J. Lake Sci. (#ia#F5),2015,27(6):1177-1186
DOT 10. 18307/2015. 0624
© 2015 by Journal of Lake Sciences

ETORAXFEVWEEBRBALISETEAR

?‘J‘ }mgl,z’;ﬂi ‘—Jy 2,3,4**’7-%_‘\%)1_?2,3,4";1 %2,3,4

(1 BROTER A LV S 7B, I 241003)

(21 UK IS IRER M 510275)

(3¢ PR AT RO RER Sk 2 A A M R 4505 ) 510275)
(4 TP B S RSO AT 56 %, T 330022)

B OE: ETAREAUKSCT R A BT FORAS LA b, 3l — W H R B R SRR T4 B T RS AT AR
BRGNS 734, SR SCRR 88 I R R F A AR TSR 3 05 TN 52 9 F HEAT T ST, [R] I B oA o 6 4>
FARARSCT B BRSCT R AR, SRRV (1) SRR ETE T I e 5, SO i R g i e S i A rh g oy
O BRI BT i e T 5 o T K (2) BB WIAL RS 4 (/U5 K SCT54) RAE BRI i, O 0. 30, 14518
T B T AR B, IR A CIRAS 2) SR ST 2 CIRAS 4 OR35S (RN K SCT ) ) BUAR L R AR B A%
(3) AR B0 A, 780 B A TR AR 25 2 e BIDIRAS 4 FRZS 5 AP35 0. 11 JR A, RS L (R URSCES)
FRA 3 (KA T 5 KGRI ) FIRRE 4 ISR 0. 23, RAEMERR R, BRETEIE KT RS T AR LER L.
AKSCT FRARZS - SR 0. 28 2 i) v fi e 14, T S5 ol T 38 R T PR SRR e 2 R K ST AR
IR, 2 0. 18 BTN T 6 PR IOK SO T I R R BT T e 5 B

KR KSCRIR T RAEHG T RS T R B 5 D /RPH SR HEATRL ; B PRI

Changing properties of meteor-hydrological droughts of the Lake Poyang Basin using the
Markov model

SUN Peng'?, ZHANG Qiang’”**, TU Xinjun*** & JIANG Tao’"*

(1: College of Territorial Resources and Tourism, Anhui Normal University, Wuhu 241003, P. R. China)

(2: Department of Water Resources and Environment, Sun Yat-sen University, Guangzhou 510275, P. R. China)

(3. Key Laboratory of Water Cycle and Water Security in Southern China of Guangdong High Education Institute, Sun Yat-sen
University, Guangzhou 510275, P. R. China)

(4. Key Laboratory of Poyang Lake Wetland and Watershed Research, Ministry of Education, Jiangxi Normal University, Nan-
chang 330022, P. R. China)

Abstract; Combined analysis of precipitation and water scarcity was done with using SPI and SRI indices. Time series of the
hydro-meteorological conditions were investigated as discrete state, discrete-time Markov chain with aim to explore transition be-
tween drought conditions in terms of frequency, residence time, and interim period from one drought condition to another. Besides,
prediction of drought conditions were also conducted. The results indicate that; (1) The drought hazards do have its massive nega-
tive impacts during its initial conditions in the Xiuhe River basin; and manifest its negative impacts during its developing conditions
of the droughts in the Fuhe and Xiuhe River basins; in the Ganjiang and Raohe River basins, however, the droughts have its grea-
test impacts during lasting time intervals; (2) The occurrence probability of meteor-hydrological droughts of the Poyang Lake is
characterized by continuing wet or dry conditions. Transition between meteorological wetness to hydrological drought is subject to

lower probability in the Lake Poyang Basin; (3) The prediction of droughts indicates that the transitional probability from the 2nd
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condition to hydrological drought is the lowest and the transitional probability from the 1st (or 3rd) condition to the 4th condition
is the largest. The transitional probability from the 1st, 2nd and 3rd condition to hydrological drought is the lowest in Xiuhe River
Basin. However, The transitional probability from the 1st and 2nd condition to hydrological drought is the largest in Ganjiang River
Basin The results of this study will be of great merits in terms of human mitigation to droughts in a changing environment.

Keywords ; Meteor-hydrological drought index; transition of drought conditions; drought prediction; Markov Model; Lake Poyang

Basin

R BH A 23 1 B BB R AR KIATA | TR] Bt 2 KT 3R B AR A, E R LIR R B R
WEHK ORI LY ZFE SRR A A S Pt Tige. BB ERE T RAESDIREF K2 — WERiHA A
RIS SREMSIRE AR Z "2 5 1990s Lk, 5 H 35 5 480 7k 7k T 52 35440 2 2 00 051 5 T 434
I R SR i LRI K S AR AR 20 2D LK, IR G R B R I A, 2003 2006 Fil
2007 AFERFRRELAT KSR 1A 2011 AR 5207 5 01 S BORERA I LR A , ™ BB E B X LT 07 m R H]
K4 IR AT B e .

I PA) 412 2 % 385 B A S ) 7K SRR 7 AN AR AT R S, IR IS h T 3R0 PR A T
SRR AE A TRITSE , $ 7 S AL X AT P - AR AL G SR 101 AR TR B ki - SRS 2
AR A A 5 IX S 4 Hh T 38 BH A X 8 AN L5+ A BERF S B0 BRI T R AR E. TR EESNR
SR KT R Al T R A2 2 TR Xk T B B sk S R >, His 2 A TR
/PR R BRI T R T REME G T REMR M RIRATIR. EFI, A @ FRIETREK
T RARVRARSE & 1 T 4E T RRE AR G 35 R BFIBEAEAY , 50 I8 B | T8 AR R 2L T TG 0 A 181
WA T R FMATHRY , BRI AR 6 A~ H 5K SCT R BK SCT RS 1Z I 57 % 5 BH 5 37 38 1 4t
BEAEZENRIF SR L.

11|4° 11|6° 11|8° 1 ?‘5{ *E ;E;}F

AR SC T A 0 Sk 0 BE A 98 48 K S
il (Hh N 22500 g BT R K
1) 1956 —2005 4K 7 51| F 42 i & e k), B
BEAIEF VLG 48 7K SRy 5 7K SCHE i o L i AH
LAY B A 1956 — 2005 4F K FE81 A
Wi, WERETER L0 (B ). &
Bl BT — 5 AR 3R, A2 U B Bk Y A
P BUB I BE ARTJS 3 d S, Bk i
R T Sk 3 o e 2R M A T R A T A

30°

280

2 [Tk
2.1 SPI-SRI +2iE#
A K30 N w . .
267 o %k WRIFEALAR T 36 21 ( standardized runoff in-
---------- 66.7 km2Ll |4 | dex, SRI)JELL McKee 42 1 (445 #E 16 B R 45
Wi %4 ( standardized precipitation index, SPI) Jy
-k SRR ™. A BT R R

A, 5 A AR i i A LA, A AR

Y 66.7 km2lJ L
TR P (R B A K T 1 B i 2 R K

1 B SR A Rt R R REAR A7 ik 95 B (6
KPR H BB SPI ¥y J5 30 ik J& McKee 2542 1) 4 5

Fig. 1 Location of hydrological stations, meteorological () 53 A AR 5 2 12 oA S TR — B IR JUBE Y
stations, water reservoirs in the Lake Poyang Basin ek RPMEA. R IHBRFEA Y A AH G,



I OMEF R T L RARABER G AR ABAK L AR T IR 1179

A ] e 8 R 6] 0y B9 SPEESE 3 ST, #-5 E2 Re A 2 R AN A1 91 Y SPEAEL. {BOE T 1) RUBE Sy

A BB ERE KRR AR (R m 13,6 1224 55) MRUIELE m A H 19 A BEKGORLRAL 158 m A A 2
F“7J<J?§'J 1 2K P8 BT AT A0 rh 5N A 3 B9 EL, T2 53 — AN 81 (9 n e B 1956 — 2005 4= 7
HAUrEIE) >R Gamma %#EXTEEB@% Be2e 58 U , T R AR RRE K 59 R ARMEAR, 130 2o bR 1E 2500 A1 S R
BORAR AR EIE A3, BT 45 SR R 0% T 03 B AR HERE K S8 B (8, BRI A P JR 225 S0k [ 15-16 ]
S I RUBE (1,36 %) (9 SRI I SPIE AT AW VR 2E A R IR A B R 60 bl B8 PR A 97 5 L
Z T A 2 0 8 3 e 0 11 S T A 2 R e K TR AR SIS SPT Y R R 3
.

ARSCHEST — AN ) e B T RS ——SPI-SRI X RSB Sk S BEATWFSE. SPL A SR #RIR MY
(A5 2E AR B IE A5 735, SPLAT SRI AR 5 R BUZBUE S 73 A B B (B 2) AR 4 Eyton Xof — 275 &t (1 A
KRBT FOTIET R FRGE KA R A0 A3 0 40 43 JC RS MU Guttman 5 ) SPT 1 JC {1 2
[ -0.5, 0.5] , A& SRITCFREM B[ -0.5, 0.5], It Jo 5235 G s a0l &2 SPL A SRI 4r T
~0.5F10.5 (8], [F]WfJC A4 i s A0 AL BRI A3 (0, 0) A9 S5 FRBEES/NT 0.5, B FRHRES 3R 7m Kt i) Py
JrZERE R, BRI 2 AR AR AL RE B9 75 0. S IRIGBE BN R B9 2, B 7 B 45 Rl R
Z AR AR 3 0] LASERRAS B 2 (AR G T8, X 2E/NT 0.5 Eh R B SPI-SRI —#E7s i i JE IR — 145
MR AT, A 58] PR 14 50 2Ry T ROIR A WG B SM ) SPI-SRI — 2748tk i ) 73 S A Al SPT A SRIfE S 0 2
I OC 2R A SCHS SPI-SRI — A8 44l 538y 5 A4, AR DL 1.

3 1 SPI-SRI #5455 T R 48R i RS T 43
Tab. 1 SPI-SRI categories

s SPI i SRI{f HICEERS D
A1 K4 KSR -0.5<SPI<0.5 -0.5<SRI<0.5 D<0.5
RE2 KRG IKSCRIE SPI>0.5 SRI>0.5 D=0.5
A3 B4 15 K SPI< -0.5 SRI >0.5 D=0.5
A 4 4 KCTE SPI< -0.5 SRI< -0.5 D=0.5
RS KGR KT H SPI>0.5 SRI< -0.5 D=0.5

2.2 BR#KRE
B RBEREEA S RS ILHEBIRE N 1,2, m e — B 2R S MRS Z — 58
*E%%:—)‘PU []8:%7:
py(nyk) = P(Xu+k =j‘X” = l) (1‘5./ = 152"" ,m; n9kﬂ‘jﬂzgﬁ) (1)

S

Py = ni//Znu (2)

L, py (ny k) TR 2] n RS G & b PHBEPRES J BOBER. — N5 py(n,k) Sijk MoK 4
pi(n,k) 5 i,j,k A n Joo (SRR TER) I, IR N FF /R B 6E. il SR p, 73505 X,
X, WESE m A~ H HIRZSH S 1 0 301 EE S B I 1) FER S & BILIRAS J 1R P-4 1 s g i)

— B Eh SRR RAE AR — 5 REAR L Hb 53 W7 6 ) P 51 3o L AR SCIE Y ATC SR 2 e — B £ SR L A A il
T E R BFRBR G T IEAG , ATC {ERRAEG , 2 WIS LB 15 78 B 38

AIC(r) =—-2L, +5(S-1) (3)
Ho ) Ly FUL, 435000
2 va - In(p,) (4)

S S

Z),n;, In(pyy) (5)

s
0

h=0 i=



1180 J. Lake Sci. (#1:84+%),2015,27(6)

A, Ly Ly SR — BB TR R BB AP A
M P R e BE MR 5 AR S LI L A5 A2 T G A ST Kt T/ B et 9
SRHE™ . SRR AR T, S

X = Z (ny ;e") (6)
3;/ - J= = (7)
n
Krp,n AR R,
3 ERESHH

3.1 ZETRIERSH

O BA MR VT BT A5 VL G FE /K Y SPI-SRI £ T 248 BOH 3¢ R UL R 2 R4 2% 2 1953 2bn
W, 44 SPI-SRI 2545 T 24880 40 5 AVRES MR I ) s RFDIRAS 1, R4 T RIE it # , R 3 BT R
WA BE—— R ST 5, i TS Mk 5 R b 2K FE IR A0 T Tk SCF R CIRZS 4) s R IE FEK
H R, ARG T A5 LR E SIIE 7 s B B RAS , (R AS SR LAST 09K & /K SCT 5230 1E 7 sk # iR A4,
RS 5 RESEA TR OKSCTRIPIRES. SRR AR DR K S5 3 1E 3 2k 5 IR 2 i et 488, 3 i
BAIRAS 5 FmpIRAS 1 s RE 2. MIBARK(3) ~ (5), FPHBI A LA 25 sU8E 406 2 B Gt Tl AIC
RN — B, B S R B I AL A TTAT , & IR TT. 30T A5 VT BRIl FIAE Tl (14— o 2 R AL R AR AU AIC
{H (1062 1310 1260 1262 il 1399) T — i T /R Bl R AERL T AIC {5 (2134 2591 2454 2467 F12757) , A
AR S — B T AR B IS R R Jg T SPI-SRI 23 4T S35 B n e AY. &1 3 5 /- B BH A Wi 38 SPI-SRI 4%
FEAE TR —FL, 7E 1950s— 1960s F1 1980s, B FH IS L5 0 32 5 98 A 1990s LU, %5 BH I 7 45k LA 1t 55 4
3, HR 2000 42 5 i T Rk s, HAbR [ B R R e g L .

o1 o022y al3%y A4 5%
4

2

|
I
1

SRI SRI

P& 2 B/ BHITALIK SO G X 25 A T A8 B OC &=
Fig.2 The SRI and SPI correlation plots for the coupled hydrological stations and

meteorological stations in Lake Poyang Basin
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developed for individual locations in Lake Poyang Basin
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