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Changes in compound hydrological drought-heat wave events in the Yellow River Basin and relative contribution
analysis//Yang Yulu, Chen Jie( State Key Laboratory of Water Resources Engineering and Management, Wuhan University )
Abstract: Based on the calibrated data of ten global climate models of CMIP6 using quantile mapping method, the VIC
distributed hydrological model was driven to simulate the runoff of the Yellow River Basin. The standardized runoff index
was used to characterize hydrological drought, and the heat wave intensity was used to characterize heat waves. The change
characteristics of future compound hydrological drought-heat wave events ( compound events) were characterized from three
dimensions, including duration, frequency, and intensity. And the relative contribution of single events and their
interactions to the changes in compound events was quantified. The results indicate that hydrological drought events have
obvious regional characteristics in future changes. The hydrological drought risk in the upstream Ordos Plateau region may
increase, and the estimated drought duration in some areas of the upper and middle reaches may be shortened by 1-2
months, with a 25% to 50% decrease in intensity, compared to historical periods. With the increase in greenhouse gas
emissions concentration and the passage of time, the duration, frequency, and intensity of heat waves and compound events
in the Yellow River Basin have shown an increasing trend. Under three scenarios of SSP1-2. 6, SSP2-4.5, and SSP5-8. 5,
the duration of the composite event is prolonged by 0. 1-12 d, the frequency increases by 0. 1-2 times per year, and the
intensity increases by 10%-230%. The increase in heat waves is the main reason for the changes in future compound
events. In most areas of the Yellow River Basin, the relative contribution of heat waves in the near future is 60% or more,
and in the long term it will rise to 70%. The relative contribution of interaction to the changes in compound events is
relatively low, with a proportion of 20% or less in both the near and far future periods.
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Fig.2 Schematic diagram of compound event definition
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Fig.4 Duration change of hydrological drought, heatwaves, and compound events in the Yellow River Basin

under future scenarios relative to historical periods

.84 -



Bl 0~12d, KIS G 44 D i 28 A L A
0~3 d; A M 8 125 Ak M 2 3% K, SSP1-2. 6 il SSP2-
4.5 15t F RIS 1~5d,SSP5-8. 5 T 5 T AY
AR IR 6 ~ 12 d, X PR b fa 5 il HUR K
TR EEA DG, il AR B K] B S 2L
K 7% L TR K SC 20, 18 i A
K& &R FEEET ],
3.2.2 AT

K5 A ER K SCT R SRR R E A F
PRI AE A R AN [R) 1 55 T FH 61 s B 0 1 A
fbo HE SCa) ~ (f) AT UL, ARk | 3z HA 3] g 3k
IR SCF SRR AE R 43 1 X AR 35T 7 S B A BT 3
i, It H 2 e rh e LA AR B XS, AR AR R 0 ~
0.4 W/ a; 553 DX 8 0 4 5 v it B B A 1 e AR S 1)
HINBREE T 0.4 R/a, b iEdR o XK SC T 5
%mTTﬂ%FF%TWﬁﬁmW\ixﬁ%ﬂm
0.1~0.3 WK/a, KK 0.1~0. 4 K/a, (BAE

b g e

(b) SSP2-4.5 A KWK L T-H

(a) SSP1-2.6 A kil /K SC T 7

S

(e) SSP2-4.5 KL WK ST

(d) SSP1-2.6 AWK T2

S

(g) SSP1-2.6 A ki ] iR H

(j) SSP1-2.6 ASRHL i il IR

(m) SSP1-2.6 AT A1)

(p) SSP1-2.6 ASRIEHIEZ A=t
B 5 #FaREAXFRE . SERREREAEHHMXERKRARBESETHEHR FHERBENTL

Fig.5 Frequency change of hydrological drought, heatwaves, and compound events in the Yellow River Basin

(h) SSP2-4.5 ASFUr I i IR

el ol -

(k) SSP2-4.5 A ] =y AR

(n) SSP2-4.5 KA W &t

el ol |

(q) SSP2-4.5 KSRH & Ak

Szt K SC AR D (T RN T X RR AR
b5 AR K i3 A AN 51 A G, B K i /b
BT PSR IR 5 X K e R A AR AR,
Ab IR ST IR A AR I 2 T AR 5 D ) i) A2 Ak 2
TRSEIE R, RITR] — DXk 152 Dy s A BRI
S ZIRER X5 X B AT s A R — 2,

HIE 5 (g) ~ (1) AT DL 3307 35t 3 e 3 A0 A0 vk
FEARRAS)E 5 A0 B 7 s st 309 3405 Fir 348 i, 344 Wi
I EUER] Es R Ra , S oA b
TR R U | 5 SR A %) v i AT AT 3 W e v, R T
PR AL, R ARG IR 2~ 4 R/ a, R
2~6 W/a; FURIYILZAR Y B 38 IR AR X A/ Aok ik
WA 1~2 W/ a, B Hh 2~4 W/a, ARSI T
(1) i TR PR AT R AR A A BT [R], 72 SSP1-2. 6 1 5%
T, ARSI SR A H D S B R 24 3 YK/ a,
%m45ﬁ%?ﬁﬁ%4mm595&$%%T%

IRE K, ATIk 5.8 /a, &5 BITIAR , mHEROHR B 5t

2 KSR/ )
0.4

(¢) SSP5-8.5 A il /K C T 7 0.2
0

-0.2
-0.4

(f) SSP5-8.5 A SRHEHIK T2

: T TR PRI/ (K /a)
. 5.8
5.0

(i) SSP5-8.5 A3 H iR AR 42

(1) SSP5-8.5 A ] i A

BRI )
2.0

(o) SSP5-8.5 KANKATWIE A F

(r) SSP5-8.5 AL A h

under future scenarios relative to historical periods

. 85 -



T, v RIS 3 i B SR SR Z BT B VY R
TSR DU | b B O

L S(m) ~ (r) A UL, IR AR AR T ARG 1 B
TR AR 5 G S RIS IR 1~2 IR/ a, KoK
UTIAIE IR AN AT 1 R/ a, X R BB S S AR e ]
BEFMFUARE m—R5 L 26 L e
TIE A FOEIR A3 0E R P IL2  AR R g
Mo T R AR IR 22 3 v i Xl & SR
sk 3 IR AT IR 1.5 WKa, 45A mIRAVR
DR, 75 78K e D i DX A Sk mT R T I 1 Dy s v A
YA A S, 2 0 YT A0 1 G A X,
PEAh AR N IR AR A 22 5
SSP1-2. 6 15 T, # M i AL (R &2 & F Ik As 1k
B JEREIR 0~ 1 R/ a, FIKSR A 0] A BRI
I B ; SSPS-8. 5 15, & A S 40 ik 4
MR, P K 1~ 2 YR/a, ™ T i e HE O
SRR AR FE R RAEN

(a) SSP1-2.6 A kil /K LT 7

(d) SSP1-2.6 AKSRZEHIK LT

(g) SSP1-2.6 A AT I 1= AR

(p) SSP1-2.6 ASRIEHIE A=

(b) SSP2-4.5 R HIK LT H
(e) SSP2-4.5 ARIEIK ST 5
(h) SSP2-4.5 AT R HIR
(k) SSP2-4.5 A ] il PR
(n)¥m45$%ﬁﬁﬁé$#

110
60
30
0

(q) SSP2-4.5 KSRi & A=k

3.2.3 AATA

Bl 6 R E UK SCT 5 iR AR L E A
PR BB AE AR AS [ 1 52 F AR X D7 sk A 1 A%
fb. HE 6(a) ~ (f) Al U, #E ] i K SC+ R 50
St I EAR K R BT 5Dy iR A N A FL
JERE, BRI 3 X SR ke d 3 1A 7 7K S
T B Z B AR K~ 50% ~ 50% . i TG E T F1E T
DX ] 7K ST B0 AT BTN, 228 1 2k = 20% ~ 50%
05K 22 30 v D R G T 31 DX ) 7K S SR A R A
I, AR R R 20% ~ 50% ;7 B Sk SO AR R
TN R A B i B R R 10% ~ 50% , FEAS T
BEAE SSP5-8. 5 E 5T, AR AR i W A 7K SC T
PR T R AR 5 Zhou
S IR A R — S

I 6(g) ~ (1) AT 0L, AN [R5 N B
S A SR 1 v T ARTR B B AR AR 5 1 B A AL, (E B Y
AR E K, AR ) = iR AR B B T

-,

KT B %

50

25
(¢) SSP5-8.5 A feil /K C T3

o FEIRIIRELUE %

250
210
(1) SSP5-8.5 A ACHE Il f kA ;ﬁ
70
50
30
10
, ZEFENFE%
225
200
. 175
(o) SSP5-8.5 AL Ak 150

(r) SSP5-8.5 AN A =h

E6 BARBANTRE.SERARRESEHHNIUEERRARER THENTHERNBFNEL

Fig. 6 Intensity change of hydrological drought, heatwaves, and compound events in the Yellow River Basin

under future scenarios relative to historical periods
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