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Research on seasonal drought characteristics and its dynamic drought
risk assessment of five cities in northern Jiangsu Province

GONG Yan-bingl’z, HU Na!, LIU Gao-feng1 , WU Min!
(1. Institute of Hydraulic Information Statistic and Management , Hohai University , Changzhou, Jiangsu 213022, China;
2. Jiangsu Provincial Collaborative Innovation Center of World Water Valley and Water Ecological Civilization, Nanjing, Jiangsu 211100, China)

Abstract: According to the meteorological data provided by Jiangsu statistical yearbook, through the standardized
precipitation index (SPI), this paper calculated the seasonal drought indexes of five cities in northern Jiangsu Province in
recent 25 years (1989—2013) in order to analyze the spatial-temporal characteristics and occurrence regularity of
drought, and to assess dynamic drought risk. Based on four risk factors including dangerousness risk, exposure risk, vul-
nerability risk and disaster prevention and mitigation capacity, the paper selected ten suitable indexes covering meteoro-
logical, hydrological, geographical, social and economic aspects to build a corresponding drought risk evaluation index
system. After a combination use of entropy method and the CRITIC method to determine the weight of each index,
weighted dynamic risk evaluation method was used to calculate the drought risk score of every city from 2008 to 2013.
The results showed that drought in northern Jiangsu Province possessed obvious seasonal differences. Light drought and
medium drought usually occurred in the spring, summer and autumn, while heavy drought and excessive drought occurred
most often in autumn and winter in Yancheng city. The tendency of drought intensity was generally consistent with the
tendency of drought frequency. Drought frequencies and intensities in the five cities were generally increased in spring,
while the situation slightly turned better in autumn. In recent years, drought risks of the five cities had a certain kind of
stability and their risks rankings from high to low were: Huaian > Lianyungang > Suqian > Xuzhou > Yancheng. In addi-

tion, there was a strong agreement between the disaster prevention and mitigation capacity, and the dynamic changes of
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Fig.1 Municipal administrative map of the five cities

in northern Jiangsu Province
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Table 1 Drought frequency statistics of different hierarchies for the five cities in northern Jiangsu Province

T2 Drought type

JLPE Area JoF No drought %2 Light drought  H' Moderate drought T Severe drought 475 Special drought
#Z Spring 80 8 4 0 8
M 5 ZF Summer 72 8 16 4 0
Xuzhou FZE Autumn 64 16 8 12 0
475 Winter 72 16 4 0 8
2 Spring 76 12 4 4 4
ST H 7 Summer 76 12 4 4 4
Lianyugang  FkZ% Autumn 56 32 4 8 0
A-ZF Winter 76 8 8 8 0
#Z Spring 72 16 8 0 4
T K7 Summer 64 20 12 4 0
Sugian KZE Autumn 76 16 4 0 16
K7 Winter 84 8 0 0 8
% Spring 76 12 8 0 4
ik HZ Summer 72 16 4 4 4
Yancheng #Z Autumn 72 16 8 0 4
42 Winter 72 16 0 12 0
# 2 Spring 76 8 8 4 4
e HZ Summer 60 28 8 4 0
Huaian % Autumn 7 12 12 0 4
22 Winter 76 12 4 4 4
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Fig.2  Drought intensity seasonal statistics for the five cities in northern Jiangsu Province from 1989 to 2013
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Table 2 Comparison between seasonal drought frequency and intensity during different years in Xuzhou

FEAR #7F Spring K ZF Summer #ZE Autumn 47 Winter
Year p S p S p S p S
1989—1993 0 0 0.2 1 0.4 2 0 0
1994—1998 0.2 1 0 0 0.6 1 0.6 2
1999—2003 0.4 4 0.4 2 0.4 0 0.2 4
2004—2008 0.4 1.5 0 0 0.2 1 0.2 1
2009—2013 0 0 0.8 1.75 0.2 1 0.4 1.5
f@?:i/:g:‘ 0.2 0.5 1.2 1.5 -0.8 -2 0.4 2
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Table 3 Comparison between seasonal drought frequency and intensity during different years in Huaian
TR 2% Spring EZ Summer = Autumn £Z% Winter
Year P s P s P s P s
1989—1993 0.2 2 0.4 1 0.2 1 0.2 1
1994—1998 0 0 0.4 1.5 0.4 3 0.4 2.5
1999—2003 0.4 3.5 0.4 2 0.4 1.5 0.2 3
2004—2008 0.6 1.33 0.2 1 0.2 2 0.2 2
2009—2013 0 0 0.6 1.33 0.2 1 0.2 1
s -1
B /10a -0.2 -2.67 0.2 0.16 -0.2 -1 -0.2 -0.5
Trend rate
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Fig.3  Drought risk evaluation index system
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Table 4  Index weight based on the combination weighting method
£ Year Xy X, X3 Xy Xs Xe X7 Xs Xo X
2008 0.07 0.14 0.11 0.12 0.11 0.09 0.07 0.10 0.09 0.09
2009 0.16 0.16 0.07 0.09 0.10 0.09 0.09 0.10 0.05 0.07
2010 0.08 0.08 0.11 0.16 0.07 0.09 0.09 0.13 0.08 0.11
2011 0.08 0.09 0.12 0.14 0.08 0.09 0.10 0.13 0.08 0.08
2012 0.12 0.07 0.10 0.14 0.08 0.10 0.09 0.12 0.08 0.10
2013 0.16 0.12 0.09 0.10 0.10 0.08 0.07 0.11 0.07 0.11
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Table 5 Drought risk rankings between five cities in northern Jiangsu Province from 2008 to 2013

D Vv E R
A0 Year

DRET D Vv E R

DRET

%M Xuzhou

AW Lianyungang

2008
2009
2010
2011
2012
2013

—_ = W = = =
A UL o= U B W
RN NN
RN NN

SIS I SRR S ARV

—_— = W AN W

1
1
1
1
1
1

WO W N =N
~ B~ B B s
~ B B B~ W

a1

Sugian

ERIR Yancheng

2008
2009
2010
2011
2012

1
1
1
1
1
2013 1

N W NN = W
L S S Y Y
W W W W W W

W W W W W W

W W o= N = W
SR NSO S
W W W W N W
_ m = = = e

YEZ: Huaian

2008
2009
2010
2011
2012
2013

N W W N NN
W D = N
Y
WL L W e

[T NV TN

. D fER 1 Dangerousness; V 557 Vulnerability; E %851
Exposure; R B % i 7] Prevention and mitigation of disas-
ter; DREI T 59 % XK 847 Drought risk evulation index




55 1

FRHE DRSS  TTIR48 IR ALt DX AR S s S XU PP 5 281

3BT AT AT, 2008—2013 4F 8] J5 A6 1T A T
XU HE AR AR , KU i e BG4S 2 T
G>HEREE > IEIE > B > Ehdk. o AR
W — HAE TR 59 F RS 7K F- e 42 T A
AW RA T F UK E XK, — HAESH 5 h
PRI o EAh 38 3 2 B U A T 52 JRURS: 52 il R 7
(H.V.E.R) B4R 22 {015 0 S H: 5 DREL 14
ISR S FR AT AL, By H 08K e -5 5 XU 1 AH ¢
RARBA W, EHA R — 3G ek th 5 2 e
PR (14 0 sh A AL B o W B, 45 F HES AN S, X —
AT S B S LU SO fE Rt S5 2%
TRk R I AR bR 2 S FREE AR AR, 2 AN AT
PR R K T 2 8 M S B 9 s e e R F- 1) —
RARHR F B NS AT X AT, BN

A E] 2l 25 V5 il DRET 3% 2018 50 7T %0, 756 b
DX A SR RO A — 2 AR, BRI AR
UNAE 2008 4F- K 2010 4F 3% 25 95 T e 22 7 15 U
(A 53284k, FLAYAE 03 0T B T 52 KU IR L B AR
R , MR TR AT 5 IRURS: DA s PT 25 B XU 1)
DR

4 4 g

BRSPS B R B
K BUETT AR F5 b XA U S AK £ 5RO
FIH A ARG R IR, N2 25t 2 ek & J i e
JIFIANEAG B A 7 16 2h A S it X 2 1k
R BRI ER X A SR SP S 805 #7795
JEHL X T IT 25 a 2R M T AR IE LR A FUEE,
[ ) 35 fe B 1 i 553 2 | % ek A 9 9 ik 9 i 0 Y
AT PR A T B CE S S S RN FE R AR &R
X oAb T T R 9 F P T KU DA, A5 1 LA R 2518

1) S X T REMEAE I B 2 5,
BT RARARE . R I AT 1 B AR ARR
BONME , R R R AR R (EAR N T FE W T
X2 RARKR  fE L 2 RAEE S 1A, X
T4 oy s B R A 0 R I EE 5 R 5 2N g
T2 KA, T 2 R AEELTE, T
SRR B AL AN T AR AR 2B, X
FE AN S AT 8 0, T B T SR Rl 2
HAPETESCR , B i R IR F 5 R, 75 51k
AR T E A,

PR RS ey AN S A = NG 1 G
7 2008—2013 4FE )T F XU 1T 3 8 H 4, Tl Y
FRIREEHE PR R W% > = > 151T > R

> Ehilke BEAN ARG A SIS HEA RO /R, F5 L
DX LT A S A — 2 e . WIRR IR
DX T A5 KU1 D0, AR 52 XU, 5 Bl 9
RE ST SRAH SN , 255 45 T 5 AT ML SR o, B
JAFRRIY B AT AT e )R BT A R IR 45 25 T S B
G BORE , LA e K PR EE AR A 240 T R i 4
g

2 % X #:

(11 A .7 7,& e 5T SPHEEY 1981—2010 4 58
WX T R A TR L] . B SR B2, 2013,28(10) - 1694-
1706.

[2] Mckee T B, Doesken N J, Kleist J. The relationship of drought fre-
quency and duration to time scales[ C]//The 8th conference on applied
climatology, American Meteorological Society, 1993.

(3] PEXER, FA 25, Bk ARG IR 46 40 SPL 23 A ek H0 i1 385
PEWFFE [J] . K BEIATFT,2013,2(1) :33-41.

[4] Milan Gocic, Slavisa Trajkovic. Spatiotemporal characteristics of
drought in Serbia[ J]. Journal of Hydrology, 2014,510(3):110-123.

(5] J& 4, B2, om0, 55 AU AN [l 3R 55 28 B IX T A 0
AERFAELT] 3 IRATST , 2012,31(4) : 597-607.

(6] DT, 48 I, WKL AR X T B IUCH I 2 HALRERT 5T
[J]. T X B 5 PREE,2013,27(10) : 58-64.

(7] BEF K. FHET SPLAEEUNYIT 50a P 52 17 Hb X T S AFAE 23 (1],
TRV 5H55,2015,29(5) : 161-166.

(8] WM, 5k ok, BRLER JET 278 S LA T BRI R T 5
FEAEATTEL D] I, 2012,67(1) : 83-92.

(9] #Ha5E, X0 ok, Bokam Al T 529 H KU PP S 35000 T F
FEHERRELJ] KRG ,2011,29(2) : 12-17.

[10]  EBELL, e, RIT HEX T BB AT RIEAT T [T]. K

B2k ,2004,15(1) : 77-81.

[11] Downing T E, Bakker K. Drought discourse and vulnerabﬂity[C]/ /
Wilhite D A. Drought: A Global Assessment, Natural Hazards and
Disasters Series. London, 2000.

[12] Shahid S, Behrawan H. Drought risk assessment in the west part of
Bangladcsh[]] . Natural Hazard, 2008,46(3):391-413.

(13] IS, i W, EHA . LT GIS A PCHI R TR k43
(T PEISE A 24 (1 AR FBE ) , 2010, 33(3) : 388-392.

[14] & .2 L8 3P mke KT B 2 2 AR
iSO AT L] AN TR0, 2013,29(21) :82-91.

[15]  BRE AREGEHHS W 5 B AR [(M] . L5t AR R
#£,2007.

[16] Bk 5,523, K, B URERE R N TEMTRER
FHUBAHIE 5 8 B [T ] MR 2 0k 1%, 2014, 29 (1) - 80-
91.

(17]  HH2iy, 2%, 007 B B T ALIE 2 2 W o3 A ik (i K 34
BRI 2R SO B (7], By i 52 B 5 AR, 2015, 45(6) -
154-164.

(18] 3 &, 8UMEUL. 2T CRITIC (¥ £ 8 PSR AL & WAL 15
[J]. et 55,2012, 16(8) : 75-77.



