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Abstract

Based on voice-based aircraft icing reports and ERAS reanalysis data in Southwest China from 2015 to
2020, this study classifies the circulation backgrounds associated with severe aircraft icing into four
types: cold air shear line/low vortex type, cold air type, shear line/low vortex type, and upper-level
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trough type. This classification aims to facilitate aircraft icing forecasting operations and assist air traf-
fic controllers in more effectively guiding aircraft to avoid potential icing zones in Southwest China.
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1. 5|8

ALK RIS AT h S BRI AT Z 2R —, WKL R 2 B BLE WL R I BN
WA E, . WHLRIPLER ., RBLSI BB . RHLRR .. ATABIE . e . 595 RE5E1] [2].
FRUKEEM KL RO REAE PEARINE,  IF AT REAE S ATDCR AN E 4 Ll IR B b, ™ I 2 R EC AT AR
ERMEHOE. RIEREERIZMZ 2R R SHES T, e L =TF 0 4K E d WHLARIKS]
R RAT LA RIS 803 K, RYE AN — TR A ST, fE 2003~2008 EHE], LA 380 & WHLARIKH)
FOMAR A BRSO R A (3] MORHIE TER BIARUK S T S AIVE BT . MR ARUX . BT, m e, (K
BEKRAL | = B AY e JL78 i AR DL R B A R U R U R AT 9% (4] £E R B A [N 19T #8 1000~1500
K FEARUK G R, TR #8252 UK DX AT A e S8 AR v K v B, HL AR DKo P2 th o vt 24 K, fH
HACE I J RN TR, T LA RBLAE 57 8 B I AR R UK K I TRV B[S ]0 AR SR AT FU 3R W 4 £ b T W
FIGRFEAR RN, H BT S S AR (0], MM — B DM AR Z, AWl rEs P
Bz T NI — LS A A KR ) R K IR R R B B TR R 5 I 2 B RL R A K, 1R
DARRE A RATI ], tRE S B RMLRE AR ™ ERAK, ek WrZd. HloAa K CHU oKt
FUALBR T HA B A BB TE, 0 T BB ™ B AR DK 1 I T 3 EER R S U T D,
ARSI XS 656 A WHLB KR A2 H HEL= b B R DL b i FE AR KR i Db s AT it , SRR 25 4
KRB BRI RS, IR SO I

2. AREFZE
2.1. EEANMERRERIE

AR A EEE D 2015 4 1 A~2020 48 12 A3t 6 S A7G R X 5 F s e S bl . Aia 4%
A5 RIR T WL 5 LA 35 938 15 77 X 1) e o 2 rp S S )N DA RS B, A A B Ak
AR A AU ARSI R SR R I R R E L WHLR GRS PE Al A
REMBPESEEE, I 656 NATHIM WHLARUKR S . JLaEk, BEERENT S AR g, BTk
1K o ia E W A w1 3R A A330. A320. B737 #l B747 5 R4 (R B HAH G T R LB BN S it
ML AT, IR WL R ERS A AR T ONNH, AGRIE, HEE T @ ssk R M
PUTPLRE IR, F45 A 0 20 1 SN d 1, BITUSca) i) 4 3 QR o5 A v R T SE R MBI A R 4R
HRE T HE ) RBLAR T BERE 9 3RA TR 78 78 g 14 DX LA DK I SR 3t 1 e s it i df ik i

2.2. BOHHER
ARG P WM R Bk o0 i) ECWME-ERAS fEHT 80K, LI E] 20380 1h, AR N
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0.25° % 0.25°, #E H J7 [A] 37 Jz(1000 hPa~1 hPa), ##1% 34 netCDF (Netware Communication Data Format).
3. EHRKFRSE
3.1. FERKREHRRE =G0

FEE AR VIO BT AL VAT 2 fomif K, 23 ™ H A KL AR E YEARAEYE . Tl X 656 A~ LA
UK DA H I =0 B S DA b 58 B AR KR 5 AR EAT O 2k, SR B 25 N R AR B T B AR VKR 5 R
AN FIH ECWMF-ERAS 32/ BB 50k, 4 25 AN R AR B UKIR &5 RSN T IR 5t
ZWia R, SRR, MR, UREARIRE, AT L/AGIREL(EE 1),

Table 1. Statistical classification of circulation backgrounds for severe icing reports in Southwest China (2015~2020)

5 1.2015~2020 X EFKIREIRE RS HEE

H 31 FEEAK R EAUK ERK e BEK M 5t
2017.12.07 3 1 1 2100~3900 it
2018.01.01 2 0 2 4800~7800 e A A
2018.01.03 2 0 1 2400~3300 it
2018.12.30 3 0 0 3000 1A L
2019.01.01 4 0 0 2400~2700 Mt
2019.01.03 3 0 2 2700 iKY
2019.01.09 6 0 0 1800~2700 R A
2019.01.10 2 0 2 3000 V1A LR
2019.01.12 4 0 0 2100 RSB
2019.01.14 5 0 0 3000 WS YIARLT
2019.01.18 2 1 1 2400 B RYEEA
2019.01.20 2 1 0 2700 it
2019.02.17 3 2 3 2400 RS AR
2019.11.30 2 0 1 3600 BRI EAY
2019.12.24 2 2 2 2700 st
2020.01.09 3 0 0 2700 PRSI
2020.01.15 4 2 1 2700 PR
2020.01.17 1 1 1 2600 it
2020.01.18 4 1 5 2400 BRI LH
2020.01.20 6 0 6 2700 YIAr 2 7Y
2020.01.23 3 0 8 3000 it
2020.01.26 1 1 2 3000 WM
2020.01.27 3 0 1 2700 it
2020.11.22 3 0 3 4200 B ERYNIRL
2020.11.27 1 1 2 3000 P A

3.2. AESYITL/RRE
iR HL X 2015~2020 FE[0)HAE 7 RE T [V ZBLACIRAL ™ BN, WEFELZTR 11 A, 1
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RIF R,

A2 A, W &EELE 2100 KZE 4200 K20, FEFHAGT CHLEL 0 X AT Bk T s it b
B X —Fr B AT R 2 SR R MR . LR R EIX 7 IR E ARV #4532 202 700 hPa &
850 hPa Z [A]¥4 2 SNR AN LA V) R 2k /4 A 5 e A

PL2020 4F 1 H 18 H 13 B 35 4r(Abatifim, TE, B DI E P KHRE AF], 7E 500 hPa &%
K B X R PR 5, REH XA A TR ERA R Z R, PAbE R c T
PEARFINE LR, P SR AE 7 e J5 P R 20T R e, A 1 i e X 52 5 9 e i 2 3 O 7 i s ), AR
1B R A A1

700 hPa 5 850 hPa 37 7 e th [X AR Ik 77 ) A 3 35 A b AIm 5 1 548 23 A 1 520 7 g M X R BB, HL
76 )i XA SHR K, BIFE 90%LA L, 7E 700 hPa 1Y )1| 733 %5 2 J (X dsk A & 3 X A 450k - P Rg 1A
DIk, FRUK AN EZ YR m, P AR R ENER LFHES) . M A S EAR D IR
JEERHENZE P, HEAN DY 1] 25 b P 52 94 1 R T e 4 1

X —RINREE T, &)= 500 hPa JCRF LW R TR, Ml P RERR S ERHE, HEER
FHXTIRE, [FIEF 700 hPa 8% 850 hPa LU LEFL A4 B ANR M, ZEBRAs R, FNAEEH
(iR BEVE I, 2 o AR K W EH, 4 R WAE = R ATI AR & P2 AR R, ) ) AT B L 3
AT Re s I RAT sE MR B R o B K DL AR BERR UK

e

Figure 1. Circulation patterns at 500 hPa (a), 700 hPa (b), 850 hPa (c) and surface pressure field (d) at 13:00 on 18 January 2020 (The
black solid lines, red dashed lines, green shadings, and wind barbs in panels (a), (b), and (c) represent geopotential height, temperature,
relative humidity, and wind field, respectively; the black dots in panel (b) denote the locations of icing occurrences; the black solid
lines in panel (d) indicate surface pressure)

1.2020 4£ 1 A 18 H 13 B 500 hPa (a). 700 hPa (b)\ 850 hPa (c)¥RILE KME S EF() (Bl(a). (b). ()P BESLL, 4O
BEL. REMRE. NEFSFAVESE. BE. EHXNEE. X7, Bo)PECSRRIRAKLENE, BO)PEEEIELEA
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33. AESE

2015~2020 4 (A P g X 25 B89 P 8RR oK i, s SRR I T 9 ik, LS EARIK
I 36%, £ 7E R X H LA S SRS R S 0 AU R K. BL 2017 4 12 7 H 19 B
13 50 RA — U AR VKR & B, T CHLEE AT TR & IR 23 2100~3900 2K (133 X 35k 3 & AR
TR ERRE AR K . & 2 kA EAR VKA KSR IAE S, 500 hPa - 7EFR R 88 va AL i A AR db b X
RS AR, BEREE TR, A REA PR TG REHhX 45 . 700 hPa fil 850 hPa
PG AL X AR 28 75 R X AR R 2 AL i, 51 SR FNR I, 5 g A g RE e <
I, PR IR . X RIS A SR AR A BN, (H R A 2w R A R ) B
HEAR S, UABRSERZIC N E, EREH NI RS,

BV B AR &R ETE 3000 KRR B, IEALT 700 hPa 245 [FIJZK, 7E 700 hPa | 0C4&RZ
Z R )RS AL, FRUKIR A ML AL T4 C E-8°C 2 Ia], HARUKIR A A AR BEELE 90% L b,
V1R A %o Y T A5 35 224 (0 P8 VG Rk & 7 = IR R A 0K, AT 5 80™ B R K i R 2

0oy 1000Pa

110°E 115°E

Figure 2. Circulation patterns at 500 hPa (a), 700 hPa (b), 850 hPa (c) and surface pressure field (d) at 19:00 on 7 December 2017 (The
black lines with arrows indicate significant cold advection; other legends are the same as in Figure 1)

2.2017 4 12 B 7 B 19 B 500 hPa (a). 700 hPa (b). 850 hPa ()M RMESEA(J) (BEHELELZHNEELSTR,
HAREBFIEE 1)

34. YITL/(RRE

IS LM R 5 5 19 KUK IR 35 3 2 U BLZE 700 hPa 5% 850 hPa {1 PE R HLIX 41 A0E 1%
SRS . E 25 YCBOAT I CHLBIKIR S R R, ST 8 K, AMBIFE 11
12 A#IIL LK, 751 AT 6 K.
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Wi 3 fras, BL2019 4 1 H 3 H 21 BF 56 43y BEAR UK & N, £E 500 hPa bR 24 dbth X 52
ARAGA IS, P AL XA — 550, EHE RS R R R S R R AR, BN R X2k E
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HEHX . 850 hPa FFRUK s o7 T-48 & J5 0, 1% s Ak T AR FE BRI AR X35, IR FEAE—4°C~—8°C 2 I,
BRI TRRUKEITE . ARVK AT A T R 5 B 138 e 3 o D1 2R AKIR BRI E 35 22 =12 500 hPa
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Figure 3. Circulation patterns at 500 hPa (a), 700 hPa (b), 850 hPa (c) and surface pressure field (d) at 21:00 on 3 January 2019 (The
blue lines with arrows indicate the jet stream; other legends are the same as in Figure 1)

& 3.2019 % 1 A 3 H 21 B 500 hPa (a). 700 hPa (b). 850 hPa ()R B RIMESES(D) (EBFELLEZFARR, HEE
BRI 1)

35 ST ER

o S FE AR P R L X 25 AN EAR VKR 5 A A B — IR, TIFE 2015~2020 4E (8] 656 ¥R KHLAIKIR
Ao, TR S RIS LG 81 Wk, HAUKIR A = EEAE 4000~4500 K & LA E, oA DU A
SRR N, BEARBIVKGREE AR K, (EH R A B, BLE IR R BN 12.3%, HiE S iR kiR s
() 58 IR AESE ZFFHLIX, Rl B X LA VK FE 22 s s A S i i oK. L2018 4F 1 A 1 H 15 B 37
I3 KL IR U™ EAR UK E ], HLAR S A 4800 K, 0 B AESE ML, Rk ™ AR VKR &5 PR
U 4 FroR, 18 200 hPa bR A8 ATA — ARILR BTS2 S0, BUKEAL T 20i4iil. 500 hPa b rgsCig
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Figure 4. Circulation patterns at 200 hPa (a), 500 hPa (b), 700 hPa (c), 850 hPa (d) and surface pressure field (¢) at 23:00 on
1 January 2018 (The brown lines with arrows indicate the jet stream; other legends are the same as in Figure 1)
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4. BER5VHE

(1) REZHG=ERUKIRE HIAE 11 A& 2 AR, HeRERKIRE HBE 1 A R, e
B PRI S B 72%, 2 A, ACHIL—, o™ B A KIR S R 4%

(2) Hrhm R R AR D, A — IR, A 2SS B I 9 Wk, 7 B LR VKA 36%,
PIBRMRIR RS I 8 Yk, 5 BLE ™ RHLBKAN B 32%, B2 UIAR AR BL 7 W, o 3 e ™
KPR 28%, Hd5 90%LA 1, R IITE PG g h X A 23S 8 DAL MR B RIS 2= S D) AR 26
MR BRI S5 1) 7™ B AR MR R AR
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