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Abstract

Flash drought is a recently proposed drought concept characterized by rapid onset, high intensity, and se-
vere impacts, making it more challenging to predict and leaving limited time for emergency response. It
poses serious threats to ecosystems, agriculture, and socio-economic systems. However, current research
on flash droughts still faces challenges, particularly in identifying key influencing factors and systematically
understanding their driving mechanisms. Taking the Changjiang River Basin as an example, the formation
mechanisms of flash droughts are complex, with significant regional differences in influencing factors. A
comprehensive understanding of the response mechanisms across sub-basins at the whole-basin scale is
still lacking. This study identifies flash drought events based on root-zone soil moisture and analyzes their
driving mechanisms in the Changjiang River Basin using the XGBoost-SHAP approach. Furthermore, spatio-
temporal variables are incorporated to investigate the evolution patterns of flash droughts. The results
show that the influencing factors of flash droughts vary significantly among sub-basins. After introducing
spatio-temporal variables, the R2 values of the models for all sub-basins improve obviously, and the pri-
mary influencing factors for both flash drought intensity and intensification rate shift to spatio-temporal
variables, indicating strong spatio-temporal dependency. Different sub-basins exhibit distinct responses to
spatio-temporal variables, reflecting the spatial heterogeneity of flash drought impact mechanisms. Differ-
ent sub-basins exhibit distinct responses to spatio-temporal variables, reflecting the spatial heterogeneity
of flash drought impact mechanisms. This study can support the development of a multi-factor synergistic
analysis framework for flash droughts, facilitate the establishment of sub-basin-specific prediction models,
and enhance early warning capabilities and regional adaptation strategies.

Keywords

Flash Drought, Influencing Factors, XGBoost-SHAP Method, Changjiang River Basin

Copyright © 2026 by author(s) and Wuhan University & Bureau of Hydrology, Changjiang Water Resources Commission.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

T F R ARV E N RE L AR K EZ —, JUTRm A S Ew (1] [2]. TER, ERFEEE ST, 2K
IKSCAOEHANRI[3] 4], e+ T F AR - %%Wﬁ—ﬁ%i¥$%%m,E&ﬁ¥$ﬂn%%%ﬁ,@9%ﬁ
KHFFAE T RIEY B, RAFRANIRZE

BRI O ER DN R ARE . T FIRE R B 2l E%ﬁﬁf%%&ﬁ“ﬁﬁﬁ”%“ﬂ?i
7, B4 Anderson %5(2013)2E T -3 WE S BROE T 8 LIRF 6], H RS EKAH “ = oHESL” [7], B [RIEH 2
PR Ko R S SERRFZ I = AN S, DAk SR A B BB R R T R RN IR R

B TR AR A2 B 7 R B 0 — R, K A R B R M DG F A, BRZR G S B /K 5 R ZE UK B2 I8 ]
PREN N 2 B TR X Bk HE, R TR SEAEER TR Lo - SER A B, (HERZ8d M AR R R
DRI, HAR AL E K2 EEHE LSS AN T-10[9], BRIIMAFE— € J5 PRI . A BRI S X IR AR PN GE R 8 ENRE .
FE IR R p E R, RS A2 S AE R S R RGBS [10]. SRR B IR HREEKER, &
HIRBANE ET. iGN, 1981~2020 4F EEEAR H X B ARG AN 23% [11]; A R 5 M i X D] sl et 4 438 7K 43
TR B R X [12]. X IR R 2 KA TR, il SR K P R mE 38 T 13]. XX ERR
HRRIGEAHIE, W1 2019 I8 A WIS SR R RIER 5] K [14]

DOI: 10.12677/jwrr.2026.152014 108 IKEEERIT 5T


https://doi.org/10.12677/jwrr.2026.152014
http://creativecommons.org/licenses/by/4.0/

BT XGBoost-SHAP F{I VLI I I 57 52 M X 25 7

HAESR, HhE R T RE R EE, W 2022 FERKITHEEE K T3 SEUREW 2 RIEIFUE 407.6 7336,
HAEATHNR 328 1470, R1fT, BA-KILIRIBIR 50 70 20 ARG AR AR R AE, (R I 7E G T 3R B A [H] B Bont 52
M EA] () ) 1 22 S F 9 B B 2 AR e SR RS R ) R G TS T A TR 2563 . IR RN R T TR A £
VAR, BREMERNZTAER, &SRR AR P 2R AER MR R EBRERY, 17 XGBoost-SHAP
BBV REE A AR A Z AR, T RS R 7, R RRHIE S H AR R (R AR LR M ¢ R S HREIEAE AR,
FEBEMRER. AU AKILREOT X, 5T 19792024 K75 X 38K EdE, R XGBoost-
SHAP J5i%, AT RE F(EREREK. k. SR KSR, BT AN S BB A S, FiE.
BRERAG%T5 55N IR R ARIE (PR a2 5 IR R 5R BE s2 I, FEER TSR] T I3 s AL (4 22 5

2. R X SHERIR
2.1. MFsRXE

KATIIRA, T AL 24.5°~35.5°. R4 90.5°~122.5° 2 i), HhEE#viy, WA SBEIE, 2P EE—. HAE
=R, BEARZ) 180 JF A AR, HE AN 18.8% A A . KIT T 4K 6300 A H, KRIETHEH
P, WA mE. Lk, A, ERSPREZSHMI, AR RERAZH. AUFFURYE FZSRK R R
R MR SERIL YT PUL TAEEWE. BRBHMA. AW R KL S5 Fim s & 1).

90° E 100° E 110° E 120° E
1 1 1 1
N
35° N+ A 35° N
30° N+ F30° N
25° N F25° N
K41
B e wmn [ | wemsk
C e [ somirinst
20° \ [ o [ i F20° N
[ wrns
Csmmns DEM@m)
Cwmme ™7
BT e G 7T
15° N Fi5° N
0 125 250 500 750 1,000
e - E— — (K
N oo 2
L} T T T
90° E 100° E 110° E 120° E

VE: 1% EET A YRR AR A TR B R S5 Xl T AR R SO GS(2022)4310 5 FRAEIE EIHIE, R EITEZ L.
E 1. KIRESEREFRESCE

2.2. WHEKIR
GLDAS “Ufr¥da (& 3K, BK. U RS RIET NASA 2R b A [F 10 2 G 80 %

DOI: 10.12677/jwrr.2026.152014 109 TR BLIRAEFT


https://doi.org/10.12677/jwrr.2026.152014

T XGBoost-SHAP [1K T du B8 5L 52 ) A 250 #r

(https:/ldas.gsfc.nasa.gov/gldas/) [15], H:H 1979~1999 F£ ¥z kI T GLDAS CLSM025 D 2.0 #i%, 2000~2024
SRR RIET GLDAS CLSM 3H 2.1 #%; DEM %4 KI5 T GEBCO 2023 4% (https:/www.gebco.net) [16]; i
130 SR VR T E S R R SR80 B0 (http:/www.geodata.cn); B Ab R ALSE B AEAE . H R R

RUE(S R)TIEE), ZRDFRG N 17 x 17, L7 iiEn .

3. IRFG=E
3.0. BEREENX

SRIAT YR SO AN, 7 BRI AT I H 5 AT IR SO 3. ACHIT FUR A 2 TAR X 43
IKIVBREARAITE[17], il 2 fraR,  HAR 5 wn R

1) K HRFERR X 387K Ak gt R
2) THEAE REEAR X 358K 43 i 52 8 4 4
3) T LUN RR AR AT R R«

a) MRIX K MEE 40 T AL FRERIEE 20 AR, HAEHREFEY T REEANT 5%.

b) MR X LK E T A5 20 | AL A ERTERE AL,
o) WML BADT 3 ik HAGEE 12 fix.

30 H]AY

AY

Spuns:
g ?ﬁfi‘h I _ RN E

Tissme

BREIN T = Tyepe + Trone

T

20

K E T ()

Ty e

10
— LI E S
20%JEHEL
0 T T T T T T T 1
2 4 6 8 10 12
e (f)

E 2. BERANREE

3.2. EF XGBoost-SHAP HNBEXME X ST

XGBoost &Rk FH FERTHHEZL AN 522 2 A RE A RUE L 24N H 15 H AR R Z [ ARV R AR 18]
o H AR RO AE SR BB IE AR T, e A DR AR BT RS 2, 40 R 5K

N
o =Y L(y, 3 )+Q(f)+e (1)
i=1
DOI: 10.12677/jwrr.2026.152014 110 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.152014
https://ldas.gsfc.nasa.gov/gldas/
https://www.gebco.net/
http://www.geodata.cn/

T XGBoost-SHAP [ Tt 2k 38 5 52 1 [R5 /0 #

Q(ft):72+%/liwf. 2)

Hr,  NFTAEMIISES, N ORARESE, L BkiE, FoRBSHE 5HNERSIRR, fAMER, ¢ F
B Q(f,) NIERHEI, A1 2 G A1 HE X2, Z Wit 740 d RS w, 958 j AT A

RIEERAAI A R, 5]\ SHAP MESE[19], JET Shapley {H AL S RFAEST TN L5 S vk, U5 SR
[AF. XGBoost 5 SHAP 454, BEREARIETRIIVERE, REPARAE T-52miHLH] . Shapley {H 115 AT

M-S5-1)!I]!
@, :Z(M—')H[F(SU{I})—F(S)} 3)
S .
Ho, SONARERAET MPTA TR T8, M ONRHEREL |S|0EE S hIRHES,  F(SULT) A EHRAET I
S TRIMME, F(S)A S MM,

XGBoost-SHAP #i 7! & XGBoost 5! 5 SHAP B M5k K454, o] T2 &4 m K =5 B hrAs &1
TIRRFERE, JFREA RIS R R A 22 HAEF .

4. BREIIE
41, BRASIER

RAFEFARX oK B U IR AT IR R I 98 R PR AR AR B A A 1 s
= 1. RESHTEGA

!
L SRV€ i T FE I B A 20 22 1) e A e AR DX S8 R B 5 AR D i3 PR B8 R A A B

DR RPN BEAARIX 48K 17 73 B S AR X 30K 20 1 73 B Z (A 0E 1

RREN U SRS B 2 L, W 2
PR A R B R B X K FT A H Dk 40% 55 2093 L FRA T4 F I, LI 2
5 P Y B B SRR BB, R, WL

P ) LR R B4 B R R LRI, 9 A

R B P B BTG S U R B R TR S A I

KAVLIIRIR RAFE S A 3 fon, BRE XIS EZ AT 28°N DAR, VL 2k 4 o8
%, KmED; EUR 28°N~32°N fl 102°E~108°E XA, URITILEB-SKITHR. MEBVLASI AR R T
SRS, HOT TR RS BT AL I A, (HZ X IR R T ) SR R A A A A IR T 1
SRR R, R X S R R URUR R R . R R BORIRR SRR BT o bl (] 40 A 1 B a0 7 P 3(e) I 3(h)
B, bR R B I 20 5 5T ) 20%3] 40%, FRE2BEZ  80%F] 60%, HIE IR HONFEE .

40°N (a) 40°N (b) 40°N (c)
36°N 36°Nq . =
d ..:‘i e . 2
i RS,
32°N 32°N s W s N o A — af.\
£y o L Jar o
s ‘M“ ; o
28°N 28°N | WL N -
24°N Km 24°N 24°N km
20°N 0 500 1000 1500 20°N 0 500 1000 1500 20°N 0 500 1000 1500
90°E  96°E 102°E 108°E 114°E 120°E 90°E  96°E 102°E 108°E 114°E 120°E 90°E  96°E 102°E 108°E 114°E 120°E
| |
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
P &

DOI: 10.12677/jwrr.2026.152014 111 KRR TT


https://doi.org/10.12677/jwrr.2026.152014

T XGBoost-SHAP [T it 1ok 98 S 52 1 [R 570 F

40°N ) 40°N ) 40°N U
BN BN BNL o
i T N i, T U T i —
B A e, CER T - T e, . - - N S 5 7 "
P R i L ., aoen] T EEGEEE R o aoen] o OEERGER D o
. ™ e e 5 - et i) L . : =
| : L A

2°N g e > 2°N g e > 2°N e >
gy p__\f gy ,,«f e ﬁ-«f

24°N - 24°N - - 24°N

km km km
20°N 0 500 1000 1500 20°N 0 500 1000 1500 20°N 0 500 1000 1500
90°E  96°E 102°E 108°E 114°E 120°E 90°E  96°E 102°E 108°E 114°E 120°E 90°E  96°E 102°E 108°E 114°E 120°E
0 1 2 3 4 5 0 1 2 3 4 5 6 7 0 2 4 6 8 10
& & &
40°N (9 40°N (h)
36°N R
a
& T
32°N -
28°N
24°N 24°N
U1 | R - — L km_ |
20°N 0 500 1000 1500 20°N 0 500 1000 1500
90°E  96°E 102°E 108°E 114°E 120°E 90°E  96°E 102°E 108°E 114°E 120°E
0 0.1 0.2 03 0.4 0.5 06 0 01 02 03 04 05 06 07

100% 100%

3. BESEZE G EAREFISRE RERE; b) BERBUE; o REBE; () RELARMEAN; ) RE
FEMBRAE; () BRELSHE; (9 BRELXRMEAISEL; (h REFEMERSE)

4.2. XGBoost =3

42.1. SHIEE

S KILRI T R0 UM S SCHR, EH ENSO. PDO. NAO. AO PUFEM e s, iR, HHKSE. %
BOR . BRKIORP S RAR &, LRI SRR (AT M. BRERGIET 55, 700 DTRG0 3 A0 08 550 5 1
NHEFRE R R, SRR E K H AR SRR AR A R R e 2 B, KRR 8:2 MLk
3 NINZREEFNASE S\ XGBoost B8 H . 41 B % 212308 0.05, B RIRES 6, BEHLRFELLGIN 0.8, Bilk
LA, (A CRUFASE R 2 ST Hd A 8, I 219 1000, FAEH RS Rk — Dl fd G, 4
FHANZ ARE T, &S 10 kRIS B A 1T, Wiz b IZk. 2T UL LS50 B 31T XGBoost-SHAP
BORTHEL, 77 IR 22 (RMSE) IR 2 R E (R & RBORBEAT VA

%% 2. XGBoost IBAHFEETEZREN

pentadl  BRFHEIGIEAERT TN BLN RE(FERREER)  ENSO  JE/RJEWE - M58 Tem gt

pentad2 DRESEA AL T T E R B (S W IR FF) PDO PN BRI M TNESP R F -V SM MRIXEHKEE

lon 33 NAO LR PG PEEBITE 5 Evap UK
lat 53553 AO e sh e E Rate REGRLR
alt S Pre F& K I IR Lo i

4.22. BRNESER

KEINBZSABERN, it & XGBoost B4 RMSE fl R? {15 3 fion, Fiia R? A1
0.311~0.821 2 [a], H P ARKMAR IR Rate AR ZE(R? = 0.311), 5 W 7% A8 w5 6o A AL 5k 38 2 e B BB
M AL R DA R o KV IR LA F IR B 75 A T I 3k 7 22 B B 35 B 52 ) [R] 1 O 18 AH 25 $8 2L (ENSO .

DOI: 10.12677/jwrr.2026.152014 112 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.152014

HF XGBoost-SHAP [1K VT it 1ak 98 5L 52 A 2570 #r

PDO ¢ NAO), At/ A M B0 3 Em K 73428 Evap, XEMKITHRIIRFEER BB EEZ
Evap K7, MIERFEEM B R EZ@A IR EOAE . SIANN TR EEHMEMEGERINE 4 Fir, BRI
Gb, HFIE R B H I B2 T, HR KR Rate 19 R2 M 0.311 3% 0.876, H A& R2ZHEFHITE 10%~60%
Z 6], S I 2 A B R R IR R AL A EEAE A, BRI TR e iR AR 2 7 BT
WA N AR B LA R2 gk KT 0.8, $FFAEE, HEHEFEMK 745N pentadl (FEPREFF), S
JE A AR A

3. I ANREEEACIRES FRETEFWE FRERUSHR

KT T it 4k I FZHmET RMSE R2 Rate = ZERZM T RMSE R?

AR/ TRE ) Temp 0.6741  0.5619 SM 0.6617  0.6196
KILTFR I ENSO 0.6817  0.5226 ENSO 0.6827  0.5755
ik NAO 0.5923  0.6071 Evap 0.6878 0.311

T B T A3 ENSO 0.6524  0.5485 Evap 0.4545  0.7779
S FH I Evap 0.5505  0.6612 Evap 0.4927  0.7713
VLI PDO 0.6135  0.6103 Evap 0.5987  0.6424

e AR TRE S SM 0.7032  0.4944 NAO 0.6818  0.5196
UYL 3 PDO 0.66 0.5279 Evap 0.8173  0.3559
RER Rk ENSO 0.4371  0.8182 Evap 04372  0.8214

F 4. SINRZEEEFKIRES FREFEZWE FRERUSHR

LI T4k I FEEmWEF RMSE R? Rate = ZL I T RMSE R2

DL lon 0.5493 0.709 alt 0.4446  0.8282
KILTFR RIS lon 0.5198  0.7162 lon 0.5499  0.7245
ik pentadl 0.4096  0.8121 pentadl 02912  0.8765

T B TR A ENSO 0.5191  0.7142 pentadl 0.3595 0.861

T BH WA pentadl 0.4713  0.7516 pentadl 02814  0.9254
MERVT IR lon 0.4705  0.7708 lon 03737  0.8607
FE PR TL IR lon 0.4867  0.7578 alt 0.4741  0.7678
UR VLA lat 0.4803 0.75 lon 0.6693  0.5681
LTIk pentad1 0.414 0.837 pentadl 0.3396  0.8923

TERE R, PFIRAFEIRRAE, A BB HERHEE EE T, & RR AR, B AR
LB AR, MRS FEARHIEXT SHAP 820, 70 A LBRFRFE 1M Rate 1109 H ARA2 g 07 (¥ 8 5L &It 5] 4 A
5 R, SREME TR E T EEEAT AR, HR 75 ERRE D IR R, SIANN S ZEED
Homss o £ H T, WELBR R RN 2 E . A RIS ERF AR B R R R R 2R . B
BB AR E SRS TS, BWRHRE 1 E2Z ENSO. PDO. NAO SFREH G I dELe M T, Sl
R i S BT, LT it PR 2 98 0 ENSO. PDO MUK, Hmii. m g2l

/;

DOI: 10.12677/jwrr.2026.152014 113 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.152014

T XGBoost-SHAP [ VT vt 1 5 5L 54 i (R 2520 Hr

IEAFEm, R A2 AT S B RV LRI E A MR X, HIR R E [FFE 32 ENSO. PDO
GfET R, I T KRBEEARERSS S Stk X FEfE et R PR RM B E 2 R K P disgm, IR
FFE Rate = EHUR T 78 K (Bvap). TIRIRSE(SM). HJE (Temp) 25 ol K G A, BTk 788 BH 0 98 38 K A
MR AR, o, DOTHSE IR R R 2R IR A IE M 3K, T L Ig0 e ff m A A s i BH 780
5N ) B R B A FE IR 78 s K IR T AR IR D S S, SR T X s 3R K RO T R K
JEER N E . FIR R PR S a B EE . 4. @R, ’aER)EE BE R, HHLESH
NEFTER: PUTHREE. MR, FRITREk. IRV, HIR PR 3 24 (lon) 26 5 (lat) B 5= 72
(altysZm, Jemt | BRSO It s 3R 540 N AAEBR % 5 (pentad 1, pentad2) ZETAEETH] . ESPHISN . VLS5 URAE00)
BRERHE, JUHZREE, RIH MR ERREE AR, RO T R R A BRI . B AT, K
LA A T Dt ek PR B A ] B B SR S AL ) 2 [ e o P 5 5 A R A, B M TRARRAIE UM e R AR O, IR
B R Wy B 0 R K ARG RURE,  MIERFEEM B 2 52 KR BESAER G A%, I 25 A0 8 UL EL A 5 0l DG B,
FL AR T A2 S P R A 7 B AR

High (b) High (c) High
T lon g i Igr11 9 penta|d1 9
em enta L on
pentad‘1) g P ENSO g NAO - %
S © alt B ] © PDO a@z=—>e o ©
Eva S SM o e S Temp oo S
PD lat g Evap -
NAO o Eva - capumme o SM o
AO >S5 PD = Pre - S
Pre — Tem . - pentad2 =
e 8 W ] 5 el X 8
alt L Pre [ lat - L
lat pentad2 alt +»
Low | | | Low 1 | ' Low
-0.5 0.0 0.5 -1 0 1 0 1
SHAP Value SHAP Value SHAP Value
(@) High (e) High (") High
ENSO * g pentad1 -*}— g lon T [e—— g
pentad1 () pentad2 emsmmmn () lat i r— [}
k)g =3 lat Laal =3 >S5 PDaét L s [ ) —————Tc S
oame & r— * f—! *“ jr—r}
Temp . (g lon g g pentad1 cgp— ‘;’
Evap - Eva e o—oo SM . epm——
lat = o PD = o o ENSO e o
alt s S AO ® aPpm S NAO cncau@pmo 5
SM -~ Pre g = Evap Lt 2 =
S 8 ad = L ;
re
a0 W = b e - -
penta o penta
1 | Low 1 | 1 Low 1 1 Low
-1 0 -1 0 1 0 1
SHAP Value SHAP Value SHAP Value
(9) Hiah (h) Hih (i) .
lon “-— g lat B 'g pentad1 g
SM () pentad1 () ENSO - ()
pentad1 > alt > SM >
lat © lon © NAO - ©
alt e = Tem8 L AR = Temp s
Temg = Al . lon
pentad e o ENSO o AO o o
Pre a-gmes 5 Evap i S Pre S
Evag g = © = Pre . = PDO . =
A ®oafaso @© NAO @ Eva oo @©
NAO g ) PDO ®©  pentad ]
S8 X L g F s = -
e a -
1 1 Low 1 1 1 Low 1 1 1 Low
0 1 -1 0 1 -0.5 0.0 05
SHAP Value SHAP Value SHAP Value

4. £TF SHAP EKIRE X FREBREREDENE FEERE(FREESHE@Q SUDIRE; b) KIITFREE; (o X8
I (d) SRR (o) BRPEMARNE; (D MEILRE; (o) BEMRIIRE; (b WRIIRE; () SITRE)

DOI: 10.12677/jwrr.2026.152014 114 TR A


https://doi.org/10.12677/jwrr.2026.152014

|

T XGBoost-SHAP [ VT 7 45 5 52 54 1) K] 250

(a) (b) (c)
High High High
pentagl‘]t L= ) g Q I?ar} t g ) penté}g:] - e g ()
lat — S pentad1 S lat :— >3
SM g © alt © Evap ©
NAD _—— - > BB > g >
PDO afp=> eee o AO . Q ENSO L Q
ER8 - 2 omp —_— 2 R = 2
pentad2 e - @ NA8 - ®©  pentad2 @
ENSO i omm o ENSO . - o alt o
Toms = T pentis S -
emp penta
1 | Low | 1 | Low | 1 | Low
0 1 -1 0 1 -1 0 1
SHAP Value SHAP Value SHAP Value
(d) (e) (f)
High High High
penEtad1 g o= g penta?1t “‘o g " |g[]] =T g
va B e a ot T — enta emmm
PD @ s Eva ——— S Pk R — S
lon T T alt e —— © lat o= ©
NAO Q== S lon - f— o S Evap Tep— S
lat e iged Tem g SM o emmamms o
AO @ = 9 ENS - 9 AO © enfEme 9
Pre o 5 PDO g S Temg oo cxmmmmoss e S
alt - = NAO cipm — PD s ED -
Tem = o @ AO o> @ ENSO = it @
ENS e [ SM E - [ Pre ° agemco [
SM g L pentad? =xm L NAO r— L
pentad2 agm Pre L o pentad2 coam
| 1 Low 1 1 | Low | | Low
0 1 -1 0 1 0 1
SHAP Value SHAP Value SHAP Value
(9) . (h) _ (i) .
High | High High
alt o[- lon - pentad1 el T T -
lon e [} alt s =] [} ENSO © e[ =10 [}
lat i S lat [ o S5 lon * 35
SM oo = © pentad1 e o © alt ] ©
Evap e S Eva e S PDO TS o >
pentad1 L =] PD (= SM e
Al «Jrmme ) Temp o o AO | e o
Tﬁg\ Pumn S Pre fmoc S Eva (s = S
«@Poo = AO == e +—= NA T =
Pre e ®©  pentad?2 framse @© Pre e @m0 @©
ENSO «nfErso o SM = O pentad2 o o
PDO eaf— w NAO =20 w Temp oo L
pentad2 oo ENSO © oocaEm lat -
1 | Low 1 1 Low 1 1 Low
0 1 1 0 1
SHAP Value SHAP Value SHAP Value

5. £F SHAP MK DRSS F RSB 2B E Rate W E T HHE T REEE @) WTRE; 0) KIFRRE: ©
ACHFIE; (d) SRESRE; (o) BEARE; () BEALRE; (o BERIRE; (b IRTRE; () ZITRE)

PABLIT I8 A 5 i3k — 2535 B P P R SRR AR 1Y) SHAP X 8- 50 EX] 7 B i B2 AR 0, ] 6 AL 7 B 20 3l 9 b
PRERFAE ) SHAP (M, ST 3R AR AE 2 2257 JRj /K # 0 #8#(Temp Evap SM)EZR 1 5 BB 2408 3=
S, {H Pre MISZIARNT /N, KB REM SR 71 ENSO. PDO)IAE M X4, HAXL A G| SHAP ()&
HWRL . I AR M i — PR R R R A EIBY B A LA AR 2 25 5, alt. lon A1 lat FRISEMAIMR BEXT T3R5
SRFEARRA A BRI A, lon A2 3R 50 R B2 ma N, %R Ak 3 R LA RN, lon WFER SR GR ST
PR R omAZE I8 R H ARG AR, alt 2 BR PR A 3R 2L K1, 0 5 52 0 R A R 2 5 Ak e 35 R I 1R 4L
P2, (H alt A1 lat XTURP R LMAER; pentadl F1 pentad2 (15 Ma i FE Xt B 52 0 FE Rl oAb 2RI BN — 2L,
pentadl £ Fo i 7348 & 38 2 AL S I EEER2IA K1, 1 pentad2 %o SR 598 B AT SRAL 22 /N . 275
B, DULRIENERE R — N EARENBRMEER. BRH KRR F 9552 B MR 5 5 R JAPE R 6 1) 5= kit
.

DOI: 10.12677/jwrr.2026.152014 115 KRR TT


https://doi.org/10.12677/jwrr.2026.152014

£ XGBoost-SHAP [Tt Ik B S 52l K 25 70 7

ENSO PDO
02 . 04 : -
03
4 02
o1 02
o o a
< % o g o1
I oo E ES
& & &
0.0 0.0
-1 -0.1 e
02
-02 -0.2
03
03
06
04 02
04
02 01
02
o a 00 3
£ oo ES T
« 9 o1 ©
-0.2
02 oz
-0.4
™ 03
. 06
025 000 025 050 075 100 125 150 2 S 0 H ~20 -15 -10 05 00 05 10 15 20 15 10 -05 00 05 10 15
pentadl pentad2
10
06 04 i
08 010
03
04 06
02 005
02 04
Ed S 4 % o0
& oo 3 I o2 S
& & oo & &
00 005
o2 o1
02
02 ~010
-04 03 . -0.4
N : -0.15 :
0 500 1000 1500 2000 2500 3000 0 10 2 30 40 50 6 70 107 108 109 110 m 3225 32,50 32.75 33.00 33.25 33.50 33.75 34.00
alt
0.20 N
0.15 .
1,
010 L
o 005
Ed .
I
B oo0qf s
- i
o054 © 4 ¢
H H
~0.10 i i
H
-0.15 :
500 750 1000 1250 1500 1750 2000 2250
> ~ > s PA
SULRIIR 2 4FE 1 B9 SHAP fRk#iE
\
& 6. JULRINIRES I
ENSO PDO NAO AO
06 ) 0.6
1
05 H 05
04 . 04
o 03 . ° o 03
% Ed
& o2 3 oz
01 0.1
0.0 0.0
o1 01
0z 02
025 03
020 02
15
o 0.1
010
I oos 5.,
0.00
005 02
~0.10 03
-0.15 -0.4
025 000 025 050 075 100 125 150 2 S 0 1 -20 -15 -10 -05 00 05 10 15 20 15 -lo -05 0o 05 10 15
pentadl lat
. 04
100 ; 04
075 03 s
050 02
% oz % o1 g o0 '
& & & i
0.00 00 o2
~ H
-025 o1 N
!
o2 ~ 4
~0.50 04 :
03 .
0 500 1000 1500 2000 2500 3000 3225 32,50 32.75 33.00 33.25 3350 33.75 34.00
alt
04
02
o o0
%
E
&
02
04
06

& 7. SUTRIGIBRYHE Rate B9 SHAP {Kk#h

500 750 1000 1250 1500 1750 2000 2250

DOI: 10.12677/jwrr.2026.152014

116


https://doi.org/10.12677/jwrr.2026.152014

T XGBoost-SHAP [ VT it 1 5 5L 54 i [ 2570 7

43. MRBRERE

43.1. HRFR

AW FAETTIE BT 5 50808 B 5 5 THAPAE LA TS PR, AT Re s B S IR SN AL AT 1RSS5 & B AF7E R«

1) AWK GLDAS “SREHE 2 M 7 e 5i— R 1° % 17, UK HE2 AT Re A 55 A B0 T K VLR85 A %
AR ETHRHE I RAERE ST, 820 I3 S5 2 7 5K R RS R, S BSOS BUTE J=) S 0K 2 S AR AUl = AR
RGN %

2) AW T R 1 1% ISR AE TR A IREON N A &, (A2 1 /KR CREREE . L) AR
W NFIEB R T, VTR KR TARE S OB R I 28 0 A b R i R K P A AE B, 3
A AR 55 =) 3 N 2R V75 3y ) i i e 503 b 3 28 IR ANANZE 7K T EL A S i) Joy 3 K SRR o e 2R 1 ke ok
A RE 5 SR R IR BB AR AT I SRR 2 P

3) BREHEMRAAN S, AT AR T I A A SCRRAE AT B RAE, WT RERZ MR T STmk BT
flif e dEdt, S B0 % .

43.2. ARRE

EExt BIRJRBR, AW TR A BAR 5 TR B0 «

) BEZFEEWE, IR PR SR E, TR R R A e

2) BARIESRTFPNEE, AL HEA, B NSIE S R RRHE A ER, $ETHF 70 s2 bR
JS7 AN AR s

3) SRR, DRI R A S AOBURRAE, 51\ Optuna S5 S EURAHESL SR T B AL 1L RE
71, IR R HELE, S5 AR BURMAR ST TR bR,  STBLIR M S AL ) 2 48 FE PP

5. &g
KT TR LRI R, 254 XGBoost-SHAP 771400 T KT L s 25, 3K T LR

élﬂil: -L/E\; H

1) ST R R AT B, RIS WRTT AR S KV TI0 VLAY AT 3t B K D&,
H R R 0 PH I I IR R Rk

2) KILIRIR PR R B 2 JR ik Gk -], LA Evap A3 BRG] 70 3R 2R Je sl 260 H 4%
SO, s T R R R e A e R 3R B K A P B B 8 5 R SRR B RS K R SRR AS R, ENSO.
PDO. NAO %53&MH CHE Bl i KA i =0M BLATE FH )2 52 ) B R R B Bk 437 R AR

3) BIANR T ARG, & TFREGERREEER, ANTSEEZHRNFESHET, RPREEEARRE
A 5

4) FFIREIR RSN LRIAEE 22 R, D520 22 52 I AR 2 M AT R 800, A VIR A 2R 350~ 5 il X A
HSRH I e IR IR 2 52 S5 JE B (pentad 1) E 5, T VLRI PG 5 S Hh P 0 8 s I U A FE 220 SE BT, R
Ly PUT . KIT TN 22 32 3 A7 B A (lon, lat, alt) 35, TS B FRE S H 4 7 SHUIER S 1R 7R RS
By RZ RESES T EREFHE SRR S KR MR .

E&WmE

E K HAR R ST H (52261145744).

&5k

[1] HUO,J., LIU, C., YU, X., JIA, G. and CHEN, L. Effects of watershed char and climate variables on annual runoff in different

DOI: 10.12677/jwrr.2026.152014 117 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.152014

F£T XGBoost-SHAP VLIt 3k B 52 52 e R 25 0Bt

[18]

[19]

climatic zones in China. Science of the Total Environment, 2021, 754: 142157. https://doi.org/10.1016/j.scitotenv.2020.142157

CAO, S.,ZHANG, L., HE, Y., ZHANG, Y., CHEN, Y., YAO, S., YANG, W. and SUN, Q. Effects and contributions of meteor-
ological drought on agricultural drought under different climatic zones and vegetation types in Northwest China. Science of the
Total Environment, 2022, 821: 153270. https://doi.org/10.1016/].scitotenv.2022.153270

MISHRA, A. K., SINGH, V. P. A review of drought concepts. Journal of Hydrology, 2010, 391(1): 202-216.
https://doi.org/10.1016/j.jhydrol.2010.07.012

YANG, X., WU, F., YUAN, S., REN, L., SHEFFIELD, J., FANG, X., et al. Quantifying the impact of human activities on
hydrological drought and drought propagation in China using the PCR-GLOBWB v2.0 model. Water Resources Research, 2024,
60: €2023WRO035443. https://doi.org/10.1029/2023wr035443

YUAN, X., WANG, Y., JI, P., WU, P., SHEFFIELD, J. and OTKIN, J. A. A global transition to flash droughts under climate
change. Science, 2023, 380: 187-191. https://doi.org/10.1126/science.abn6301

ANDERSON, M. C., HAIN, C., OTKIN, J. A., ZHAN, X., Mo, K., SVOBODA, M., WARDLOW, B. and PIMSTEIN, A. An
intercomparison of drought indicators based on thermal remote sensing and NLDAS simulations. Journal of Hydrometeorology,
2013, 14: 1035-1056. https://doi.org/10.1175/jhm-d-12-0140.1

OTKIN, J. A., HAIGH, T., MUCIA, A., ANDERSON, M. C. and HAIN, C. Comparison of agricultural stakeholder survey results
and drought monitoring datasets during the 2016 U.S. Northern Plains flash drought. Weather, Climate, and Society, 2018, 10(4):
867-883. https://doi.org/10.1175/wcas-d-18-0051.1

MUKHERIJEE, S. and MISHRA, A. K. A multivariate flash drought indicator for identifying global hotspots and associated
climate controls. Geophysical Research Letters, 2022, 49(2): €2021GL096804. https://doi.org/10.1029/2021g1096804

FORD, T. W. and QUIRING, S. M. Comparison of contemporary in situ, model, and satellite remote sensing soil moisture with
a focus on drought monitoring. Water Resources Research, 2019, 55(2): 1565-1582. https://doi.org/10.1029/2018wr024039

CHRISTIAN, J. I., HOBBINS, M., HOELL, A., OTKIN, J. A., FORD, T. W., CRAVENS, A. E., POWLEN, K. A., WANG, H.
and MISHRA, V. Flash drought: A state of the science review. WIREs Water, 2024, 11(3): el 714.
https://doi.org/10.1002/wat2.1714

MAHTO, S. S. and MISHRA, V. Increasing risk of simultaneous occurrence of flash drought in major global croplands. Envi-
ronmental Research Letters, 2023, 18(4): 044044. https://doi.org/10.1088/1748-9326/acc8ed

YUAN, X., WANG, L., WU, P.,JI, P., SHEFFIELD, J. and ZHANG, M. Anthropogenic shift towards higher risk of flash drought
over China. Nature Communications, 2019, 10(1): 4661. https://doi.org/10.1038/s41467-019-12692-7

CHRISTIAN, J. I, BASARA, J. B., OTKIN, J. A., HUNT, E. D., WAKEFIELD, R. A., FLANAGAN, P. X. and XIAO, X. A
methodology for flash drought identification: Application of flash drought frequency across the United States. Journal of Hydro-
meteorology, 2019, 20(5): 833-846. https://doi.org/10.1175/jhm-d-18-0198.1

KANG, H., SRIDHAR, V. and ALI, S. A. Climate change impacts on conventional and flash droughts in the Mekong River basin.
Science of the Total Environment, 2022, 838(2): 155845. https://doi.org/10.1016/j.scitotenv.2022.155845

LL B., BEAUDOING, H., RODELL, M., NASA/GSFC/HSL. GLDAS catchment land surface model L4 daily 0.25 x 0.25 degree
GRACE-DA1 V2.2. Greenbelt, Maryland, USA, Goddard Earth Sciences Data and Information Services Center (GESDISC), 2020.

TOZER, B, SANDWELL, D. T., SMITH, W. H. F., OLSON, C., BEALE, J. R. and WESSEL, P. Global bathymetry and topog-
raphy at 15 arc sec: SRTM15+. Earth and Space Science, 2019, 6: 1847-1864. https://doi.org/10.1029/2019¢a000658

FORD, T. and LABOSIER, C. Meteorological conditions associated with the onset of flash drought in the eastern United States.
Agricultural and Forest Meteorology, 2017, 247: 414-423. https://doi.org/10.1016/j.agrformet.2017.08.031

CHEN, T. and GUESTRIN, C. XGBoost: A scalable tree boosting system. In Proceedings of the 22nd ACM SIGKDD interna-
tional conference on knowledge discovery and data mining. New York: Association for Computing Machinery, 2016: 785-794.
https://doi.org/10.1145/2939672.2939785

LUNDBERG, S. M. and LEE, S. A unified approach to interpreting model predictions. In Proceedings of the 31st international
conference on neural information processing systems. New York: Association for Computing Machinery, 2017: 4768-4777.

DOI: 10.12677/jwrr.2026.152014 118 TK BRI 7T


https://doi.org/10.12677/jwrr.2026.152014
https://doi.org/10.1016/j.scitotenv.2020.142157
https://doi.org/10.1016/j.scitotenv.2022.153270
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1029/2023wr035443
https://doi.org/10.1126/science.abn6301
https://doi.org/10.1175/jhm-d-12-0140.1
https://doi.org/10.1175/wcas-d-18-0051.1
https://doi.org/10.1029/2021gl096804
https://doi.org/10.1029/2018wr024039
https://doi.org/10.1002/wat2.1714
https://doi.org/10.1088/1748-9326/acc8ed
https://doi.org/10.1038/s41467-019-12692-7
https://doi.org/10.1175/jhm-d-18-0198.1
https://doi.org/10.1016/j.scitotenv.2022.155845
https://doi.org/10.1029/2019ea000658
https://doi.org/10.1016/j.agrformet.2017.08.031
https://doi.org/10.1145/2939672.2939785

	基于XGBoost-SHAP的长江流域骤旱影响因素分析
	摘  要
	关键词
	Analysis of Factors Influencing Flash Droughts in the Changjiang River Basin Based on XGBoost-SHAP
	Abstract
	Keywords
	1. 引言
	2. 研究区域与数据来源
	2.1. 研究区域
	2.2. 数据来源

	3. 研究方法
	3.1. 骤旱定义
	3.2. 基于XGBoost-SHAP的骤旱影响因素分析

	4. 结果与讨论
	4.1. 骤旱识别结果
	4.2. XGBoost模型
	4.2.1. 参数设置
	4.2.2. 模型拟合结果

	4.3. 研究局限与展望
	4.3.1. 研究局限
	4.3.2. 研究展望


	5. 结论
	基金项目
	参考文献

