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Abstract: In November 2024, the precipitation in Heilongjiang Province reached 31.5 mm,
ranking as the 4th highest in the same period since 1961. An extreme precipitation event during
25-29 November contributed 73% of the total monthly precipitation, with its 5-day accumulated
precipitation being 13.5 times the climatological average for the same period. Analysis of the
circulation evolution revealed a clear two-phase variation in the mid- to high-latitude circulation
over Eurasia. In the early phase (1-24 November), precipitation was suppressed by a "negative in
the west, positive in the east” geopotential height anomaly pattern, corresponding to below-normal
precipitation. During the late phase (25-29 November), the circulation adjusted to an "inverted Q"
pattern, characterized by the establishment of dual blocking highs over the Ural Mountains and the
Sea of Okhotsk, which formed a stable configuration with the northeast cold vortex (NECV). This
configuration guided the southward intrusion of polar cold air, which intensely converged with the
warm and moist air transported by a low-level jet over Heilongjiang, enhancing moisture
convergence and dynamic lifting. Influenced by the locked phase of the dual blocking highs, this
weather system remained stagnant over the region, ultimately triggering a persistent, widespread
heavy precipitation event. Statistics show that 4 of the 10 wettest Novembers in Heilongjiang
since 1961 were dominated by single extreme precipitation events, revealing the critical role of
synoptic-scale system adjustments in causing November precipitation anomalies. These results
enhance our understanding of the causes of extreme precipitation in November in Heilongjiang
Province and provide important references for its prediction.
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TEARRABIRT T, E &M KRIR IR P K 35 RO 234, ELXH A5 AR 1 i B AR
BT 2T (FMEAFRIEE, 2013). ARAHIX (N mshok S o mx, HAmas
PR R IE R Y, 42K BB AR AR BRI 2 a3, Wt Bk /K A AR A3 A 8
5E FTF (ESZERMEF, 2013; Wang et al, 2013; x| 13545, 2013, Zhang etal, 2020).
BRI, [ 2002 4ELISK, KB IKFFSARD, H51R ML R ks 56 KPR %3
(NAO) FNLARSEH, Mk V&M, EAF THRMASSE F. B FHA S 5RE
AKIEZEL, IR X & 0 B K A e AR U LR 2 (BRig L%, 2019).
IeAh, ZFJERTEREILES (30°~50N. 10°-40F) MPGILA T EERFEF % . 2001 FE LG
PR AL R PUPRIREIR 528, 3502 T AR At [X 4 25 [ /K S5 35 100 Jm 10 2B B2 R 3R (22 42 2%, 2012,
Ak A%E, 2023; Xuetal, 2023). [ 70K, HFRESMRIAE FAb, ARTAZR KGR 14
ARERIRES , ARG X &R R 2440 T KU SR R (ESEMB T, 2013;
Wang et al, 2013; 4FEZR%E, 2013). 7£ FIASMEE =T, TEAEHRAGECHE, b
%3 (AO) il NAO FAIARVEZNIG SR, JFH 3 EOR b A XA B g o, Horh 5
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P 7R 1L BELZE re AN DU R WA (2 SL R Fe, il S SRR AR R SR T S 5% (kA
55, 2015; ALK, 2017, LERMIAN B, 2018; JH 55, 2025; Zhou etal, 2025).
SR BT PGAC RSP A B e [ 1) S Al o R R KT, A AR AL X B /K )
PERRAE T DG KV (CE3ESE, 20105 ATANSS, 2016; U R[4, 2024; FLBRFFEE, 2024).
WAL, ZRAGVIR 5 B B H S i SN AR FLAE 2 51 R AR b [X A 2= A o e K 1) 2 22
HOREEMLE] (TSR %%, 2022; (@RS, 2024; Xuetal, 2024; X|E3#%%, 2025),

EORITH A AR A X IS, RRELAERK . RBARNE 0, HAEWRREKEET
FARBR R IE RN, SRR E A —5, Hh, 11 AR KA TN
DB, AR, SEORTL 11 A M MK AR AR SRR A, 0 2021 4, 2023 4 A1 2024
11 A R R R T R FRR R, SR i A BRI, ST A I8 W R AR S A S
R R, RS FE O B R TR A U 2024 4F 11 F 448 FRK R IA 315 mm,
SR 1961 4 LUK I S (A A 25 DU 22 , Hovh 25—29 H A o e /K el A 5 S50 /K e o f) B IR DR,
IRANIRTC 11 AR B BT U R, ST TR T R 0 sl o g 1t . FRI A R
PE R 7= e A A BB E s

5 AR AuHh X H K O R BRI FCAEL GRRERITG &, 2014; o R,
2015; J5— K%, 2016; #BXMRJE4E, 2020; Ding and Gao, 2021), HRTEFX B RITAZEH
i B /K S (R BIE TEAT AR R AN 2, HLIA W 78 2 4 b T U et FNERR 43 B4 2 T G 35, 2022
MEHE, 2023). ik, ASCLL 2024 4F 11 A BRI K EA NI, E AT
B KA B T S5 O B RFAE « A B /K A (PR IR G B SR VR RFAE. (BRIE%E, 2025; 7K
FAEAE, 2023; VE/ANEESE, 2022; ZEERSE, 2022), mZAEI S ISRAMGINTEH, BRI
TN ZE SRR RFAE DT P o v 8 DX A i e K T LR RV BELAR D BEORTT 11 H Bk T
TER AR
1 BRI

it FH 8 g B VTS G s v L3R L ) 1961—2024 46 ST 62 MBI < 53 H B /K
PR, 1961-—2024 435 [F [E Z R M Ik O/ B KT 70 (NCEP/NCAR) 2 H
Wi eE iy, g, BEEESTR, KPR 2595 EHTH 17 B,
S RRAS AL 19912020 4RV SRAIRAAI2 T 1270 2024 4F 11 H AN B RO

v LB RS IE B Wi B A R RO PR R B, JEX EE 3 SR BLARE AR AL
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Fig.1 Distribution of (a) precipitation and (b) its anomaly percentage over Heilongjiang Province in November
2024
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Fig.2 Daily precipitation in Heilongjiang Province in November 2024
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B3 2024 4 11 H (a) 500 hPa 74 (SR(ELR, A gpm) KHEEF (HE, #47: gpm), (b) 850
hPa RUZEE T (i, Bfr: ms™) RAHREET GHt, B 10°s1) 1 (o) BEKKERET (Ff
K, HAr: kgm?tsh) RBUSIET (G, #f: 10°kgm?st) A8 A

Fig.3 Spatial distributions of (a) 500 hPa geopotential height (contour, unit: gpm) and its anomaly (colored, unit:
gpm), (b) 850 hPa wind field anomaly (vector, unit: m s ) and relative vorticity anomaly (colored, unit: 10 s%),
and (c) vertically integrated water vapor flux anomaly (vector, unit: kg m™ s ) and its divergence anomaly
(colored, unit: 10° kg m? s ) in November 2024
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Fig.4 Spatial distributions of (a) 500 hPa geopotential height (contour, unit: gpm) and its anomaly (colored,
unit:gpm), (b) 850 hPa wind field (vector, unit: m s™%) and relative vorticity (colored, unit: 10 s, and (c)
vertically integrated water vapor flux (vector, unit: kg -m™ s) and its divergence (colored, unit: 10° kg m?s%),
and (d) latitude-height profile of vertical velocity (colored, unit: 10 Pa s™*) and meridional wind (vector, unit:
m s) averaged along 120=—135 during 25—29 November 2024
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ARACIUIBH 2 i s 51 R 2R 25 P St danis H AR AT P AL A TR KR, TR ikl B4R &
Hty, FEAERETRZI AR E _ETHEE); 2018 4F 11 H 9 H HAESE Ll 58 5 BT
PR R GAHIC &, R IR DAL T BRI AR A, 5] 500 B SR A TORIEY J&
EHAM AR K Rl —d IR X ;2020 4 11 19 HXE 2 BT B4
SIACE RS, R R ACE A AR R B H A BT 5 S SUBeh i dz i, RReiTrg
FRAL TR AN S U 18] I DX, TR UMD AE , o 1Y) 7Y i 2 AeRs o R i . Aty
ABTTE S R I A H AR S8 22 AN KR R 2R AT T i 2024 48 11 H 26
H 32 SRE e g AN 5 B 7R R g 55 2R A BV e SE R 2 SRR R 4 4 88 25 1 Ul sUMAAL
i 7R i S R AR HE AN H AR KT

(a) 12Nov 2012 500H (b) 12Nov 2012 Moisture Flux

60°E 90°E 120°E 150°E 180° 60°E 90°E
-IIIIIIII_ __IIII
-240 -180 -120 -60 60 120 180 240 20 -15 -10 -5 0




(d) 9Nov 2018 Moisture Flux

60°E 90°E 120°E 150°E 180° 60°E 90°E 120°E 150°E 180°

T 1 [ [ T [ [ UEEEEEEEERE
20 5 -0 5 0 5 10 15 20

-240 -180 20 60 0 60 120 180 240

(e) 19Nov 2020 500H () 19Nov 2020 Moisture Flux

75°N 75°N
60°N 60°N
45°N 45°N
30°N 30°N
15°N 4~ , 4 15°N
=
0° 0 I = H/ZIM & - 0°
60°E 90°E 120°E 150°E 180° 60°E 90°E 120°E 150°E 180°
_IEEEEEN

-240 -180 -120 -60 O 60 120 180 240 15 20

B 5 (a, b) 2012 4F. (c, d) 2018 £EFI (e, ) 2020 4F 11 A HrumpésK H IR 5 /KR e B 25 18] 40 A

(a, ¢, ©) 500 hPa {7 %4 & (B Lk, Hhi:gpm) LHEET (M, Hoigpm) , (b, d, £ BEKAEE
(%%, #hr: kgm s KEEE e, B 10°kgm?s ™

Fig.5 Spatial distributions of circulation and moisture configuration for the heaviest precipitation days in
November of (a,b) 2012, (c,d) 2018, and (e,f) 2020

(a,c,e) 500 hPa geopotential height (contour, unit: gpm) and its anomaly (colored, unit:gpm),(b,d,f) vertically
integrated water vapor flux (vector, unit: kg m™ s) and its divergence (colored, unit; 10° kg m? s
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Fig.6 Time series of the vertically integrated moisture transport across each boundary for the four extreme
precipitation events in November of (a) 2012, (b) 2018, (c) 2020, and (d) 2024
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F1 BRI 4R 11 BiRuskEkdiResarEk B hmkssH
Table 1 Statistics of dynamic and moisture parameters on the heaviest precipitation day of the four November
extreme events in Heilongjiang Province

R pEK H 850 hPa f K 850 hPa KAl /KRB & I (E/ KB REA PO T EEE O (10
R/ (msh  XWEE/(107%sY  (kgmts™ (10%kgm?s ™) Pas®)
2012411 H 12 H 21.0 7.0 265.0 -5.0 -1.8
2018411 H9 H 231 6.5 521.8 -4.2 -2.4
2020411 H 19 H 25.2 8.2 891.4 -4.2 -2.9
2024411 H 26 H 18.6 7.0 463.7 -5.6 -3.1

LA TR, 3X 4 il B AL BRI IR 5 KV R A EAFAE W] 2 22 57t . 2012 4F Al 2024
IR AR AA R EER], i 2018 4F A1 2020 4 R B SZERAER N, Hodh 2020 F I FAKEIE
HEESRZI I T A . KRR AR E— B3R B, 2012 4F., 2018 41 2024 Fid B A A F—
ZRIRKIR I e JIRSAIE, 2012 4F 1 2024 47 EZORIET H AW A AL FPEIZKIR, 2018
FEIRIERIFTE) 12, I EFE R A F— I BS X R 7K K. 2020 A R ) 3 22 b 5t % 1Y
P T PRAE SR RSN, KR RIR o P DA . AL PR M — IR R H A5 %
AN, FEKTEHE L, 2012 EH 2024 ESZAHTEHIBOR, 2018 A1 2020 40 73 ) 2 DL
RESS BN, RETAE ER R, X 4 RFE/KIE R R I S A SRR IE . 2 PEARR
EPARAY CRACA e ICREAIBHZE & mEE) oM, FREEE IS 2unAE ETHssh, K
S5t i i B 7 i I P K TR AR o SR BRI /KR -3 AT I B R R R A5 SR K i P S
4 ML

ARSCR FH 3 i /KR NCEP 1543 BT BRI BB, of 2024 4F 11 H SBT3 B /K R iAL
WRFF RS Wi T, I 5 0 AR AT R L, LSRR

2024 4£ 11 H, HEIRITRE/KEIR 31.5 mm, N 1961 SELCKI 25D %£ . Hh 2529 H
PRI B K A 5 d BT FEKEIE 22.9 mm, (542 H BE/KSEIN 73%, 177 5 [F #1735 1) 13.5
&, P EOZ A PR 5 I 2 (A B R DR o e s B K A0 BRI Hh s 26 R R B B
WL BT (1—24 HD 2'IUSRRIE SR, oKD R (25—29 HD
PRPEAR Jefp] B, 1 R LR S Vo v R PHL 28 R JE 5 AR b AR TR R TR B, 51 Sk
M7 SR N, FR SRS SRS I B SIRAE BV sl el T KRR A 53

JI6 Tt o 52 BH 26 v IR RA N, 2% R GE BRI E S i B S B2 5 R R Bt KV B K
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