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Abstract

On the night of April 28th to the early morning of April 29th, 2025, Lhasa Konggar Airport experi-
enced a rare “thunderstorm snow” severe convective weather, with a cumulative precipitation of
26 mm and a maximum hourly rainfall of 9.6 mm. Along with strong lightning, small hail, snow
showers, and northerly gusts, multiple flights were affected by the weather and returned to alter-
nate airports. This article is based on multi-source observation data, reanalysis fields, and numeri-
cal models such as ECMWF /GFS. It systematically reviews the strong convective process at the high-
altitude airport, evaluates the performance of multimodal forecasting, analyzes the formation
mechanism of “thunderstorms snow”, and proposes a multimodal fusion optimization scheme. Re-
search has shown that the shear of the plateau vortex is stably maintained under the “two troughs
and one ridge” circulation and double high pressure compression, and strong convection is trig-
gered by the intense opposition between the southwest warm and humid airflow and the northerly
strong cold air; The abundant supercooled water vapor in the upper floors leads to the dominance
of ice phase processes, which is the key cause of “thunderstorms snow”; Multimodal forecasting of
circulation patterns in high-altitude airports is accurate, but there are underestimations of precip-
itation and temporal deviations, which need to be dynamically corrected in conjunction with actual
observations. In addition, high-altitude airports have significant differences in various index fore-
casts compared to mainland airports. This article aims to summarize the process of ice convection
in high-altitude airports through process analysis, and provide a reference for such forecasts during
the spring summer and autumn winter seasons of high-altitude airports.
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2. REELASHRER
21 WS HZE

2.1.1. BIERIR

7R EL 2025 4F 4 A 28 H 15:00 UTC~29 H 06:00 UTC Hip% 5T L3 (1ICAO:ZULS) 4 ¢ 51| Wil %
Bl MR - AR SE RS, Lo b ORREEEIE: (1) R SR BRI (METAR/SPECI)
H 7 g 2 A e SIS R B0, 0 5 B AT METAR #RSCRIR AR 9838 SPECH IR M « N |) 49 3 % «
W Lh, BRANAR K 5~30 min DU LR KR KOE, BERG R RAZIXTE] ., R . =
. CB BN =M. RiR/FE S AR QNH 2l KA YD b 6 B X D) ARSI #0453
i (RS RAE) gmidbrdt, TSR] 7 5 B > G 5 H RS =M B e B B K E
Giit. (2) Hi AR AR ZERNGE R : () TURNIAHIT A & min i, K B FAKEF
Bed, Gt 2t Aok E 26 mm. /N FEGR 9.6 mm. JTHbTH 1°C~3CARIRA RSN, (b) HizK B
12 km BRI IE: 3REL 0~6 km 4 5t 23 B AR ZE . T B X Y) A5 (250°~340° KA #1248 [ X 10 mfs),
FFAT IER R E R i 25, ST A 3R (2 L5 km)E=WFH; (c) TR C B2 8 R HE
e HE SO F KT (>45 dBz MREIE) . ERSRESK VIL 4218 K70 5, I8 6 min/i,  FRE
TR VAR R R E: (3) Z2EARREUE TR R G535 (a) ECMWE (BRI AR ST
). 0.25° x 0.25° 43 #F%, 3 h FRTHidk + e o RBEFR, $2HL 500 hPa/200 hPa Fhifi. frds
FEv A AT, WEEEE. BUE. KPR E; (b) GFS: 0.5°MH%, & 6h Ty, T UL
B WA SN FEXT RS s () ERAS BT EUESE[7] (ECMWF): 0.25° 1h 3Ry, sk
SEEHEY), 5 ECIGFS Tikim z, EAbm R Kin. Wil — G mE WAHE; (5) W EATERRL, BT
ERFEMEEEE, THEOCEXNRSH: CAPE XA A ALAE. 0 CRlLE BB, 400 hPa UK AH/KEEITR & L
T BRI B, MBS HUT .

21.2. ARGWFEE

(1) RASFEHRRIEWERH S + MEBEE % 500 hPa “Hfli—4 " /0%, 200 hPa & ZiF
JEARIR N MR AL SRR R E 8T, PR BUm RS R (RS + BB R R) ARSI A KR
AR B = RYEFFLE, € BT URRRE (>18 hPa). HAEE(-12 x 1073\ \{s} ). HEH EFFEEE(-1.2\
\{Pa/s}) KBERIME . (2) ZHABIRMEREZMARLRTE. () MLREHRL . 15 ECIGFS #1155 ERAS
AT AAR G R E(>0.9 ATHRMTF), VPR RERRIERAERZ: (b) EEIRES: BEAE R ZE
(EC BE/KAGAY 40%). I8 SNt 0 22 (GFS i 5 2 h), MRS S RGRE R (©) 2Py
TS ¥ S - BIRIE X UCE PRy, BE 2 AR &7 15 T TS 40 $2 THiE B2 (AL G 4271 22%). (3)
VKA EENLEE S W2 o IEWT R = 2 450 ARZ I A #2(0~1.5km, Sl <4°C). HZWRHETHRHA
(TE RSV A IR T . 5 Z VKA AE HEL[X (200~400 hPa 3 ¥ /K M) 45 S Uk KBRS EE > 0.5 glkg 8
B, IhmmEERES AR - - R = BMESEA . (4) 2R E G BIE R R ZE 1]
BOMBEE R TT % AR s SE iR 72 RMSE {BI%/E 9 BLE, w=1/RMSE, 737X} EC [#/K. GFS X}
WP, FORER CAPE BEEMUNBUEERL, AXIEH 5.2 ARAGHAL, SIS IE RS R PRk
ARHEZL . (B) Hle TR BB Ger 2t T AR TERES A + i 1 SR RIZEORA, AN = ST FI4E : 5%
MR VKA (RE BRI RIG S8, B R R T B S s Tl e A &

2.1.3. BiEFRITERAA
(1) OCHIBRERI, FEADICSE, S KUH R AR AR OO B A sl kb, (2) AN HE 4 W M4
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HS— % 0.25 MM, Sl sischl S MIVLA: (3) CAPE S8 Xl 4R BURHE i e S5 8 IE AT 1E (X 1 J5
WL, W R CAPE > 300 BIIAXS FUEFRIE), YHERHEEIR 3600 m el H =0T A (A5 Sk (1 Fi 80 R S i
Fo

2.2. SCRYHE

RN AE: 28 H 22:35 % 29 H 23:10 HILAFEN (SHRA, 3.1 mm), BJ5TE R#(TS)izhiE5%, 28 H
23:10~29 H 24:00 HiFL58 R B4 R AL /MK E (TSRAGS), i FEF#/K 3% 3.8 mm, 29 H 00: 00 % 05:19 £it
FY & 26 mm, [A] 1 30 75 A Y % 2 (TSRASN) . METAR 13010 3% i 3 B RIS &2 2 (XA 250°~340°),
FERUAE] 10 mis, L3 1 WL SEHR L.

Table 1. Aerodrome METAR
%= 1. SRR

FHR(UTC) L .t

_ METAR ZULS 281800Z 31005MPS 7000 -TSRASN I
18:00 SCTO040CB SCT050 BKNO70 00/00 Q1030 NOSIG= CEES

_ METAR ZULS 281600Z 25006MPS 9999 -TSRAGS SCTO40CB T
16:00 SCT050 BKNO70 01/01 Q1029 NOSIG= R
1548 SPECI ZULS 281548Z 30005G10MPS 250V/340 9999 -TSRA —_

' SCT040CB SCT050 BKNO70 03/01 Q1028 NOSIG= i FERE
1528 SPECI ZULS 2815297 36004MPS 300V020 9999 -TSRA FEW040CB —_

' SCT070 05/02 Q1027 NOSIG= i FERE

CHEMEE” B4 29 H 00:00~05:19 e M E W . /NKEL(SHGS) A i 3¢ 25 (SHRASN), 3/ 1 T IR
ERERE 1°C~3°C, 53T HEEASKEAKIFFZLE 2).

Table 2. Parameters of severe convective weather at Lhasa airport (28~29 April 2025)
7= 2.2025 £F 4 B 28~29 BRFFHIAEIT MR [IEH

B REIKR FKkEmm)  ERE(C) ROEARHIE =WHE  CAPE ¥
22:35~23:10 SHRA 3.1 3-5 A 250°~340° 5~6 KM 300
23:10~24:00  TSRA + SHGS 38 1-3 [ X, 10 m/s 9~10 KM 500~600
00:03~05:191  TSRA + SHSN 26.0 1~2 MEAYIERZE  8~10KM 400~600

2.3. XBINRRYG

XA R A TURHEHEAT 2047, 500 hPa w2 [EALES “ Pk —8 7, m R ARI DI s,
PLBE LA TIAE S rhLax I, (i b5 08 R SRR ZU e 200 hPa i R 2 TG R TG ER B R
Mg b2 m S, RERMGE A K E B R), KA KERERE S| R onE f. R B b, &5 R
&AL, HLAMEE UK > 18 hPa; 29 H 02 WHI S O sg s I F R Fg 4 g, Yol 2 LR B S S48 .
KUK, FEARR TR s te, R Y En B A A I X, F 75 e i WU AT, v 588 1]
WACIR MG B P AR v I T v SRR DA A KR I e o A 5

PR B AAR SER TFT, BlE . B e S B R R AR e 4ERE . HIR AL B & nki<iE
i, FEKIERE, SR [ K

T b SRR O AR S IX, AGE R, A AR SRR BE L . 28 H 23 Ik AL E o
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Figure 1. 500 hPa reanalysis field
1. 500 hPa B4 #715

500 hPa 3 #riz o tir, 20 IF~02 W4 =KL PU R &E . AR ALEE 7 A A7 A M I 22 R e (LA 1),
VAR RILPG R - ZRAGE R, A FUIRME, 23 B ARG S TR SR i, fEA R, REd
e, MR ENCE, AR TR dREPEENI T EMSERE, ERHTHEFERAE NN
BRI, B E R E R R, VIR T A B MEE, BEhgg.
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Figure 2. 200 hPa reanalysis field
2. 200 hPa B3 #715

200 hPa =M (LA 2), UGB PH B AR B R A0, LR LR AR RS NIRIE R G A
W AN TO MR SRR, =R R & AFLF, 100 hPa JEH K. ZZERE AR T &mEH R &S
Yo 7R S B A KB, WA S A N L o BRGSO ORI R o5 2 o BEVROR TR R R X 200 hPa )2 8 7
W ®EAAEREERKIR, AR TUAEY 5 .
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Figure 3. 500 hPa upper-level chart from EC forecast field analysis
3. FuiRIH S Hr-EC-500 hpa &=

T 5 AT R SOLE 3), BER AR R T UKD BMIE ROF,  E 3Bk
TR,

2.4. RGHRFE

(1) WEEs . Flmdds 2 (588 L&) I 2 Tih RH, HSEEFEREERAGIEHES, @
i FARIR VIR R ke b3, AR TKIRFIREEHER

(2) AKVRIBIE GRS FEATVE R R BB IR, ) s i R AR S 1% 7 I 7K (400 hPa UK AH /K EE) T
A bR ) -

(3) AEEALRNLE: D)AS LR P I/ B OB R 1.2 Pals, BREH O E-12 x 108572,

3. ZAER TR M BEITAY
3.1. IREB IR

ECMWF 5 GFS f 500 hPa “Pifli—& " . w7207 B M 200 hPa I 1 Ttk 5 F- A I W & 5 v
(FHKXREL > 0.9). MUMETIRAIM S, H #73E R 4B 007U X R 3356 — @ MIBERE 71,
RS B R ) R G R AR

RTINS Ry (1) AEVRMMESX, BUEFOME-12x 105, i - &
eI . (2) EEEEXWE, 20~23 NHUATEHAAE RE FTEsihe, B8 m R M
B, HHZEmES . (3) miRIXEFE, 500 hPa DL EHEMAEE >80%, 5LiiRs —.

3.2. KGN RARRE

X B TR dh PR PO AF AR W] 8 22 57 (3% ). ECMWI AT 3 /NIRRT 7™ i BEA 2L
TR RS, (HILFER R EARMG (L0 26 mm, FR(X 15.6 mm, {fiZZi& 40%), T2 %R A2 124 00
AL I AR IL 55, A RRIESIE s GRS AR UIARLGE A TR BN HER,  (H5 B85 B[R] >F )
{520 2 /NI, X GIAFRAR BRIV BGEERAI RIS G G FRIRSMERL UL 2 /N Py BRI TR R R
XHER . RS, (R 2 NG 28R, RIEE T HEBRE ROy — B A B

=

‘IEO
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Table 3. Comparison of multi-model forecast performance in high-plateau airport environments
#* 3. EEEIAIE SR TR e xTEE

R R R RERHA
; T Wk B A 40% T AL A AL 35,
ECMWF 3 h X FE7K 7= i A RUda 7 B V& X (325 26 mm vs i3 15.6 mm) S
GFS VIR 23 7 ) TR B A JE BN A 5 2 /)N 152 BV SO B 1S
. . 2/NETNANE, BRRVE X HER, " . AN S B

3.3. BRSSTEREILZ 54T

1 4 IR BRI R I RE ARG 55 T I 18] 2 AR (K 22 0 #r . BRI S . £ 27 H 18:00
RAGH) “IBERAPRSIRR 07 1, ik 7 18~20 MRS E I, (E 2275 T 2 I A5 FE AR R 5
JEMFG: BEJETE 28 H 06:00 KA TR, 27 21~24 BP¥s H LSS 6 AR AL RE X, SRR A7 FEAR Al 4
KEH, HARFHHEFESRKKEN: 228 H 23:35 KA “BEHEMIK + HR)” , SXIER)#H
JETERONHIE, W RS T SEOLE S R AR, I HLR R 10 SRR B . LRIV RS RS
PEER T FEEONFE I, TR SO BEAT 7870 (KA R

Table 4. Meteorological service warning timeline and deviation analysis

* 4. SERBSAENBLESRES T

BATE 5] EAR iz 53T
21 H18:00  IEEZRAFRAILR e 18~20 I G5 AN BB 355 T+ 2
: o [} 88 A At e K B 2 1 o LR
28 H 06:00 21~24 I 55 e R Al B R R 25 e 7K o 70 40 2 B
28 I 23:35 BEBEMR + HH) WL S J S o UK R T AR iR

4. “BNT” HEHSESRE
4.1, KEZREESH=HES

(1) AHFyE (28 H 20~23 It}):

TdbasA 2 S g N RGE A 2 (JE ) 1.5 km)

IRIEREZE OCLLN, ML E m Rt (LA L iR &30 5 4, HREE & EICT 600 K,
B 7K AHZS 80%ME 2 tH IR & AHZAS)

(2) ABURET A fih % -

VG e BRI SR A BB T

TEV) AR 2 B IR 2% At AN F € e & (CAPE > 800 J/kg)

(3) VKAHTA) B T H «

200~400 hPa JZ i A/KIA & & > 90%

UKen BRI K (R A > 0.5 g/kg)

VKARRLTAE _E TR IR (>10 m/s) A BEHE L

- AT R KR DL R T R
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Figure 4. Schematic diagram of the distribution of ice-phase water condensates at 400 hPa
[ 4. 400 hPa 7k #E7K B> Fr R B &

400 hPa JKAHKEEDIE & LL AR VIR L B (WL 4), f£ 20~02 IS S5 m, AR TEH BB, —
73 T W UGS RE v RIS AR A

42. SEEEESHSRE

(1) — et

CEHET, BT R KR E AR S5 Rt e B A - MNEMIATRCKE,
WHEGHEAL “LETA. TERE” MEERELEW: LERSZTASSEH, BIETHmEIM T
SRAAEIAEE; TR E NARRIE SR S48, S EWATRMRKRAARERR. YE& 2l
F(GnsRA 2R T AT BT A0, BRI SR A Y T B L MR ZUe T, fEA Ry Bl
SLRBEZIAHR = . FESRAEE, T8 RIKVRAE A IE IR 2 45 T g oK B oK i, IRk e A
K E R T R R . B RS, I K N B R B R

(2) ASVK i e JiL e Pl 25 A A

AR R R E S IR R TAS R S ERE MM EE AT RS, PR /KRBIETE, KK%
H7eil, B&REESRNEHNEEZES:, 51k THIRETH RS-
5. ZIERREMUER
5.1. SERMMBZSITIERAR

(1) RIZITIE: 5] NJRFELR T IA S /120 5 2 806 I X R R R L A ZE Mg 2=, 513k 1 12 2
KOs T IA S B, 1T IR R Z 20~30 3B,

(2) KEFEH: B D E/KRIEIE6.2 pm) 5 GPS KA AT FA/K E(PWV).

(3) Xhumtfu & FIE: T HIEA S A% (>45 dBz)F1 VIL (>5~10 kg/m?)i& 1E Fiidk .
5.2. ZEAERFTRAGHE

(1) ZHEARE AR
def multi_model_blending(ec, gfs, meso):# 15 & iR AL &
w_ec=1/rmse_ec_precip #EC [F/KiRZERE
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w_gfs =1/ rmse_gfs_timing # GFS i} 57 %= Z A&

w_meso = 1/ rmse_meso_cape # FRAE R IR ZE A E

(2) 4 BT i
blended_precip=(wec*ec.precip+w_gfs*gfs.precip+wmeso*meso.precip)
blended_precip /= (w_ec + w_gfs + w_meso)

return blended_precip

5.3. FIGTERLEFR

(1) WMERL G FEACHLT B 2R EAR . AR R R, PO EIER m R PR,
(2) IWZEITIE: N Kalman JE% R0 R 2S5,

(3) T fih e %A

- HUE <-10x10%s1+ FHHEE <—-0.8 Pals

- UKAHZKBIIR & HE > 0.5 g/kg (400 hPa)

-0~3 km FEEH XA > 15 m/s

6. ZitE5RE
6.1. EELS

(1) DREAR: AR VI AE X IS HE R, PUALBRAR A 25 ORI TG B B AR PR IR 2 R E & A g 4E R
SRS EU R o

(2) THENLE: RO R GE A K &R > 9006) 2 T FE S K OCHE, M4 B (L 0°C)t 2 AH
YRR

(3) HEAERIL: ZMRIEH I T, EERE IR AT S A K B 30%~40%, Z256 8457047,
HiE R A R KBRS, I FIRE >2h, 2RI TSR A G M b S A M B T 1E e S
RPUE A VG X AR R G R A IR R EAEHHRAT 77 . 1At xR % CAPE 5
PRI R, HIHAE > 300 B, —E E G L E AL

(4) Fhe . WA - BB AT IEHESESE T TS ¥F7) 22%.

6.2. RKFE

(1) BB R S %
(2) H Al BRENHY <R BT A S TRRBRRE + L (7).
(3) HCTR IR T 0V A R 7.

(4) R 2 IREEE R HT6

SE MK
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