special % #

Geomorphology, 2009, 113(3—4): 210-216.
[12] Wang J S, Wei F. Climatic characteristics of extreme drought
period from May to September in Northwest China. Journal of
Desert Research, 2007, 27(3): 514-519.
T, ZRME THT, . KEAZTERRHAEITRL TF
A4, 2012,30(4): 497-508.
KRz, BT, 954 REREERAAGEEHRENES
BRI K AR, 2008, 32(4): 815-825.
AR E, WA, /. A E R AT o T IR S 8 A
2. H3F F 4%, 2003, 58(s1): 275-281.
HEA, F0F, KA, F. 2011FEREMKIIH T X
B35 B4 B ATH. K AR, 2012, 36(5): 1009-1026.
R, ZHE, T REWHHERETES LR EEXA
S WAL, KAFF, 2014, 38(2): 373-385.
FHT, KA, KA, F AGTRERTRER ) B KE
W R L. R %, 2015, 41(3): 261-271.
BHT, KA, IR, F. P E TR FERER R R
R & A R 4R, 2016, 27(5): 577-591.
Gk FEARZREASE (HEA) . b AR B,
2006.
WEEALE. Hmd ABE T EE. L A% W R, 2018.
KSR, B Ak, AL, & HME AR LB RN ERE R ER
AT, B A K F ¥R, 2011, 20(5): 105-110.
TR, EHT, R, & RS2F kR E YRR AL T RS
AT KLU VR 5 3035, 2016, 25(3): 514-522.
KOV, RS, B EA, & MEARTEE Hae 2 Tk
AE. B R A %, 2013, 34(6): 621-628.
B0 B, HA A, KA. 2009F B EHEFLFHETERRANX
AFRG S . T2 AKX, 2010, 28(1): 20-25.
FR,ZHZ20BFEFHES EHiRTERE XA R
#. T EA%,2014,32(4): 593-598.
GHRA, WEE, BAR, . 2013F LW KF# 8557 ¥ T
FEFHE E IR T E 8P, T 2A%,2015,33(2): 195-201.
HAE. ARAER DB E FAUHA. o AR WA,
1999.
[29] Jones P D, Groisman P Y, Coughlan M, et al. Assessment of
urbanization effects in time series of surface air temperature over

land. Nature, 1990, 347(6289): 169-172.

[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]

(LANIT)
RETEDR, AR F S A 5 SR F ) 5 )
Bem, B M N AR

2) MRS B OB R F AR, &2
JS2FAAE B9 BB R B INEATT FRAOL RAR b iy
A2l T R REAR R BT TS
B, MARSEPRULIN, ST eI Y SR A TR
B, X MTai RATREAR — € RN, 28I ple e
EZHRFENBIAWHEIEREE .

3) MMBEZE K EFER, Sk ERE
B M b ko EE DR T R AR A R AT R, (HAA K
TRAR B Z R AR 221, AT BE AL L2 VF i 2 1Y
JER . T B TR, 5N 2 R
T WROKAR BB ES SARPIA B M PUARRE /155, DI
A A R R AR R .
SE MW

(1] #A . 3E A AL K A R B 0 A DRk K
4%, 1993, 9(4): 373-384.

2] BE# HadE, HER. LI M RERRE (—) . ¥
VLR YR 5 ER3E, 1993, 2(3): 226.

3] 8=, W B RV AL MEFM. b A% R, 2015.

[4] 3KFRA. AR A3t K E T A M XA A 4 S FRE e 5.
KT KR 5 3035 1994, 3(3): 258-259.

[5] kB At I K KA. Aot 408 W iat, 1998.

(6] Bslg, Bk, Z0&, %. 8 F EARENAEEFLAGIT
fi. B E RO A %, 2008, 29(4): 507-510.

[7] F24E, B RKENGITFNES S 5. b B H IR, 2005.

(8] fT4, EXR®, T, &F. LT B4 i ABPR A& & L e x
M. T A K 2 4R (8 AFHFR), 2008, 38(6): 983-989.

[9] kRBE&, BREGE, kA, . X FE 8 i X2 REEY

KON A AL R TR 4R, 2011, 27(2): 187-194.

WREA, ffAE. T2 B9 ®E R0 I 2 HoR Ok 2 R R

. KAFF 4], 2016, 39(5): 712-720.

B, EAM, BRI X TEET R NP E S K EEA

RE R A %, 2019, 45(11): 1600-1610.

WG P EMAE R KA. RAS: B R W R, 1992.

WMk, THES, HakE, & KRR E AT LA MG LT WFR,

FHEGE AR, 2011, 27(1): 32-38.

AU, BN, A, &) AR EEE. FE RS

E k2008, 37(6): 19-21.

[10]
(11]

[12]
[13]

[14]

Advances in Meteorological Science and Technology S&EHT#RE 11 (2) - 2021

147



