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Abstract

Based on the NCEP FNL reanalysis data, ground meteorological station live data and other multi-
source data, this paper analyzes the extreme precipitation and gale process caused by the strong
cold wave in Xinjiang from February 16 to 17, 2024, focusing on the previous climate background,
circulation situation and the causes of cold wave weather. The results show that the abnormal high
temperature weather provides a favorable temperature basis for the outbreak of cold air. During
the weather process, the continuous southward pressure of polar cold air promotes the continuous
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southward invasion of polar cold air under the guidance of strong northerly airflow, which provides
a favorable large-scale weather background for the cold wave. The circulation situation at 500 hPa
is a typical “Caspian Sea rising ridge and transverse trough turning vertical” type. The surface cold
high pressure is generated near Xindi Island. Under the action of terrain forcing, the cold air accel-
erates to sink and triggers the momentum downward effect, resulting in strong northwest wind in
northern and southern Xinjiang. The cold wave outbreak shows significant coupling characteristics
of thermal and dynamic conditions. At the same time, strong negative temperature advection, as-
cending motion and high relative humidity in the lower atmosphere are important reasons for the
occurrence and maintenance of snowfall.
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FEHME N PR ) R EE R ARG, B E AL X2 g b X ) A S RolkE
PR SCIEH DA R At S G BFEETH PA A TR R . AR, B ARSI E, SR A A
RANGRE LI R R, SR T E AAMEE T2 O . A LA R b R X ) R A
FERBFFERT G, G5 T R ANLS] . SRR L Hof XA = S RAE SRR, B NFEHIR
AT VA N SR R R AR

ARk, [N 3 B B A 7 T R R . ARRAE B R AT T R E L. A T —IC[ 1]
RIS AT 53 AR A [ SE W AR A RRAE, F8 H FE AT (9800 5 AR A28 R U 55 B DI AR OG o et 2 F gk
HE 21—, RS0 CA Frisb, HHRE HR R TS, IX RO KA Rt
FEA R A BRARHR T PR 7EFERA M SARRRAE T, BRI PM R [3 il I X 1961~2010 4 A [E A S35 3)
FRIEMIAE 7S, RIA B SIG AR IEA R R E WD, (HEERGHEMN. thoh, FaEE4R T
1961~2017 4 RTid S X FERITEG SRR, T 1% X FERITIR LD, (E AR FE ) A 1 9 g I F R
WS, (EFEMIIRM T, RIEBRZFSHEE, T/ NEELAFHHEHRTEZHE, FECRIED
Fe. thAh, FEENETRESI R — RINKERE, WIEBAK. BRI RISC B SE, SHh S uri
KK TEFERILIX, FEWIRAMB IS T BB R . G REEE[6]0 T 1 %7 58— UGE i b % 42 5680
RAARE, o hIemI RS RERT, AR B A R EEEHESE), NIEREIREE DIWKR), %
TARBEKIG, B RAERAER . A, RS AE (7 E S BUE ARSI 7T 1 R L b TR0 SR XU B i
RARIVER, R BIR LLr LLJok (8 J TR o 94 g 7% 72k b 76 8 1 2 R o o ik B A0 P <o A 1 S P LA R Uk 22
FH, ST AERES 7R 23 1t b 50 11 5 o PR Tt il Bt A — 2 R R AR

AR R EHLIX 2024 4 2 A — UORFER KOS FEATIRATE T, AT IR IR FER T L . R &
THAS R DA SE AL, A7 Bh TR 8 W R MBS 7T, $R R 28 KA AR, R BN
Hh TR R AT B YA RO SR B R B , el TR 42 SRR A A R SR AR 5

2. kIR
ARICFA 2024 F 2 F 15~18 H3EEE R AL M A0 (NCEP) 3 It 7Y F 43 BT £ 35 82 (NCEP FNL
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Operational Global Analysis data), 1ZZHREE B 9HE RN 6 /I, FEGHFHERN 1°x1°; HFESKKR “XK
BRGR” MR RRKEE = PSR KE . ORI TR G E KGR Wk 5 gt 10 <R e
S BE7KBEF H or Z R

3. RESEAET

2024 4F 2 H 16~17 HFrgmuh X Bl — il K. KRGS, RAGEFERARE, JbsE . R X
AmE N DXL BN e T G A bt IR e T By, e RSB PEERAL . Rl X A db s sl X
TR RIS, FiRS, FERNHIRRS . 16~17 H, HHEM BT8R . & M ZRER.
I T T 8 ) AR g B A A, PP A 2 (23,1 mm)s F5900(20.9 mm) B ELVAT(17.9 mm) 635 111(9.1 mm).
ZIRI (4.5 mm)BJFT A, 2 H B KRR KEAE, Je#v. BURRRESE 06, MR, SARESR=
A, Forp s, ABES L. 20T 3 sl RN IR T A i &2 H R KR K BEWRAE (R 1).

Table 1. 24-hour precipitation of main stations during the weather process

=1 RSB EEN S 24 NEEKE

w5 4 24 /IR K &
51434 i 23.1
51186 H 20.9
51053 W B 17.9
51288 Je 9.1
52313 AR ] 4.5
51433 =B 12.9
51701 IR IR 4 9.6
51137 R 14.7
51059 HARJY 7.2

2 3 16~17 H, 2@ KEH X H I 8 24 X PL ERR, AL TN BE3t X AL EE . A+, B
AR S BTt 25X L WA DX, BN ik 2 T L e T AR K AF A, BT L 11(39.6 mYs)
FEFCHR(32.3 m/s). A 5838 /R (31.9 m/s).

4. ZEEIRLEAE
4.1. RS &R

2024 52 H 1~16 H 5% F FIHAH L, 35500 4 5 SRR =, ALsB 78 163 5 Hh ik = 4 C~6°C,
FASE AR 1°C~2°C, JAMifm 2°C~4°C, 15~16 H MR ILs R & &R A2 0°C Ll L, MiEREAt
£ 8C~16°C, FFSEVUERT % 20°C LA L[k R~ 1 4B 2 RER I i R ok, B /K w2 i 400%, AT
DL I PR G AR B S 5 v R AR A 2 AR R AR A R P U
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4.2. MR

100 hPa % AR AL 40 A0 HLZR P BRI 5 FE T o, FERIAM AR e 5 SRp i f IR, X R i
AR, (R S RIS T T AR R 2, NFERER A R KRR AE &
(¥ 1). 500 hPa PRI E AN BRI « BHUREHCE . MREAE R B, SEMIATIARIEE L & — M —F AR, &
WX, DUI/RIIZ A 9% 4R - sadbim K. 15 HE 16 H 08 B (14 2(a). Kl 2(b)), KRIHE
bR, BFTUE 70°N LU, B AT SRIb R 5, f A 2= S ARG R R, DI/ AR RS e,
A SRR . PCR AE AT VS SR R A 36 m/s, fIRIR O BRI 496 hPa, BLA—48CHAH L. 17 H
08 Hf~18 H 02 BF (14 2(c)« Kl 2(d)), Bl RKIMNE AR m 2R, o DU R ARG 4% ) 7 %, JEWIR K, —44°C
RELEEAbEE B, A R R IE N ERIIX, 18 pOE ] R R

WP MR, BT B R TR R R B AR S W R s SR
GS(2020)4619 S FruEH EHIE, JEETBH.

Figure 1. The average circulation situation at 100 hPa during the weather process
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Figure 2. 500 hPa height field (black isoline), temperature field (red dotted line) and jet stream area (filling color). (a) 08:00
on 15th; (b) 08:00 on 16th; (c) At 08:00 on 17 July; (d) 02:00 on 18th

[ 2. 500 hPa S EH(REFEL). BEHURESRSREER). (2) 15 B 08 Bf; (b) 16 B 08 Ef; (c) 17 H 08
Bf; (d) 18 B 02 Bt

4.3. RivXSHA

SRR FEm R b, MO TR VA R AR TR b B BT, A e AR R AL ER AR R N R nGE, T 16~17
H 2 PE AL AR HIR B AR X8, i ¥ & e A O SR ABIA ) 1052.5 hPa (4] 3(a). 4] 3(b)), TERGER K
AMEERG. FNFE, 258 FHEREwW, miEah Rl E R R RS, 1% XI5 w2 i v
AR SURBRE, NATAAREE N T %M. SRS RRKE, FEERKRSUEME T,
%S A e JE RS R LRI K R s . EHRESRIEAE A R, B SR RO, Bl & RN, 5
AL 5 AN e SR X H ISR PG ALK R e SR T B0 0 0 s AL A A 4 XU S R, IR T S KRR S
558 JE 5 5 I

18 H(E 3(c)), A s oo B B sy, (H4kstim 0 5 1 sh S bR 30, Ml 2R &y
B, SUEME AR IEAR M r SR A, JEZEIA 20 hPa. 24N F A2 db 5E A A3 I AR 58X R H 34
BARKI X SN e SR . T AR RR (O MR B P, SR R DO R R R R A RN, S BORRRA
FUOmE . FIESRRAER T, i AREBIS SR, MR ARSI, IR ARRSITER, A
ERAGBERGHD) . LS8N S R A AL FE R SR, AR T TR R R AR il T TR
JE ZR SR AR X IR P RS R AR AL

4.4. EHBRHA

IE IR FETI R R I B AR RN B) S S AR B R IE . HTHA, HroE X 850~700 hPa SZHEHF 4%, #4
JIEE R b G IRON 3, R X 2 IR T 16 H S 20°C, TERUI] R IBE RN, N R BRA S
APURENZ SRR Z PRI IR A T 70 2 IR SRR A% ], BEE T IRl MBI ERE S 500 hPa 2
T, HO SRR A —44°C YA 1R R 2 ALEBILEE, [FIRF 700~850 hPa #4155 500 hPa AHEM B mEE A, #
OB FE I AEREE-32°C, TEIEE T M IR IEA T R AR E . S WIS SRR R PUR A A
HERL R EHE, £ 40~50°N ZiEH7 N, 850 hPa M1 700 hPa /2 ¥ % 4 flik 28°CH1 32°C, XFEH
KEZH = BAEREA PR E, (A S PR IR g R
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Figure 3. Sea level pressure field (black isoline) and 24-hour pressure variation (color filling); (a) 08:00 on 16th; (b) 08:00 on
17th; (c) 02:00 on 18th
E 3. BTESESERFELZ K 24 NEEGER). (a) 16 H 08 BY; (b) 17 H 08 BY; (c) 18 H 02 B

4.5. FEERHA

AR 2R sl o, b e SE M AR T B P S R SO R AT TSR AT, B T A SRR B IR IR
I (A R B R 2 5. 7E 2 H 15~17 HIFIAL, 1000~700 hPa ik /2 A A HY B0 (1 77 5 P, 28
A SIS B B2, MITE 200~300 hPa (15 2 KA, PR IRE RN, R ZE RS
TREEARX AR R (B 4(a))e AR BE B 20 AT RFAE S FLIT [ AR A0 B 5 e Rk 21 7 S Z/EH, 7E 1000~700
hPa G2 RS, HIXHR R i m, FEAYERRTE 80% LA b, BEAE w0 Th i, M RHIG B 5L 3B PRI Fr
#o IR E, 2 H 16~17 BARERSAHXHEE A I, NSRS 4Rt TFEE
FIKIR S At o R I 25 AR AL AR AE R RE 2 2 (8] 4(b)). 7E 2 H 15~17 HIWTE, 1000~700 hPa %2 K< XGHE
g, R NRIESR BAF B B0 20k, 2 H 16~17 H 1000~700 hPa ££1E 8] & (1) 7t
1830, EIHSEERE S KIRAF UIATE, A B TR S R A RS (E 4(0). ZF BRTIR, 2 A 15~17
H A, A2 KA E S AR 1 TR PR B IS 3 DU AR o IX SE R AE 3 (R R B A = K1
ARG IG5, PSR A S i B R A
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Figure 4. Altay (a) temperature advection, (a) temperature (color) and relative humidity (contour), (c) vertical velocity and
time height profile of wind field
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5. &t

ARTOR 2024 5 2 7 16~17 HIA AR s X i 58 98] 518 A fom fK . KRG, =i 1 i)
AERE R IS FEERRAERRN, BT R

1) B35 i 5 R e TR O SRR R GG TSR A 2024 4F 2 ) 1~16 T EERHS 2 % i
LR S A A R, RS TR T SR PR PR TR A BE 5 100 hPa 2R 4 BR 5 AR AR TR A1 30n FHE S AR M v 2 A i s
500 hPa “ HLRBCH . BOREEC " SRS S m N, SRR ISR OGRS

2) Yol HOE SHRRHE PR VS A AID RA: Br it By AR R T A e TR I PR AL B AR R b, 5
T 5 2 PR T R SRR E s A ORI R 1 . WAKOR e B SZ i Sl 5 R B R R AR, S
FHE TR, SRR D4, ST K E

3) AHE G S 2 AR E R U R IR T B IR N R - 1T 850~700 hPa IR T AR “ BRIALN 7,
HRMRERYERGIEERIL 2, IR R REMRA- TR, S €I, RN, 02 58 s R
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