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Study on propagation characteristics of meteorological drought to ecological drought in the Tarim River Basin//
Xue Lianging'?, Cao Mengyuan', Liu Yuanhong’ , Chu Xinyi*, Xu Ruoshi'( 1. College of Hydrology and Water Resources
Hohai University; 2. School of Hydraulic Engineering, Wanjiang University of Technology; 3. College of Agricultural Science
and Engineering, Hohai University; 4. Huai’ an Branch of Jiangsu Provincial Hydrology and Water Resources Survey
Bureau)

Abstract: The standardized precipitation evapotranspiration index and the standardized ecological drought index based on
the entropy-weighted Euclidean distance method in the Tarim River Basin were constructed. The three-threshold run theory
and Copula function were introduced to quantify the characteristics of meteorological drought propagating into ecological
drought using propagation ratios and triggering thresholds, revealing the dominant driving factors. The results indicate that
the frequency, duration, and intensity of ecological drought in the Tarim River Basin from 1983 to 2022 are higher than
those of meteorological drought. The propagating ratio of meteorological drought propagating to ecological drought is 0. 1~0.
9, with a triggering threshold of —2. 5~ —0. 05. The propagating characteristics have spatial heterogeneity, and the
propagating risk decreases from near desert areas to the surrounding areas. The propagating ratio slightly increased in 80%
of the Tarim River Basin, while the triggering threshold significantly increased in the southern near desert area and the
northern Aksu River area (with a maximum increase rate of 1.5 per 10 a). The contribution rates of each driving factor are
similar, with solar radiation (20. 1% ) and potential evapotranspiration (21.3%) being the dominant driving factors in
regions with significant changes in propagation ratio.

Key words: meteorological drought; ecological drought; run theory; Copula function; the Tarim River Basin
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Fig.1 Overview of the Tarim River Basin
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Fig.2 Schematic diagram of identifying drought events

using run theory

2.3 TEEBHIENER
2.3.1 H##Hi
LR AR T FALRR R OCHEFE AR, Sz iule DX Jgoxf
G TR IHHT ) LB AN [ 25 201 5 fid i 1918
AT Copula PREFIEE SPEL 5 SEDI 1% &
RO AL R L, Copula PREUVE N —FP £
JCO TN, AT LG A 8 A BAT A R B
R BEPLE ) T T BRI L . A
B Gaussian .Clayton , Gumbel | Frank . ¢ AR 5 b
Copula BREL ) I 2% i A7 I8, DU ( ATC) 9 32 7
IS BB Al Copula PREL, # % SPET 5 SEDI fHHX
EXE
P(ly < Iy, Iy < I'gy) =C(u,v) (10)
2 w0 43901k SPET SEDI J3 81 119341 % 43 Aii sRAL
C( - ) NIEER Copula BREG T, Iy 5T HINASL
TEREAA ST R BIE , A SR T g, =-1,1',=0.2,
TEMCHER b il 25 PR AL R L TR A
XN
P =P(ly <I'gl 1, <I'y,)=C(u,v)/u
(11)
AP, AERE L A BOR , R TER E R T 7
SR EE T AR 5 ) A ST 5 A4 AR By
2.3.2 RRARBMAE
fih 52 1850 (L A2 18 i 4 A AR S T R X
FTRE HTRIEIR TR ESTREE
I A, BTG RE Lo it SO, A SOl i 18 20 [
i SPELE Y T5 ¥ , FHRAEALHE LL 1 UGA B 80
B L (AR SCH 0. 6) 19 SPET A #F HoE o fih &
BfE . SPEI fEAR T 805 Tl & BUE I, TR T F6E
- 104 -

i LU 60% ML R AR E M i & AE ST 2. itk
BIER N, Fons | K AES T RITH WAL T 2R E
T il R (R K  FOR B R R TR R 5 R A
STR AESRENIE T REMHUK,
2.3.3 MHAW 5 IR E T 54
Ma %1 [ BIF 9 3 A% 4% b 5 fil 2 159 {8 7 25 i)

& Jry AR A a3 I B — 3, B 2 3 T AR
BRI, HL K 20 R B mk s X e 4 0 52— Bk
PRI, A SCIE BRUAR 3 LUAE S T SRR i A 3R
BhRIT R BRI W 5 9K 5 A o b7, SR A e
BEGASEE R T M M-K K510 58, DA
20a KB E O, EAR T RE FEEEUREAE 4—10 A
(1938 AL LU AR A, T8 A% 1 Lo 1Y B[]
FEHVEESE , fHFH M-K #3560 50 & 1% oo 1% 1%
FLAYZE AR RA A IR Sen” s R LI #E 34
AR RE > TR R A b 3 B XU
AR M-K ¥ 5%F NDVL SR (T) FEKE(P) W%
FEZERUR (ET,) SM K FHERST (RS ) 6 4SRN A 73t
FFVEAL , 43 5 A B — 3K 20 R )5 B MK 52
T, #F ABRZ IR N 7 5 SR R 83, i nT
IR X AL AR R S LA i 2 R T, R
FEIKZ T, R M-K GeitaitEmn=h.

Z'=Z ~r 2/ (A =r.)m(m~1)(2m +5)/18
(12)
A2 e M-K Geitie; 2, Z, 5000 fik & (S
BN FH9 M-K Seitit s, N A BAHC R
S IR - sk A AR

Zo -7
W X 100% (13)

Z, (ZMK - Zi)
RIS T M-K Seiti R+ AL 48 KU 7E
WFFE IR ) B AR AZ A 3 s 2, S5 i IR A7 1Y
M-K Geith

3 ERESW

3.1 TREEHFESH

BT 1983—2022 4 3 HLOK ) I Bk SPEL Al
SEDI 4 K= H P 7 r AR TR AES T2
FRIE, T 500K P38 SR 2Lt (] P34 5L i
(2S5 aniEl 3 frs, BB 3 Al 0L A+ 50
PR =35 36, 32 5% M 31 [l 43 5T 4 51X A3
M, AT BRI B ik 44, 32 52 W 31 R 78 3% e
Fir 3G VDR 3 A DX DL S AR X s, 3 vehn g
bR L BTN b e X i A EROF5 .o e =Y. ) VA R 4 ¢
EERICN A ST 2R K ik 38 H, A4 T

CRi



Sh
TR

o s

e g I5.6 a
“ K 28 150300 km 3,
(a) THTFRHR 0 (b) K& TRsgmE O =" () RGBT FHE -5.2
i . one - <@ .
e - 2 ;. b
R T e O v o TR
. 9% 119 1,
(d) BT RHK 0 (o) AT ISR 0 () EETFREE o

B3 1983—2022 FERAFARBSK T REMEST RNFFERER

Fig.3 Characteristic indexes of meteorological drought and ecological drought in the Tarim River Basin from 1983 to 2022
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Fig. 4 Spatial distribution of drought propagation ratio and trigger threshold in the Tarim River Basin from 1983 to 2022
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Fig.5 Change trend of drought propagation ratio and trigger threshold in Tarim River Basin from 1983 to 2022
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