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Meteorological drought to hydrological drought propagation characteristics in the Jinsha River Basin and their
prediction under future scenarios based on causal analysis//ZHANG Dan', YAO Wei', XIAO Hua', YUAN Ruwei’,
LIANG Hanxu® ( 1. Changjiang Survey, Planning, Design and Research Co. , Lid. , Wuhan 430010, China; 2. Hebei
Hydrologic Survey and Research Center, Shijiazhuang 050031, China; 3. State Key Laboratory of Water Resources and
Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: To explore the development mechanism and reduce the loss of droughts, based on standardized precipitation and
runoff indices, the meteorological drought to hydrological drought propagation characteristics in the Jinsha River Basin were
revealed from the perspective of causality using the convergent cross mapping method. The drought propagation
characteristics under future climate scenarios were predicted using the CMIP6 climate model. The results show that the
drought propagation time in the Jinsha River Basin during the historical period from 1985 to 2014 was one month and six to
eight months in wet and dry seasons, respectively. The propagation rate in wet season during the historical period was larger
(0.90~0.97) than that in dry season (0.89~0.93), and it was the largest at Pingshan Station, followed by that at Shigu
Station, and lowest at Xiaodeshi Station. The drought propagation time in the future from 2030 to 2089 in the basin will
have little change during wet season, but have a significant spatial difference during dry season, and it will be shortened by
one month at Shigu and Pingshan stations in the mainstream, while be extended by one to two months at Xiaodeshi Station
in the tributary. The drought propagation rate in the future will increase in the basin, with a small increase in wet season
(2.50%~9.83%) and a large increase in dry season (5.82% ~11.72%). In terms of spatial distribution, Xiaodeshi
Station will have a larger increase in the drought propagation rate in the future, followed by Shigu Station, and Pingshan
Station will have the smallest increase. Moreover, the differences in the increase of drought propagation rates between
different climate scenarios will be relatively small in the future.

Key words: drought propagation; climate change; convergent cross mapping; causal analysis; the Jinsha River Basin

ELWB MR E LM I RIBUE (2021YFC3200302)
EB B9k (1994—) 20, AR, 1, FEENF K IREHATS . E-mail : zhangdan_main@ 163. com
BISIEE ML (1999—) , 55 WLFsE A EENFKSOUKFENIF . E-mail : 767355988@ qq. com

- 158 -



R WS PR 22 C TR S =N 51 23 NI E R 22
Jing R SHIG EEARKEZ —, T5
HWHE AL TR KT R Lol TRt a5
TR AT REHMT R E RS, FHENR
FFREFI LN TR KT RED T REHE
A A 2 VI R S 2 AR AL G
R AL KT B E R RIS 3 1 F N SIS
FITZ A AT ARG KT R %
FERHIEA B T 3R T 52 00 2 R SR LB, 1 0 51
W W P LR A PR RE S

KGR FAG R R 2 24 T FALFE i
FIRMER RS 58 T AR AR W WA Gty
A M AN Copula pREL | T
0 REAILARBR ) S R G b I
HITIZ, Liu U T T R R 2 R RRE,
K FHAH GBI 43 ARG 1L BT 35 BRI 3t
R R eI TIPS S AU LS b NS 3 d e 23
PEAH G AT DA 3R 79 A B [0 91 ] 1) 422 30 2 B, uf LA
FAET AR I b, Ak, Sugihara 2507 35 HY
B T OV SCHIAETE , FHOCOC R BEA & LR E R 1Y 58
oy AR L B LR AR Lt 3l 1 R G
H, HIERIAS RSB T AR S
FRLR 1 R SCE S | iR 20N R SR R £ 4 s T
TERERINTENLT . AR, S8 A e iy st e R SR 4
BT 95 R A U ) AR I T R T Shi
L0 JLF YL BSE S (convergent cross mapping,
CCM) B3k PR SR P 9 A PR 9 1 R VL I B8l RN T
TR A R K ST FARRR AL IR SE T2 7E 1Y
AR, JUHAE T FALHRE Ty I A I v AR ERAZ SR
FIEAHT A H, Shiau 252 F/FERHH CCM
RAHERR Ty 1 TR0 T K PEA BT 50 T & TS R AR AR I
BRSO SCT AR RE . IR SR, R
AT R RS T AL R FRAE SR AL TR LA, T —
HAHET

SUPTLREUE R /KL HPE L T AR KR X 5 rh
FE e R L i X 3K BE TR IR =, BT
25 JE L ATE K R ) R0 IR | TR |
BB IOK A B2 1.8 /L kW « h, 323 f%
ARSI, AR A VT T R A, X X K S
RER 22 Gl ™ 5L U ) L AR R AR AR I ] R ik
— 2N K SCHE PR Ik A, I 38 ek e A e K i B 4
SELERWNI o B EN T TR0 a =1 5,
HETT R T R ARIE AL f2 2 BHan, B
S IE T HRoB CMIP6 S Al T & VT
BARFEAK BRI RR T 5 KT R
P AT RAERR R A il — BT

ARTCHET CCM Bk, WPRUER PRI M #8781 46
TSR BOARR TG K S AR AL, T
FEAERET O UV 5 0 5 Bh e 2
%A BT T R EUK SR LS A B

1 WRXERSHEFRIE

1.1 HREHER

GV IT i I (24°28' N ~ 35°46" N, 90°23'E ~
104°37'E) i Ab K VL F i, &R T 7 4 R hril
Jik, 5 5 2= % v DR DU 1] F MV 2%, 9 3w AR
47.5 77 km® 29 5 AR VL ALY 26. 3%, T
A 3486 km, LA TH I VU, = R DU AT 5N
545 X, U s M P b AR R AR, AR 25 R 0t
6000 m( & 1), H [ SR BIES M52 S0, S I Ay 7
Hby | BB S5 M AR B A A DB N S 25 T
FUO L SUTT LR R S KA R
A -4.8~9.5C A F-HRE/K &R 249 ~810 mm , 4F.
SRR 631 ~1316 m*/s, H K STl Ry A7 8k
SV VL AR U DR 43 Y 2 KU, AT
PSRN 12. 7 ~ 14, 6°C, 4 H K B4 631 ~
1105 mm , 433 50 821 ~2419 m’/s, H K 3¢
it DA 5 L3 5 4 VD VL S I 28 VI S R 4 T v D
LA, XA 2R A 6. 9~8. 9°C 4R -2 %
KK 613 ~ 911 mm, FFF &R 1 164 ~
2140 m’/s, H FIKSCu /MG A, il As i 2
AR KRN LR RS A R K, A, VTR
WOKBETHIRF 5 |, TR E AR /K B kb, H AT
PRI NG 40 AR5 BEHLZ I 9000 J7 kW,

>z

1451
A K
— IR

O i A
R /m

m 6575

e 249 0 150 300 km

E1 &TREe
Fig.1 Overview of the Jinsha River Basin
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Fig.2 Convergence correlation coefficients varying

with lag time in historical period of the Jinsha River Basin
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Fig.3 Future precipitation and runoff of the Jinsha River Basin
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Fig.4 Drought propagation characteristics in different periods of the Jinsha River Basin in future
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