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Abstract

At present, a unified index system for identifying drought-flood whiplash events remains lacking.
To address the limitations of existing meteorological drought indices in studying persistent spring
droughts and floods—namely insufficient nationwide comparability, lack of seasonal specificity,
and ambiguous physical implications—and to fill the gap in research on extreme-intensity drought-
flood whiplash events in boreal spring, this study constructs a Spring Persistent Drought-Flood Index
(SPDFI) based on daily precipitation data from surface meteorological stations across China for the
period 1971~2020. The SPDFlI is specifically designed to characterize persistent spring drought and
flood anomalies. On this basis, rotated empirical orthogonal function (REOF) analysis is employed
for objective regionalization, identifying key regions of spring drought and flood variability. Using
the SPDFI, a set of criteria is further established to define extreme spring drought-flood whiplash
events. All such extreme-intensity whiplash events occurring between 1971 and 2020 in the two core
regions—the Huang-Huai region and the Jiangnan region—are systematically identified, and their
temporal characteristics are analyzed. The results reveal four principal drought-flood variability re-
gions in China during boreal spring: Huang-Huai, Jiangnan, Northwest China, and North China. Among
these, the Huang-Huai and Jiangnan regions exhibit the largest variance contributions, establishing
them as the core areas of persistent spring drought and flood anomalies in China. Frequency-do-
main analysis shows that, on the intraseasonal timescale (10~90 days), significant signals of precip-
itation anomalies in the Huang-Huai region are concentrated in the quasi-biweekly band of 10~20
days, whereas the Jiangnan region is dominated by low-frequency oscillations of 30~60 days. This
contrast implies that the two regions are primarily governed by mid-to-high latitude systems and
tropical/subtropical systems, respectively. Statistical results for extreme spring drought-flood
whiplash events in the two regions indicate that events in the Huang-Huai region exhibit a pro-
nounced seasonal phase-locking feature, which may be related to the climatological intraseasonal
oscillation of precipitation. In addition, the timing of events in the two regions is largely independ-
ent, showing no notable synchronicity. The SPDFI and the identification methodology for extreme
drought-flood whiplash events developed in this study provide a new analytical tool and regionali-
zation framework for research on spring drought-flood transitions in China. The findings lay a foun-
dation for a deeper understanding of the physical mechanisms underlying extreme spring drought-
flood whiplash events in China, though the associated influencing mechanisms warrant further in-
vestigation.
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505 9 LI B H 50 — B KR A B FE B # s 8 R 1]-[7] RHALIK, SR ST 50 £ i 224
HPEZET BAPARBR AT ] ROBE (I RF SRR 505 i b, AFE AR R 2R P9 R I 285 R F e 4 ——
BP “REiaft” MR E . BH RN SER —FTHN, FEEEIHNASE BR8] [9].
B85 AR — PR R B A R SR [10], & e 1 AR S A AN A 5 a0 B . RIME R AR
TR 2R, =PI K E AT T e R AR, (R DXCIE0R A R I N AR 4R 8 52 B 5 55 O R WE
AEAE L B — 1) 7 A B S R A M [11]

MAESET RIS T EHEFR W AR IAEA R[12], o0 BAE T 2 5RO EE X
FEWIE, MEDUE MR FME SRS RE . BRI 7 A H0 o] Sty HLA B = SO0 i, 2
HEARTERERATRFERHNARER. FHRNBRRRAIR TREHOFERKELR YA 0%
(precipitation anomaly in percentage, PA), FrifEfk %7K 5%k (standardized precipitation index, SP1) LA A& iAL~F
¥ F% /K & (weighted average of precipitation, WAP)& . Horf, BE/KEEEFH 20 A8 FH 3R B bk &= 5 )
WA e~ 2R /K B 2 22 B LRI AU 3 oK &, RS E 70 HUAS 2[13] . %48 BE A 2= v F I T I
“EWH” SR EmRESEE. ACET R EAN 1955 G 1971~2020 4 4~6 HiZ HFFKZERS T
ZiREoR, BEHB/KE <0.1mm KW H & Eik 60%. I By om Hin, iz BR i K
BEAE, PA HN-100%. PA HEEEA B WA KGR, (BICIEA X 75t T 2 15 E . bridEfbbs
IKFEEL(SPI)E LK FE K B P FIINE N T A (BB /R IR 43 A1), & bRife IR AL FRA5 2[14] . 28T,
FEERMILNHSHBEKTIAE KERE, A T oA 5 HMSEh i AfaE, JCHAER R R R
R R . Ak, SPI B IEASARAEAL AL P B AE R BURMARME IEZS 040, (H S8R 57U (B AR S bR
Rk B EIRATSE . BRI S, SPI=—2 TR MK ERIRIE S SPI =2 Fr QSR I & R IE fE I %2
SR E, ZIRHUCTE H SR BB K R AR SR B o I3 K B (WAP)IE I R T 30 A 4 7K B = A
Ref% % H 248 R WX I3 TR GL[15] o K WAP B FH T4 [E] 70 [ 22 2= R 55 ) EU I, AR Sl = B 1)
VIPREER . R B o TR AU RS, AN R X TG 2 R XA [F) T E A %, A
DU 7.4 [ 45— WD EE S SR B PPN AR A 25 B RTIR, I 56 T B K T 248 25U(PA, SPI, WAP)TEH 2=,
EEREX—REMART, SFESERKR, TR M=t S E 5y
SOBEMW RS T R

WA CINERR, FHHNBRAIREEARFEZR, R 72525 NS SR IKEI R 1.
SRR R b, ENSO RLAH i n] o B 87 S S LA e 8 s i S5 KIR AR F[16] [17]s = RE |, LA
10~20 RAEXUE R« 30~60 RZ=1 W IR MK R ARG, 8 A% V0 AR T = L KR
ik SR B, R E B R R A I (R SR AR I RR 18] A, EA IR R . REAE A X
S (AN [RGB R g T 505 2 (23 (R 2 AT | 5 22 e 5 DXOIBURRIE [19] . B85 S AR R AR R R —
R VE 45 3, T2 2 ) TR RUBE « 230000 2R Gt 1 (B4 FH ) 8 Fh AR B [20] - 2810, BT BIF 7 Hh B X 5 235 (4~6
H)IX— SR A H BT R 5 S N R G SO B =, LI 2 o0 A R S RS LB AR AR
B, Mot ZENB P T B 2RI, KRz Et:. A E Sk 500
FEAEAE 72 5 [11], H B AT ARG W0 L [ TSR AR B ik B W o o8 2 (1) 5287 e e, LI 2 A R AIE
S LR FEAT A0 T2 ERAS, IR IR ARSI O 9T H b

2. BIRS A%
2.1, ¥iE
AT T F 6 A ORI 5 Sk v 4 A0 W AR R 4 (V/3.0) FH A3 I 8 R e o I 6 7k
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BE O H AL R 8 BF =K H 8 I 2 A1/ 24 /N R HFRKE . IR & il B KW I 8 R hdk 47 itk
#, BAPIRMT:

1. G ubPE/KICSR T 5 5e 1 50 4ERF BE (1971 4F 1 A 1 H & 2020 4F 12 A 31 H).

2. SR B K SR SR 3 K 6k LA & ik 4 BT B R H i AR R 2 5% (RIRE 18
R Bk

3. W TR G AFEAAEEN . AFEEEUE R Gl SRR T E Gk FEK 0 m A 1B S AT A kb
[21]. BAPIRUWT: B, HESEWAEHBKE(R,), & %GR 50 A% HFEKEZ M
F kT (0~6 1SN 5 A BRI T TR, MEZEHBOKIEY P/R, Hrh P Wil H B
K&, P OAXRIH P HBAEH K E: &, RARIEEMEGE(inverse distance weighted, IDW)X %7K
PO AT 25 (A, A EAS B0 LA e LARR IR (B & 3l S H FK &= P, S 13 BURHGE H I K
ETHE.

4. TERREISFE A, 4 FARHIEGME & Sl B AR 1) 3 AN0T F &Sl EAT V1A, DUBA DRI (B AR e 1 (Wl 1 £ 3
Bzt 365 7 LY YA 2 = AN G i E) . 4 LIRS, ARSI 2070 NG uh. BV
19714 1 H 1 H A 2020 4F 12 H 31 HEBESHE H & sl B K8 iE 4 .

22. ik

221 EFRHEMRHEHEN

ACKHEZTENEELALHEG6 A 30 H. ZBURRRER A P28, FIFRHH2 R RIX
BEARZL B 2 AR IR

R 555 SRR S I 21T A IS TE) ROBEARAR B A S 3 AT 5 SR AR B P20 g o JER 463 P 7K e 471
ITTALEE . JET 1971~2020 3L 50 £ G 4% H KSR C IR IEE 2 29 H), HJex 4R —H
I3 H IR KEAT 2 45°P35, 152K 365 RIMAUE H KT H . AP T R fs, (REY
EAET 3 AN 7 B B AAS BIFEK SURFEIEIE, IR H R A P K Sk 2200 52 H I AR IE A 0 &, 3RS
BRI 11 H BEK 75 P8

AHFFCAE K TR A 4 FE ) SR EdEAT S5O, MR T RENE B A S R RR SRR B K R AR R IR AR
ZRE oLt 2 5748 5 (spring persistent drought-flood index, SPDFI). %3840 Bt 1 ¥ shi B 73 H Bk R
WHIN T Z G B P H H KRR W ALEE, WEERE SCAH, LR (%) N AL, AR E AR
T

R'=%Z'12Tfm(Pj ) (1)

SPDFI =7 <1000 @)

bR ARG P, 5 P ARG | RIRIARKE 51% H G K. n AARESE

IR, & E. m=(n-1)/2, RERLLEE i Koo (A & D7ESE | RATEE R RS, P AARLLE

| RONH n KIEFR R HBE KSR, P AR ZHERHKEKE, HE Ch 1971~2020 4 50 FAE4E

4~6 H 3L 4550 RIE H K EHME

W4 & 3 B TS H K ESEFRK R E T Z 2o mE )T UE E, REFEFSEHFEKE

FH AR FE A ) PR AL A Rl ek, X RS T AR R (LI SRE R, REX 4L

TEPEAG P il % 758K e SR A AR R X o 2R H K 8 7 Z WS A oA 540 H oK ERA—3, AR
IZRFE A PHALIRIRRAE, RIRERMERXFREE KL KR, RPREE 5 HH.
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BT B AL, AT FUR S S M IR GE T 96°E DRI G ul, FERYGET . — 7,
96°E LAPG DX 4k H F/K & 5 MK T7 28800, HOFREREREFRW A 0 X8 5—J7m, RE
96°E AA K73 X 3 1 I AR XX, 7K IiE 5 B LG B B — 2k, Mg B gt —
YRS 57 00 5 1R BT T DXk E) s o A o 55 2 AR, PG oS X (A 5 75 e J ) R = B K A2 R 2%
SUKERK. AR IR AR KOS R R, SRR AR ER. Hit, FEhES
55 S DX PR VR AN i 5 S R SR 0 T 2 T 96°E LUZRIN 1955 Gk
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Figure 1. Spatial distributions of (a) climatological daily precipitation and (b) daily precipitation anomaly variance in spring
for 1955 stations east of 96°E in eastern China

Bl 1. REZREP 96°E LLFRIL 1955 M Eu(QFFSIEHBKENO)EZHEKRELETE S 6

NI E B R TR BU(SPDFI) I B R IE 30 & IS, AN TR et 1 BUrE ks, i 11, 15,
21. 31. 45 }%2 61 K 6 FOR[FEIIEShE O, FET 1971~2020 5 Z=(4~6 H)H E A HB(96°E LAZR) 1955 4N &k
(132 H KB, TR A AN RN K B & 0N SPDFI I GETHRFIE(E 1. 18] 2(a)). 5 SRR,
bEE W B E KGN, SPDFI ¥ 51 i FE 5 W B 0B s /N, 5l A A ais T IR /0 o
AW TR E 21 KN SPDFI [ K, %% K B Al B A0 B YR I 18] R [ Bk R (5 5
4 SPDFI AL TR R 57 R B8 R FHEMIZ O F R . #E— P IE K ah i DG, B4R R fIK
BHUWEE . AL FIIESYE, Ead EFEERIRENE S, SER R E N BRI .
I, 21 R¥E3hE HAE SPDFI 54 IEASWRHE S5 IRFE11E 5 R [RS8 1 8P4 . J5 3 i SPDFI
TSR 21 RIEEE 0, HIEMS S LA 2(b).

Table 1. Statistical characteristics of SPDFI derived from different sliding windows

% 1. FEBEHE QxR SPDFI GEHsE

BB E DI (CR) BCKAE (%) /ME%) i 5 TR
11 5109.7 -382.1 2.423 21.517
15 3707.0 -376.3 2.077 16.768
21 2611.3 -362.1 1.722 12.350
31 1743.1 —326.7 1.391 9.066
45 1382.2 —298.7 1.170 7.355
61 996.8 ~276.2 1.060 6.530
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SCHETE RS R YR B (SPDFI), e 131 R K 7 % {5 5 . SPDFI JH I X1t 3l
AT B B RCSR R DL G i 2 T8 H K B S TR B JC AL, ITTAEAS AN [ X3 65 2 )
SPDFI ELIEFI L, NJTREls XA 2= 505 57 HOuS bL R 5287 S SRR R DR it 1 W] 5 508

(a) PDF of SPDFI for multiple sliding window lengths (b) PDF of SPDFI for 21-day sliding window

—— POF
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—————————— =-0. 0%
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Figure 2. (a) Probability density distributions of SPDFI derived from sliding windows of 11, 15, 21, 31, 45 and 61 days (shown
by gray, green, red, blue, orange and purple solid lines, respectively). Dashed lines of the corresponding colors represent the
10th and 90th percentiles of SPDFI for each window; (b) Probability density distribution of SPDFI for the 21-day sliding
window. Red shading denotes the range of SPDFI below the 10th percentile or above the 90th percentile; orange shading
denotes the range between the 10th and 25th percentiles or between the 75th and 90th percentiles. The green, blue and red
dashed lines indicate the median, mean and the peak of the SPDFI density, respectively

& 2. (a) #F 11, 15, 21, 31, 45 R 61 RKBFIEO(SHILIRE, &Zfa, 46, KR, BEREBILRT)ITES
SPDFI #RBRE 737 . R EELI AN E QT SPDFI #9%E 10 X5 90 B4 HEH1E; (b) 21 XESHE O T SPDFI
I RZE 2. LEEFTXIRR SPDFIERTE 10 B UBEETE 90 B UBIMXE; #HEERXIERR
SPDFI {ENF58 10 5% 25 Bz B 75 5% 90 BN BNXE. FE. BeRIEEZLS HRR
SPDFI B9 $. ¥EREEREFIEE

222. EFRHRBRXEHEIEN

REOF JjAAE R R AU O 2 T AR T IX I 2 Wkl 70 [22] [23]. 1% 7R3 T Seit R kAT
P, AR ERANE , FTaOR A — 20 X A 65 ol AR AR AL R A = FE — Bk . DA IR v [ R 2
RS T 0 A (R) ) AR, AR SOR AT e 2256 1E 42 bR S0(REOF) W 45 2 5 0 S i X IskdE AT &) 70 5 3

2.23. BinRiHREE4RIRATE

U HE DX I 2t 52 55 o S () R T

1 BUERGmERE: $ET 1971~2020 4 50 SE5ZFF (B4 4~6 H)%[X38 SPDFI 1580741, K E 2L
BIE, 2 nlit 5 SPDFI 2 10 F155 90 | /i, & MO i 5 BIME (T, )5 Mo 35 BIE (T, )

2. e SRR H: HHH N D, )1 SPDFI i3 £ i il E(RP D, < T, 8i D, =T, ), HAELLZ
H oy 21 RIEENE H N i/ e KAE, WK Dy Rid 9 — I E N o 52 05 S AT g aa H .

3. MEH A R H: Bl H 25, 1E 45 KIS E] [A1R% P (F5 R 210 A I ) ROBE 52305 S SR i it
&) JE A RL/NT 90 OR), A5 H (9 Dy )1 SPDFI ik AH s i il v 1 (RA A2 4 i 52000 D, > T, iE24R R
Wi W D, <T, ), Fo4 21 RiEahE 1A B AR (55 I H bl 20 2R 2 21 R DN i/IME, 4R H
DR i 5 WL SR 21 R N B KB, PHE D, e A il 555 S SF Ak A5 R . AR 5o
FA MRz ERET 4 H 1 HZE 6 H 30 HWEER, MRFRE8RENBEEAT4H1HE6
H30 HZW.

R TR R S A, WESAMTEX X 3 A 7 AR A% SPDFI. HAH 3 A
A7 F SPDFI HItH 7% S 4~6 A 5ea—3, /BRI AME R 4~6 H i RS E HEKE . 2
A 4 8 25 A0 O 24 T e DR ) S — YR AR iy 2 7 5 1 (Extreme Drought-to-Flood Transition, EDTFT) &k
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Uit 55 5% S 34 (Extreme Flood-to-Drought Transition, EFTDT), H AR 3 Ais.

NEGUE SR BRAE 45 K (8] 5 IR A 3, 05K A 40 KA1 50 REAT xR . AHES 45 KBIE
(HEEX RS 12 Yk EFTDT, YLEFIXR5IH 15 Yk EDTFT), 40 K BIME T 3k X8 EFTDT /b 2 %, 1L
R X3k EDTFT 982> 1 ¥K; 50 K ERME R 551300 3 YRA1 1 IR $EHEX IR EDTFT S5YLrE X3 EFTDT 7£
SRPERAE R IR 4 BT A— B, RS MR R EFTDT W BMEA — & Bukit, 45 KAVESA 8ol 12 k3
FIEATIERE, R DL 45 RAE N 255 SO SR IR i IR (R B 2 EL RSB O o bdh, K SRR vz IR R s
4~6 H, FEIETHA: H—, SPDFI MigH LA GHiEFHEKE, 7 AEEFRKEREKR, #UTH
BREE S MR, BRI EoE A, =, A CRERR(CE )R RAFE, B8 ik &R
ANBBHARES, MEEFHDRE. MASCHEF IV 8 =R R e T 4~6 H.

Daily Precipitation Anomaly and SPDFI in the Huanghuai Region, 1972 and 1987
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Figure 3. Example of extreme drought-flood whiplash event identification. SPDFI and daily precipitation anomalies in the
Huang-Huai region in 1972 and 1987. Black bars and black solid lines denote daily precipitation anomalies and SPDFI series
during April~June, respectively. Gray bars and gray solid lines denote daily precipitation anomalies and SPDFI series for
March and July, respectively. Black dashed lines indicate the extreme drought and extreme flood thresholds of SPDFI for the
Huang-Huai region. Blue and red solid lines mark the identified extreme drought-to-flood (EDTFT) events and extreme flood-
to-drought (EFTDT) events, respectively

[ 3. RuhRFH 2 EHRRIRG. B REEXI 1972 4750 1987 4 SPDFI 5 AMKET. EEEKESEGES
KRR 4~6 AZEBEKIEF K SPDFI 5, R BFHKE SR &L 775~ 3 B R 7 BHZEBIKEET S SPDFI
5. BREKFREEXE SPOFI MRHESRiKGEHE. EEXES5A &S ARTIRA HNREEES
(EDTFT)EH-ShimisH 2 (EFTDT)EH

2.24. BEfbGit75%E

TR 55 B [X 3 2= R I e TR Sl 3 SR O, AR SR P i ) B 2% 36 (Fast Fourier transform, FFT)
HEAT DI ZAE A o 0 XIRT 3838 H K P 5 LR IR G, B FIRIET(4~6 H)MN B, fkiEih. 23
B ALFRIFHEIN Tukey & LA . @i FFT iH8IBE IR G B 50 4E°FY, REEZEMKRE
(ARG PR DA . SR BRIR 20 75 AR 9 1S SO A 50 Th 21l i 1 G v 35 1k [24]

B 0ot W 57 B B A R A B AR R R, B RS R R VRS IR 1 Bhi t AR 56 (bootstrap t-test) s
DASETEINEEAR A4 N G HEWT R fa i [25] . %07 VA T Bl E A & i A58 0 A, AMKIES
IIATERGE . A SCE EHRERECN 10,000 7, M TALSE ¢ 1656 53E T/ IMEA S I .

3. ZBRE N
31 BEFERHXREUD

Xt E 258 96°E LLZR 1955 A& ukEZ 4~6 A hniifk )5 SPDFI 751317 REOF 4341 EOF 15 4~
RS BH 7 Z DTmk I =T 50%, BRSBTS B i 4 B s 1) = B s R AR SAGAE, (RN 4 5] Nl %2 W e
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BAAS, WA SCEEUET 15 4~ EOF #3347 REOF 70 ff . J7 22 i ik KT 4 A~ REOF BLAS U ] 4(a)~(d) AT
TNo NIHIE REOF &5 FIWIEE 5 5L, K 3 B4 X L (1 ) [8] R 44 [ V9 %2452 2% SPDFI 35(/&#%), i 4 4~ REOF
BN R T B a1 & 0l R UL R I EEC R, MR R A DX 31 [0 V3 2R 0 Al ik 0 2 MRS 56
TXIGAUE T CAERART 3 E 0 7 U S S B X BB AT R At S48 7 22 DU MRAR G R I i R s 4%
BRI ERARR M. JE T REOF i il th 4 NEFTFEE B, Al 4 MEAAR VO BT B EX 48
TLR X, PEAE X3 e b X3

(@) REOF 1 6.91% (b) REOF 2 5.29%

55°N ..(e) Regional Division
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Figure 4. (a)~(d) The first four spatial modes of the spring standardized SPDFI derived from REOF; Subfigures (a)~(d) show
the four REOF modes with the largest variance contributions, and the percentages in the subplot titles indicate the variance
contribution of the corresponding modes; (e) Site distribution of the spring extreme drought-flood whiplash events in China
based on regional division. Blue, red, green and orange dots represent stations belonging to the Huanghuai, Jiangnan, North-
west and North China regions, respectively; gray dots denote all 1955 eastern China stations used in the REOF analysis. The
black boxes delineate the longitudinal and latitudinal extents of the two key study regions, i.e., Huanghuai and Jiangnan

4. (a)~(d)BFZ=HrE SPDFI By REOF A 4 M EIEZRS; FEl(a~d)RRAFZETTHRRKHIAET 4 1> REOF 1875, IRk
P E BRI MESHHERM; () EEPERKEFEEFHIXNER0F. BEE, 16, FEREEHN
RORRREERXE. IEXE, AtXEAEXERESMaM; KB SR REOF S A2 ER 1955 &R
e BRESIANRESIFRNESHRRENEGEEE

Table 2. Statistical characteristics of SPDFI over the Huanghuai and Jiangnan regions

52 2. BHELSTEXE SPDFI BG4

lziﬂzﬁﬁ\ i/)j’fﬁ H%j({a BrEli/J\'fE(%) 90 E‘%'ﬁil‘ﬂfj’fﬁ 10 Eﬁj\{j I‘Eﬂ'fﬁ 'fﬁg @%’ﬁﬂég 1‘/{'\“{&7?

(%) (%) (%) (%)
FEEX I -2 285 -152 84 -73 0.92 151 0.64
VL Fe X 35k -2 182 -76 52 —-41 0.85 1.16 0.37

Ntk — L B & REOF RS I 25 (B s %0 X, A SCWHEAN e % I 1) DR 3 3 T H SR BT i L R 7
AT LR, K 2RI 90 F 4367 A 1Rt i 8 ORISR B S B A0 X o 48 T i b X3 S e
XIRAEAE 3N ES G, PilbXIR SR XA 14 DNES Gul, 78X R/ & XI5 © 5 64 ik &
BEu . HTJ7 2 DTk AR 1 e S5 VL R X3 A AR R X, 2R K B R AR S AR EOR Hon AR
VAR =R R, WO EL IR XA AR SCE S TR R RO X . Hord, IV EX A 193 A4
Gk, XI5 A 108.0°E~120.5°E+31.6°"N~35.8"N; V1.5 X I A 7 196 > &, X I35 [ > 109.6°E~122.3°E.
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25.3'N~30.2°No X3kl 70 K 45 5 05 O i X A 5 b 1) LA 2 ) A i B 4(e) Bl
FEREAT FoR TP 8 X R 20 J5, K DXIs A BT 6306 SDPFI AL/ i X 38ii¥) SPDFI 3241 SR
TLFH AN R B2 X SPDFI I GETHRHE LA 2.

3.2. BENT EX I B MK R EH A HFHE

XS VT R XA 2 I K S o B SR 0 e 4 R Q1] 5 s o 1 DX P i R BRI S T 0 5 2 5
R ZFH DA ZET AR R ARG SRR

POE X IR S HAE R R (3~T RIS 7 YT 10 KA A (KO0 I ) RUPBE A7 48 5 25 1
5, 10 30~60 RAMEME 5 AREE BEVERY . X RE S5 F T W b 4 b th & =M ) B =Y
et B TR RO R . 4~6 A ILEINRA LAY, 70 RO R MR o U AR Bl R
[26], AR FH#OR R & KR TREREK TR o 10~20 R J NS R F A& PUAR AL e i S S 42k L
i 3 e S S AR R LR RUEE[27]-[29] . DRI, SRR R U B35 5, wRek
Hh R R PR L T R R R G BRAE BRI BB . A, 30~60 M BRI B Pk 6, M)
AE SRR F NI ZFWRHRA K. MR T 5 28 iR Kk[30], RTEZFREART 6 A Tt
HEARBMERIK[3L], 2RI B AR AR (30~60 )X i X I A R M 5 55
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Figure 5. Power spectra of spring regional mean precipitation anomalies for (a) the Huang-Huai region and (b) the Jiangnan
region. Black solid lines denote the ensemble mean power spectrum of daily precipitation anomalies for 50 spring seasons (91
days each) over 1971~2020. Red solid and gray dashed lines indicate the 60% and 90% confidence upper limits of the red
noise spectrum, respectively. Red dots mark periods where the observed power spectral density exceeds the 90% confidence
limit (i.e., passes the 90% significance test), and black dots mark periods that do not

[ 5. () FEXE S (h)/ I X E FE X F K FEINERE. BEILN 1971~2020 4F 50 FEF(BF 91 X)&EH
Pk RENESFHRL., dEIERTAREILRN 60%EFE LR, REELTRRIARFILLN 0%EF LR, 4
BHRRNZENRINFRIEEEBE 0%EE LIRENET 00%EEHKRE), BEBRRRARNET

L7 DA 2= P I G SR BIL Y 5 B XA R ) J JIARFALE s A 30~60 R P ki I [) U A7
£ 45 REAMEZEGE S, RAOREG~T R) LR BRI B2, HAEXUR RUEZ(10~20 K)KIFTA 7
WP AR B . 45 R4 M & WA e 5 b FERE F=F 1 NIk E 5 — B (BSISOL) A K.
BSISOL A& M B 2= XX fi = ERUIRAR A 2 —, AT 30~60 Kl ], FHH744L MIO A7 4E WA H]
[32]. BSISOL AR IR TR ¥ A5 5 £ XU A BT (=R L B, P IE L R0 74 AT B A e s 14 5
FERAEE, i RS ORI . SRR, PP E A e AR S BT B2 30~60 K
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Figure 6. (a) Huanghuai region and (b) Jiangnan region: temporal distribution of spring extreme drought-flood whiplash events.
Blue and red indicate the time ranges of extreme drought-to-flood transition (EDTFT) and extreme flood-to-drought transition
(EFTDT), respectively. Dashed lines mark the years ending with 5 or 0

[E 6. (a) HERXES((D) IIMAXHEEFRIKRFREEHMESHE. BhEEMIESHIRRRESEFEDTFT)
MR uHiFHFE S (EFTOT)EHMRESEE . BERTENDKRER 5 X 0 HWEMH

Table 3. Statistical characteristics of EFTDT over the Huanghuai region
3 3. BEEHRIRE R EH(EFTDT) Gt HHE

¥ 46 H 2 H ) i B DL AR AR LA R SR Y FRELIS A (OR)
1979-5-2 1979-5-23 89% ~88% 177% 21
1987-6-3 1987-6-23 111% ~114% 225% 20
1988-5-11 1988-6-20 89% ~146% 235% 40
1989-6-3 1989-6-24 124% ~120% 244% 21
1994-4-14 1994-5-25 90% -83% 173% 41
1998-5-13 1998-6-18 161% ~122% 283% 36
2002-5-4 2002-6-9 169% ~92% 260% 36
2003-4-27 2003-5-29 122% ~86% 207% 32
2008-4-28 2008-6-8 122% ~76% 198% 41
2009-5-18 2009-6-24 110% ~91% 201% 37
2013-5-16 2013-6-20 147% ~106% 253% 35
2018-5-15 2018-6-6 150% ~108% 258% 22
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¥ % 3~5, 1971~2020 FEHZEMEX IL &4 12 Yk EFTDT Fi4k, EFTDT F: A9 35 A A 71
SRIE N 124%, B AL ARIN S5 5R B S —-103%, SEE R SE I8N 226%, SPIJRRSIT K 31.8 K. Bk
XISk A ad 7 Ik EDTFT S EDTFT S (1 8o A7 AH - 25198 FE —95%,  Hlsiin57  AH 1R)~F 250 3 FEE
N 198%, ZEETRFI TN 294%, PRSI KON 19.6 K. I X I MR i L SRS A B A i S
FHBREEAL, FEAR IG5 T AHSRAE, SRR AL DL Bt a] EIFAERE R R iR ZE RV RER R X
PR M TR B S A R R R 2

Table 4. Statistical characteristics of EDTFT over the Huanghuai region
= 4. BERERIG RS EHEDTFT) S IHHHE

AR A=k AR H W Wi AR IREE AR B A A R R SR FRELIS TR (OR)
1972-6-9 1972-6-30 -102% 217% 320% 21
1989-5-23 1989-6-3 ~84% 124% 208% 11
2005-5-28 2005-6-30 -99% 173% 273% 33
2006-6-9 2006-6-30 ~120% 261% 381% 21
2007-6-6 2007-6-28 ~79% 270% 348% 22
2015-6-12 2015-6-20 ~84% 144% 228% 8
2020-5-28 2020-6-18 ~96% 200% 297% 21

Table 5. Comparison of statistical characteristics between the two types of extreme drought-flood whiplash events in the
Huanghuai region

5. AAEREAERIREFH2EEMRITFER

FAERM M3t AL A R AW 5 67 58 5 SR FRELIS TR (OR)
EFTDT ~103% 124%* 226%* 31.8*
EDTFT ~95% 198%* 294%* 19.6*

i *REIZG B B 2 KT o = 0.05 [ Bootstrap t 1655 .

(g) Drought Phase of ED‘I;FTi ”
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Figure 7. (a)~(d) Huanghuai region: composite fields (scatter plots) of station-based SPDFI for the EFTDT extreme wet phase
(a); EFTDT extreme dry phase (b); EDTFT extreme dry phase (c); and EDTFT extreme wet phase (d); (e)~(h) Jiangnan region:
composite fields (scatter plots) of station-based SPDFI for the EFTDT extreme wet phase (e); EFTDT extreme dry phase (f);
EDTFT extreme dry phase (g); and EDTFT extreme wet phase (h). Stations marked with white dots indicate that their compo-
site SPDFI values are significantly different from zero based on the Bootstrap t-test at the significance level a = 0.05

7. ()~(d)FEXIN: 3% EFTDT #Rimi%Ar#H(a); EFTDT MiHEAIAE(D); EDTFT #RIHEAI4E(C) K% EDTFT i
HIIAE(d)R B uh SPDFI &RA(RISE); (e)~(h) iIRIXIE: 25l% EFTDT #RimimHI4E(e); EFTDT HRunFAIHE();
EDTFT #Rim 2448 (9) & EDTFT #Rimi5 {048 (h) B & 3 SPDFI & R% (B = ) . B h B & USRS A B 35 %R H SPDFI
ERES 0 MERBIEEZEMKF « =0.05 # Bootstrap t 104
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TOUE DX 3P A o 2 5 S A P b 5 B OLAR 0 65 0l SPDFI & AR I E 7(@)fs. 1EPIEH
PR 2 SR B LA, XA KB G i I8 o = 0.05 BEVEACF ST, R SCE A
POERHRE X B RAF A0S AR . BE— DX B (R A T WL, PSR4 3 B3 5 A 1) SPDFI 3747 £E 72
5. EFTDT SR B Az A0, SPDFI il o R EAL T oLl EDTRT S sm B A0, 5
SRR T WA TS EAR I S F R thAh, EFTDT FH4F A 5L AH LR A 57 1 X 32 2704 £ T Hh AR T,
1 EDTFT Fe{F i SA7AH & 3l SPDFI 55 1) 2% 8] 43 A I AE G 35150 o

3.4. TEAXBEFRIRFHEESHNGIHHE

1971~2020 4EHZ, TLEF X IRILIRIHE 15 Yk EDTFT Fih (35 6), Hoblm 200 AR 72 38 % -55%, %
SR AL BRI A 97%, SELIRIESFIN 152%, FH-TIIRFSER KN 26.1 K (3 8). LRI 9 K
EFTDT F44 (5 7), HoARuit A7 A - 3505 B A —53%, A3ty 15 (A T 3405 B ) 82%, ‘i i 135y 135%,
FA PRSI KO 22.6 K (55 8). Guil Al 2 SRR BH, Y1 Rd DX 45k P ity 52 57 o 2 SR A A A6 A ik
FE . WIm AL . BRI R R K B RS R, AN, A SCHER I RO S S A
PRI T79, TR R X S Tham 4 21 2011 KT b i KR AR Ao 52 87 S <A, 2 Ol E A Ak
FHICHIE TS ) V2 3R SESE[16]-[18],  #E— AR T AHF 58 7 vk I ml S .

Table 6. Statistical characteristics of EDTFT over the Jiangnan region
= 6. IR X IR IR R AL S (EDTFT) Git 41

e H FiR H Y it FAOLA AR AR By DA 5 TR FFEEI TR (CR)
1971-4-19 1971-5-26 ~44% 81% 125% 37
1982-5-24 1982-6-11 ~47% 90% 137% 18
1988-5-31 1988-6-21 ~53% 59% 113% 21
1990-5-2 1990-6-5 ~46% 56% 103% 34
1992-6-1 1992-6-25 ~59% 118% 177% 24
1995-5-14 1995-6-24 ~51% 133% 184% 41
1998-5-27 1998-6-17 ~53% 182% 235% 21
2000-5-13 2000-6-13 ~72% 85% 158% 31
2002-6-2 2002-6-23 ~76% 83% 159% 21
2005-4-22 2005-5-13 ~44% 66% 109% 21
2010-6-2 2010-6-18 ~41% 96% 137% 16
2011-5-23 2011-6-12 ~74% 97% 171% 20
2014-4-10 2014-5-14 ~46% 67% 112% 34
2014-6-5 2014-6-26 ~59% 87% 146% 21
2017-5-20 2017-6-21 ~58% 155% 213% 32

VLR XI5 A 52 05 A SIS TR 0 AR ] 6(b) o e 7243 My 35 e S5 VT g (X 4 W o 52 5 A i
FISCEVERT R IR, RSB ZEFRUELL SPDFI /() REOF 45—, A4 5 om Wy DX 52 5 S o 7 45 1A |
RLARAI AT, AHIX — KRB 2% 8] 56 3R AR AR I T 7 Wl S R B 8] [R5 b 7 XA [R] S R Al vy 52 55
SRR R AEAERT [B] EIEASAR B, NN E S . BRI S, B X o 5 4% 57 (EDTFT)
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5T A DX 3 i 97 e - (EFTDT) F AR AE 2005 4F [ HA L S DX S i i 95 4 - (EFTDT) 5 71 R X 38k
Uity B (EDTFT) AR 4> 51 T+ 1988 4F. 1998 4F % 2002 4F [FHA K 4= . #E—H 11 H P IX %2 SPDFI [
FIHIAHOC R AL, 25 BRI - H N EFHFARHEI KRS r=-0.14, HAREEZEMHKF o=0.05 15 EH
K88 o X —g5 Rt — eSO SME S TR X 2R (R A &) S DUAH S 9 52385 53 8 5 (A o0 A, (HPRIX
S i 5B A R A R 1) AR AR FMT

Table 7. Statistical characteristics of EFTDT over the Jiangnan region
e 7. LR ERIRI S R R (EFTDT) ST HHIE

Hr a6 H Y g H iy B LA SRS AR AR 58 TR FREER TR (CR)
1980-5-1 1980-5-26 69% ~52% 121% 25
1981-4-1 1981-4-29 86% ~51% 137% 28
1994-6-16 1994-6-30 132% ~48% 179% 14
1995-4-23 1995-5-14 80% ~51% 131% 21
2002-5-3 2002-6-2 72% ~76% 148% 30
2005-5-13 2005-6-6 66% ~42% 108% 24
2010-5-12 2010-6-2 71% ~41% 113% 21
2011-6-12 2011-6-30 97% ~58% 155% 18
2014-5-14 2014-6-5 67% ~59% 126% 22

Table 8. Comparison of statistical characteristics between the two types of extreme drought-flood whiplash events in the
Jiangnan region

% 8. ILRXEMARIR R H R M FITFHEXT L

PR A 7S AH 58 B A 57 2 H 58 5 UL FRELIT R ()
EFTDT ~53% 82% 135% 226
EDTFT ~55% 97% 152% 26.1

5 PE XA LE (18] 7(a)), VTR XA Sl i 52 5 S e A o Al 2 B (R A P~ 250 5 AT X i 53 (P
7(0))e ERHTEE RN, VLR DXRAE S 2 . WEALAR, KB 6 ol SPDFIJEI o= 0.05 2 E AR,
RN 8 I BRI B R (05 B SACERE . W R AR, TLRXIK EFTDT 5
EDTFT PRI T 555 5 S (M AR AL RO — 0 mE O AL B IE WIS 22 5 . 1T R A X Ik
FE LR PUANMAH 295 57 SR B ARG SR, 9T R XSk A SPDFI 5 3 fie i (R [X o

4, it ERE
4.1. i

(1) FTHi e MAR TR R 57 64 SPDFI ) REOF &ALy X 45 K0, HFEHEAE/EEE, 1T
Fa s POAEAIHRE DA R oCBE . o B DXk, VIR X 0N 7 2otk ok BB LR EH A2
Btz X

(2) XoF TEVERITL e P A DX I 2= /K R 0 OIS A A A5 R R, BN B X 2= K e o 1 77
FE 25 R ARENR A o SMEDXIRAE 10~20 RAEXUS I (8] RS EAFAE B35 {5, 1T 30~60 RZ=11 M
PG R RERIE S ARE . MR, LRIXIRIE 30~60 KI5 A IR N 1A RS 55 825, #EXUE (e
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