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Analysis of Spatial and Temporal Distribution Characteristics

During Flash Droughts in the Huaihe River Basin
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Abstract: The Huaihe River Basin (HRB), situated in the transitional zone between northern and
southern climates of China, and characterized by a complex geographical environment.
Understanding flash droughts in the HRB is crucial for ensuring agricultural production. This study
examines the spatiotemporal characteristics and data uncertainty of flash droughts in the HRB from
2000 to 2020 using four sets of soil moisture data: ERAS, ERA5-LAND, GLDAS 2.1 and GLEAM
3.8a. The annual flash drought statistics show that the average occurrence count of flash droughts
is generally higher in the ERAS dataset, with a relatively uniform spatial distribution, while the
results of the other three datasets exhibit a spatial distribution with fewer occurrences in the north
and more in the south. The average duration of flash droughts exhibits an approximately opposite
distribution to their occurrence count distribution. The average occurrence count of flash droughts
determines the occurrence of frequency of flash droughts spatial distribution. Additionally, there is
significant interannual variability in the occurrence count of flash droughts with considerable data
uncertainty. Flash droughts in the HRB occur frequently during the crop growing seasons (April to
September). Focusing on the crop growing seasons, the spatial distribution of the average
occurrence count of flash droughts is similar to that of the annual results; however, the average
duration of flash droughts tends to be shorter compared to the annual results. The southern region
of the HRB experiences more flash droughts during the crop growing seasons, and their interannual
trends also exhibit significant data uncertainty.

Key words: Huaihe River basin; flash drought; soil moisture; spatiotemporal characteristics; data

uncertainty
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AR, —FR JRPE T R SR S EAL, R T RN . B
(1 5 A A A TRl AR SRR B 4 S R K A S5 S G AR, RS 5 ke - 3 P E R
PHGHE R % (Svoboda et al, 2002; Mo and Lettenmaier, 2015, 2016; 33224, 2020a). 2012 4E
5—8 HRAETESE B P PR IR R T R — O SR 4 (Hoerling etal, 2014). 5
RIBEEIIEST AL, RN ERERE, @%AJUARLNA, BREFENAZEN
Bl fEfEMAEKZT (4—9 A) WREMNBEXNEYREWNAF, HHEEEEN T 5,
PR S AT RERT AV N 41 2> 28503 BB ™ B (1521 (Svoboda et al, 2002; Hunt et al, 2014; Xie et
al, 2016; Otkin et al, 2018). —J4ERYE Hl N HERFPHAHZ R W], 2000—2020 4 ERLAE
1 Y R R R R R AR HE BN 33.64%~46.18%, H. 5 5% ETHE% (Qing et al, 2022).
ARk, QAR ERE T ENRVFZ XA T ASE IR (Hoerling et al, 2014; Wang et
al, 2016; Wang and Yuan, 2018; Yuan et al, 2018; 2019; Qing et al, 2022). 7 4ERASHE ()51
SR, RAUKIRE IR 2 51 MK R0 R 280K 5 77 1) 4816 (Held and Soden,
2006; Trenberth, 2011), A4 BRYE Fl Py 18 52 T 5 A 4003 A1 5575 FE 19 0 1) DX 480 S TR A B
R ANRHE— L3 K (Sheffield and Wood, 2008; Dai, 2013). 75 Tl 45 F3% B [H 1 2 (1 &
AEARUR . R IR] DL R ™ R ARG AR 21 g epin e 21 {20 oK R A AN IR BE A 189 i ( Yuan
etal,2019; 2023).

UEAESR, — e st R AR A I 1 DX I PR R AR AE AT T T (Yuanetal, 2015; 2019;
Wang et al, 2016; TKM%E, 2018; MR RS, 2020, BOCEL%, 2021; KM, 2021; (4%,
2023), BRFF G AR E IR IE A ERE X (Wang et al, 2016; Yuan etal, 2019). H
PE S X, R 0 ) X f) R B K, A0 2 B e AL R PR, A nid
SR FEIN R A, IR R A QNG T BRSO, MR 2 T b X A A
SO, TR A A R JE e E 2K gy, Sl ZEHGE N, RS R BRE (Wang
etal,2016). 5K¥EE (2018) HIBFFELE IR, FREA Y XA FRF R EUE R B B IBER
Had o WERTRE AL T B R AL T AR A, R AR EA, IRARE, A K
I 23 3 A AN 50, AR R K R AR I P LI, R AL AR /K B 2 400~500 mm (1, 2006;
Jinetal, 2022) YT i (] J B A Rl X, o 8 2 AR R RO X 22—,
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SEHEAI R AR, HoKoR . BRI CRAF 2R £, 20215 X4, 2023; NS,
2024). PR FS FBUEY R B, ARG BB . S, 1949—
1991 4E [HEVAT ALK 9« 579 B AR AR IR 1] 2000 Ji T 7647, AN DR 72 ¢ 3 S0 Bl
FRPEF] 1175 424 7 CRIENY, 2022) 0 T3R5 BA IRIE A IR M X ) 5 KR (Wang
etal, 2016; Yuan etal, 2019), [#7K 7 i) 73 A7 A5 FT RE 23 (5 1 Ak A o982 s A VAEVAT L 8 A Y R
EURHE T R, 0 TR e S

ST, AT SR ARV R R A D TR AR AE — B AR S 1, A7 B T R R
FFIIFEARIAE, JRL TR 50 i (A B SR BB AR YR o by TPt ke 39 0 M £
I T 1 KRB X 9 1 T 2 (PR 45, 20200, 1T 78 X 45 3R 5 2 SR FH i 2% [F) AL
PEBBIEEIE (RS, 2018; XIEASE, 2021; 20 ELE, 2021). HUIEZ KA B —%k
BEATHRIT, LUK ELAS R R 2 18] AN G 1 o 3 BT ASTAG T S5 P ot 33 18 0B AR VT
HE A YE (B, 2020, MfEEISE, 2021), ASCEBTUEAN RSN 50 R 7k,
ST 2000—2020 4E A NI S R 7 1 (KD 28 0 AR RRAE, R HR DO 22 WEORME FRAE A A
SRR SRR AE 7 TH (AN 52

1 BEfE X

11 i
RS T I IS L 20002020 A PUE R [FISHUE i+ HERIE VERL (6 1D, 12606

P A VERDE I TR (1 m) LSRR, HE— b T T M
SRR

1 FREE
Table 1 Information data
BORIEE RE KPR e ) 43
W AR AR o0 3 AR A i i | LB (0~7 cm, 7~28 | 0.25°%0.25° Se AN N
(ERAS5) (Mufioz Sabater, 2019) cm, 28~100 cm E 7O
ERAS-Land (Hersbach et al, 2023) +IRE (0~7 cm, 7~28 0.1°x0.1° BN

cm, 28~100 cm ZK)

KEEFMENRT (NASA) 2BRFERE| LHEE (0~10cm, 10~40| 0.25°%0.25° %3 h
BEEN RS = 1 GLDAS 2.1 3| cm, 40~100 cm 2D

GLEAM 3.8a P B HI#EHIEE (Martenset | HIEEE (0~10 cm, 0.25°%0.25° % H
al, 2017) 10~100 cm)




12 BEHEHAEX

H A6 TR SR S F AR 7 3 RO 2 26 S8 A R GARFAE R 3R R VA A
BT 0N T R R IR R R T 8 I R S ARRAE R 1 R AR A RIR TR
EAEKIERE (Mo and Lettenmaier, 2015; 2016), {HIXFl5 %A% [ IR (1 Puid & e 4
P, SRR L 1T R R B A (IR U775 (Ford and Labosier, 2017; Yuan
et al, 2019; Liu et al, 2020; XI35%%, 2021; Qing et al, 2022). A XS Yuan et al (2019) Al
Qingetal (2022) $&H R HHHEE T FER MR R R, WHREREA. 4R
WM B o T LR R R i 8 U — IR F AR e B A SRR B, (T
59 0 -3V P T A AT U 40% B 20%3d B R KT R BSE AT 5%, 2 R R K
E 20% 80 B, SRR, RN R R SRS R AT 15 de

Kl 1 /2 KH ERAS 1 (34.75°N, 115.75°E) S BRI — IR FFH . N T I EER,
KA AR R 1] AR %%, WA 1 A 3 BAE 1 A | H—5 BiZ%fk. E%BEHE 4+,
TR EAE 2016 4 8 H 26 HZ2E 9 H 5 H AN IE M 40% 7 A8 LA BN B3] 20% 70 h %L
PAR, BEJE4ERFLE 20% 70 280 LAR, B2 9 H 30 HEWKE S 40% A8 bl . FIH &7
VEIE M R R AR IR R S, B S T T R R I B A A RE . TE %A E
b, ERAS iR H A 7 WIREF A, HRRTZRS (8] 51 T3 2.

0.28

L HERAE /m*m™

0.24 —

T R SRS B R 28 23 R R IEIR BE Y 40% 0 20% 0 AL RME, W €8 SEER N IR S 5T
fE, WEXERREEBENE, T T BN S I A AN S R 8
Bl 1 KA ERAS P 2016 4 8 26 HZ 9 H 30 HAE (34.75°N, 115.75°E) KAER)—RER P44t
Fig.1 A flash drought event occurring at (34.75°N,115.75°E) from August 26th to

September 30th, 2016, identified from ERAS



&2 ERASTE (34.75°N, 115.75°E) ACE U H KA 7 KRS FAFHIRIZIN 7]
Table 2 Start and end dates of the other 7 flash drought events identified at the location

(34.75°N, 115.75°E) from ERAS5

Fs BREIFUGIN R TR E AT BREGRIN R

20% AT I Al

2001 ZE 11 H 14 H

2001 4E 11 H 24 H

2001 £ 12 A9 H

2 200248 H1H 2002 48 H 11 H 2002 4 8 H 26 H
3 201047 A 22 A 20108 H6 H 2010 428 A 26 H
4 2010 11 H4 H 2010 €E 11 A 24 A 2011 ¥F3 H 4 H
5 20159 H S5 H 201549 H25H 2015 €€ 10 A 30 H
6 2016 -2 H 17 H 2016 2 H 27 H 2016 4 H 8 H
7 201942 H22 H 20193 H9H 201943 H24 H

13 BREFHRNMEER

EE 1 FRIBER S, BEIFENTEA 2016 4F 8 H 26 H, BRFLHEE N 2016
9 H 30 H, iZ KR P FHAF I A 745 SpANRE sl R IER P38 FI I & SO S AE 2000—
2020 4 K AE AR S (0 0 DT I B CABR R R A K. B s IR R A R U
R R ST ST B (20002020 AEFLEEED 1E .
2 GEREHH
2.1 EAKFHE
211 RAER%K

& 2 2y 2000—2020 FEIETTAHRER - (4 T3 R AE U, o ah B BUR M BRI 58
Mo MIXIRF 45 8K E, ERAS. ERAS-LAND. GLDAS 2.1 fil GLEAM 3.8a [+ 3EE
JE BERRR B 1B AR R A B 9108 0.50 ¥R 0.26 ¥R 0.31 YR 0.28 ¥k, ERAS iR
FERE B B2 T HAM =80k NERFRE 2 Ak, 7RI AR L8 R Xt
fi2k | ERAS RGBS R % (8 2a). ERAS-LAND. GLDAS 2.1 fl GLEAM 3.8a =
EVRNGR AR E RO 2 A A, RIVREF AR5 2 R AR TR R 14 2
X, FEREFALX B RAE (B 2b~2d).
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B2 (a) ERAS. (b) ERAS-LAND. (c¢) GLDAS 2.1 # (d) GLEAM 3.8a %R} ALK 2000—2020
SRR TR R A R B
Fig.2 Average occurrence count of flash droughts in the Huaihe River Basin from 2000 to 2020
in (a) ERAS5, (b) ERA5-LAND, (¢) GLDAS 2.1 and (d) GLEAM 3.8a datasets

212 F¥Hme

K 3 A IR IR S T i, ERAS. ERAS-LAND. GLDAS 2.1 1 GLEAM 3.8a
WU AR T X DI 73 50 10.4 1% 12.8 M5, 16.7 & 14.4 . IRV R AR B 45
RH, ERAS SoRWERF-FHIHMLT b =85 Ra R (& 3a). WEE B,
ERAS HIZE R TR 0G5, HAb =50 R R R it KB R A (&
3b~3d). AT UL, RT3 P iy i 72 1) 73 A1 5 B T 2 R A B 2 TR) o A RSO e, B
REZ R IR F P PO H B, TAER D KX R I 4G . B B 4E:
(2021) AFFFEH E AR 2 R IR R 45 R 0], SR TP S ik 0 b K m J ARAE,
BRI AET BT R XOK BHIEAN AL, L300 AN A B AR B, JeEkl, B
G RAK AT 2. GLDAS 2.1 f1 GLEAM 3.8a % BORH IR 52135 7 B ) 25 1) 43 A7 58

MR (B 3¢, 3d).



(a) ERAS (b) ERAS-LAND
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(c) GLDAS 2.1 (d) GLEAM 3.8a
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B3 (a) ERA5. (b) ERAS-LAND. (¢) GLDAS 2.1 1 (d) GLEAM 3.8a &¥}
VEIRTFTIR 2000-2020 47 5 T35 7 N
Fig. 3 Average duration of flash droughts in Huaihe River Basin from 2000 to 2020 in
(a) ERAS5, (b) ERA5-LAND, (c) GLDAS 2.1 and (d) GLEAM 3.8a datasets
53T R AR R R A L, AR SCEE T R R R B A8 R ) R SR S 35 1T
i} S R R . Mo and Lettenmaier (2015; 2016) 4347 9% [E #R A1 IR R A1 HOK AU R 211 45 L3R
B, 298 55%~60%1HIRBIIR R RFEE 1 %, 30%~35% M HAGRALR R EESE 2 1, K2 Hhk
RUBRBPAHFEE 1 . Yuanetal (2019) WdaH, FET RIS RRHAER M B4R T H-F- 25 i HE
WL, KRZAETd A, WA T 3R RN B R U R R BT P 4174 20~40 d (4~8
5o XAPEE RIS AT R A ERE oG, BUOYIIR TR, ArgeAs e b
XAERRG LA (Yuanetal, 2019; A4S, 202000, thAh, ASCRBIH BT
I 5 Yuan et al (2019) B RAHEL BRI, TORE, W70 IXIRANI (8] B AN [A) AT e 2 5
gl 2 S JR A
213 RAEX
2000—2020 A eI AL A B T P 5 et B b CkAEZRD WE 4 fios. &
PR R EOR, BEREFR KL 3%~10%2 18], X5 Liuetal (2020) 71K 3 i

PRREAAMEL. X 2 R, BRI R A B R R 5 A R T R PR R AR B 1)
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SrAi. ERAS (EVERISAR I VUrg ik LR R RAE B 2, TEIZHLIX (1R 5L 7 i) 5
K, 4550 B 10%72 4. ERAS-LAND. GLDAS 2.1 1 GLEAM 3.8a =& ¥ R 55
R AR R0 25 8] 43 AT 5 2% R T8 R AR R 25 B 43 AT AL Liu et al (20200 WFFE45
SRR, Fe TR G E R IR R A AR i T T LR R R M A R, IR
BRI IR A AN [FE SRR FE b 5 B R AR A (R U 45 B
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(c) GLDAS 2.1 (d) GLEAM 3.8a
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Fig.4 Occurrence of frequency of flash droughts in Huaihe River basin from 2000 to 2020 in (a)
ERAS, (b) ERAS-LAND, (c) GLDAS 2.1 and (d) GLEAM 3.8a datasets
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BRE R A U ERR T MM, JGHZ GLDAS 2.1 f1 GLEAM 3.8a. ERAS-LAND,
GLDAS 2.1 #l GLEAM 3.8a —EBURISR — 2R Y], 2002—2010 SR ERBURAR,
2010 F/EBREHIUR, [RINERRELIE R WIRE KA RE R & RE, ERAS A
ERAS-LAND %8B 5 & A REUE 2000—2020 4E 5 ETFa, mHRmMERR S NEiE
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Fig.5 Annual occurrence count of flash droughts in Huaihe River Basin from 2000 to 2020

in (a) ERAS, (b) ERAS-LAND, (c) GLDAS 2.1 and (d) GLEAM 3 .8a datasets

22 REFEVEKFENRELZERR
EMA KR AR EMEY R B BA P EH A, 2017 456 E JLH-F 5 IR R EY R
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B R REE R — (Lobell etal, 2011), AW HGETH T HERRIAE DL K (4—
9 A MAEAEKT (1—3 AM 10—12 7)) MATEBRE AR (B 6). SEEMNGIHE
AL (B 2), T RAEM A KT R A KR, ERAS (A T3 R R AL B D& Bk
R Herr, FEAEMIARAEKZRE ERAS (¥ P33R 5 R AR Rz i T Hofh =& Bkt X
WAEM A KT SRS, WERRISE R—BERW, AR AR A K2 H )
BRRA RS TIEAEKTFNLSER. BT ERAS EEWARE KT TR H T Kk A RS0
BHA =B RKIRMmE, Kt ERAS fEAEKFRAEA KFN 4 R 2 R AN RN . i
ERAS-LAND. GLDAS 2.1 1 GLEAM 3.8a =& BORMEAEWA K Z=I0 H P58 2 R AR IR ¥
EF ARG R ATLL L
005 _ [— | L=

0.04 -

w¥/A

0.03 |
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Fig.6 Regional monthly average occurrence count of flash droughts in Huaihe River Basin
during non-growing and growing seasons of crops

TV IR P AEAE Y A KR I R AR IS A A 285 B 2 (B A A AL (L 24 ] 7D LR
WEGEIZ R, ERAS EAEYAEKRFNERERE KA RER M =T MR Z, 5K 6 M4
R—%, ERAS 7EVE I X R R P R AR R Z (K 72), Hih=EFRRE
IR AR R BHE A IR A X 2 (B 7b~7d) . KT IR DI R, 1YL
KRR E P W BAR T4 R, B A X s (& 3. Bl 8). IUERE
H1, GLDAS 2.1 [3RFE-T3 P AH b HAh =B BRI 45 SR w1, IR i R 5 3 AR
HAE TP X, HAth = Bk} I I A R R S A VAT Ak g 5 X 5 R 0 A
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Fig.7 Average occurrence count of flash droughts during the crop growing seasons in

Huaihe River Basin from 2000 to 2020 in (a) ERAS, (b) ERAS5-LAND, (c) GLDAS 2.1 and

(d) GLEAM 3.8a datasets

(a) ERAS (b) ERAS-LAND
36°N | 36°N
35°N 35°N
34°N + 34°N
33°N - 33°N -
32°N 32°N +

| q
31°N + 31°N
T T T T T T T T T T T T T T T T

112°E 113°E 114°E 115°E 116°E 112°E 113°E 114°E 115°E 116°E

(c) GLDAS 2.1 (d) GLEAM 3.8a
36°N 36°N +
35°N A 35°N
34°N 34°N +
33°N 33°N
32°N 32°N

A |
31°N H 31°N
T T T T T T T ¥ T T 1 T '
112°E 113°E 114°E 115°E 116°E 112°E 113°E 114°E 115°E 116°E
U -
§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

B8 (a) ERAS. (b) ERAS-LAND. (c¢) GLDAS 2.1 il (d) GLEAM 3.8a ¥&k}bhyfEiiTifiis 2000—2020
FIRFAEAE A KR
Fig.8 Average duration of flash droughts during the crop growing seasons in Huaihe
River Basin from 2000 to 2020 in (a) ERAS, (b) ERAS-LAND, (c) GLDAS 2.1 and (d)

GLEAM 3.8a datasets

12



R AR BORE R AR, WETRIOS R 2 REER K. WXk -, ERAS
H1 GLDAS 2.1 Hl A KZRIR R EZ AL ERAS-LAND HI GLEAM 3.8a fii (& 9,
ERAS #1 GLDAS 2.1 7 EJ] s p s A o DO Un) 3R R R AR B0, TR E BOR
IR R AL A AL T AR PR R A X . DU BRI 45 R — B0 R, R IRT AR g S X A
WA KRR R R AR S T HABMX . X RRE Z XA EY A KA S5 o K AR RS
I RN 7K BE RN AL 5 HE T SRE IR AR A 7 SRR I e T X ) A L EE I AT 7K B Y
TRCR T R B 10 NEMAE KERZBFER PR 3T ERAS &, 1E%
BERFRFERRRN S REL RENER, FEERET 2002—2010 FIERFR AR H
MAEM AR, HAERRBLIE BB PR (B 102). 54 ERS 45 R ML, ERAS-LAND.
GLDAS 2.1 fil GLEAM 3.8a = E#RHE 2002—2010 A4 K Z IR 5 A A D, 2010 4F
JERE RN L, HEREEA (B 10b~10d). JUBERBHIAE KB LA
AL BATIAAAE — TE 73 B [FIRE SO ORI BRI AN 7€ 1 - ERAS \ERAS-LAND A1 GLEAM
3.8a EAFMIAE KT IR PGS 5EEL RS2, 1 GLDAS 2.1 fE/EMAKF R &
HEREGE R

(a) ERAS (b) ERAS-LAND

36°N

35°N

34°N

33°N

32°N 32°N
31°N 31°N
T v T ' T T v T ' T v T v T v T ' T
112°E 13E 114°E 115°E 116°E 112°E 113°E 14°E 115°E 116°E
(c) GLDAS 2.1 (d) GLEAM 3.8a
36°N 36°N |
35°N 35°N
34°N < 34°N
33°N 33°N
32°N 32°N
31°N 31°N
T ' T ' T L) T ' T ' T 1 T L T ‘ T J T
112°E 113°E 114°E 115°E 116°E 112°E 113°E 114°E 115°E 116°E
—y I Y
1 2 3 4 5 6 7 8 9 10

9 (a) ERAS. (b) ERAS-LAND. (c) GLDAS 2.1 fil (d) GLEAM 3.8a W HET TR 7E 2000—
2020 FEAEMA KRR R AR
Fig.9 Occurrence of frequency of flash droughts during the crop growing seasons in Huaihe
River Basin from 2000 to 2020 in (a) ERAS, (b) ERA5-LAND, (c) GLDAS 2.1 and (d) GLEAM
3.8a datasets
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Fig.10 Annual occurrence count of flash droughts during the crop growing seasons in
Huaihe River Basin from 2000 to 2020 in (a) ERAS, (b) ERA5-LAND, (c¢) GLDAS 2.1 and

(d) GLEAM 3.8a datasets
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