Climate Change Research Letters S{ZZS LT HR, 2023, 12(3), 502-513 Hans Y
Published Online May 2023 in Hans. https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2023.123052

E T ICHEHR P E CHLIERKET S L RHIER
HE5XSHRAXEHR

AET, R @Y, R & BER, T=K1

"E R R, W K
2o B N AR ZE94582BN , TR 5 H
‘HBEXSRE, Him g

Ao N AR ZE 9376230 BN , db

ks H . 20234F4H19H; FHHEM: 20234F5sH19H; &4 HM: 20234F5H26H

H E

AR AR —ARRIE SR EHERAS), ETICIHEHIF T REFRE CHBRIKN ZRRAE, FFE—
BT ERSVER T HERSHRGHNERR. SRRH: £FREWIBKE700 hPaFEEH
BEZE, ZEAMERBBORNOMRER, BEFERIVEERK, R ERKES5HE )R
FXH, RUKHBR L 7 WEERITRR . XA RUKBERHTEOF 2RI Z R R, F—HEEU
BUNAAEFIERE 4G, I HMEAENEIERERRERFEML. B ESNRBR T RERR
HARVKERE N —Bm D EUR R, HHEFBERN3SFENELLNFERRIIHME. ARSI RS
WREHFAEARER. PR ERILERRAN, RE LZFERSRASURSIERNR, EidfmK
RHDE TR WAL KIS &, WS BKER . LBKER RN — BB AN, RERI
PAZRANFE L AT i) B e R PR RSy, B 7E T AT 2 1] A a3 X PR B — B A P (B A AL S e
BRIE(RTR)ZHEARE HEHXIR, TSR HRKER.

K217
KA, ICTeE, KREIFR

Spatial and Temporal Variation
Characteristics of Chinese Aircraft Icing
Based on IC Index and Its Relationship with
the Atmospheric Circulation

(=
PR

XEFIF: MVE, Sk, B, BRAE, TR BT I S5 T E TKHLRUKE AR ERIE RS R R[]
SAERASAL I 5 R, 2023, 12(3): 502-513. DOI: 10.12677/ccrl.2023.123052


https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2023.123052
https://doi.org/10.12677/ccrl.2023.123052
https://www.hanspub.org/

FLE 2%

Yang Du'2*, Chao Zhang!¥, Xin Li!, Xiuzhong Chen3, Sanqing Wang*

'College of Meteorology and Oceanography, National University of Defense Technology, Changsha Hunan
2Unit 94582 of People’s Liberation Army of China, Xinyang Henan

*The Southern Xinjiang Military Region, Kashi Xinjiang

*Unit 93762 of People’s Liberation Army of China, Beijing

Received: Apr. 19th, 2023; accepted: May 19th, 2023; published: May 26”‘, 2023

Abstract

In this paper, the latest generation of atmospheric reanalysis data (ERAS5) is used to study the
temporal and spatial variation characteristics of aircraft icing in eastern China based on IC index,
and its intrinsic relationship with the atmospheric circulation field is further explained through
synthetic analysis. The results show that aircraft icing in China in winter is more significant at the
altitude layer of 700 hPa, and the spatial distribution shows strong regional differences, the inten-
sity is mainly manifested as mild ice accumulation, moderate aircraft icing is concentrated in the
Sichuan-Chongqing junction area, and the place with the largest number of aircraft icing days ap-
pears in the Yangtze River Basin. The results of EOF decomposition of the monthly aircraft icing
probability show that the first mode is distributed in a north-south dipole type bounded by 31°N,
showing interannual and decadal changes in quasi-4 years and quasi-13 years. The second mode
reflects the small or large consistency of ice accumulation probability in central and eastern China,
and has significant interannual variation characteristics of about 3.5 years and 6 years. There are
obvious differences in the atmospheric circulation situation corresponding to different modes.
When the ice probability is a north-south dipole type, the cyclonic or anticyclonic circulation ex-
isting over China affects the water vapor conditions on the north and south sides by affecting the
water vapor transport process, thereby changing the probability of ice accumulation. When the ice
probability is manifested as a uniform variation, there is an opposite circulation situation in the
sky east of northeast and west of northwest China, and warm and humid (or dry cold) air is trans-
ported into the central region of China by forming a consistent southerly (or northerly) air flow in
the transition zone between them, thereby changing its ice accumulation probability.
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RHBUKRIRE WFE . 5. WElGHRZEN, £ WL R EBUKZ IR [1]. BPUKILR
AMUCRAEAE RO RMER, BRSNS SR HIE a4 I Al e A% B S5 ot #0
FIRERA, SR T RHLAOBRERSE T R TR RE SR R G055, X KL 2 Anid il 1 ™ S EUH[2] [3] [4].
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R, 1C FeEEAEAT WK 7 TH, B Bm ER R [10] [11] [12]. KA FEE R
F1C F8 802 78 RHLBK .

AN, DU RO FCE 2 ey KL UK, T K HLRR oK K B B S A TR AR RRE A 7 8D, X RAL
FRUKK IR R I Z IR ANGAR . FFsg b, RHURRUKZKIR . IR EREE M, mRE X 5
KRS IREARN S KRR SR A B R R [13] [14] [15]. ASCHET IC #8500 MR EE Xk &
HURA UK BB 25 404 S AR, R T KWK S KA AEE TR R, DU BT €
WK EIAR, $RTF CAUBIUK TR AERf R, It — D a o i = S R AR PR
2. BI_ESRHE
2.1. ¥R

AL AR FH R o R A TR O (ECMWER) A 1) ERAD A BRZ 45 FE WRS F 4 BT BERH[16], B FE
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R T 32 B [ SRS o O Fn 32 [ [ R KA 7T 0 (NCEP/NCAR) B A i ] F 4 BRSP4 BT 5%
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Table 1. IC Index and Ice Intensity Comparison Table
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3. FHRE CHRKHIET 2T ILHHE

1 24 1980~2020 4= A& ZE4f [V 3411 1C FE (B a) IFRUK A2 (] b) 7 Al v, IC FREE 20
TAAE 400 hPa LR, HLBEE LR m, KAEFRUKI & EAR . X F B BB = BT s
RABSERR, SRR T—40°CR, KA KE SRR ERD, Wi AR . 5358, 1IC 48
HOEAHAE 50 LR, RHCNEERIK, XRFEERZF MRS T HEUERK. WA 1a)Hic
ATLLE H 1C Fa U K IX 3 ILAE 28°N~36°N [z (1) 700 hPa =% 2 . [ 1(b) AFR[E 4R 4i 17 F IR UK
R E A, AT S T E YR VK2 K AL B #8E H 7E 500 hPa LA R, FRUKHEZR 5 K Alik 0.5
DL b, FEHIAE 28°N~36°N . [1] 700~600 hPa 5% JZ PA & 44°N~54°N ] 850 hPa DL . 5 IC 1854 1f
AEABL,  AROKAERE 4 23 At RIS FROK R B SRR 3, BIB A o B 2 PR AR 2 B 1 s, FROKME 2R 1287 3
Ko LRELRRTE IC HRECRIARVKME R nT 1, FRIE A AR VK AR 48 700 hPa = 5 2P, i4h, BT
WEMT G AE AR E IS, H PG X 32 & K s ok, Bk, 78 J5 2250 2 AR R
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Figure 1. Winter (DJF) 1980 to 2020 Zonal average (72°E~136°E) (a) IC Index and (b) Ice Probability
[ 1. 1980~2020 &2 (DJF) & [E1F15(72°E~136°E)AY(a) I1C 35 #H0(b)FR k2

2 24 1980~2020 £ & ZRFR[E Z: 3 700 hPa 2 H=~F34 (1) 1C 8 BRI AR UK MR 1 25 8] o0 AT Bl AT L HY
AR EA VK EZLEPLE 26°N~36°N Z [ AR P Ar R IX 4k, ARORAE HBLE DY )1 25t 7EUBIX 3N AT 5
FEAEF R (E 2(a)). FRUVKHERAR THF X R A WK EE S, 5 1C 85U 2stl, &%
700 hPa = % FAVKHE 2t 2 I AR 3 A . 75 40°N BAALAT 25°N PARg 3R E X 38, FUKMER/NT 0.1, &
ANEILIX Sk N AR UK H 808D . FEFRE DY N2 Z0% DA R KV LA (28°N~36°N) L A v, FRUK A 261
KT 40%. AR HHIAEDY )1 AL A0 B R4 M, FRUK R T 60%, HZF] 70%LL b CHIAELLIX A
AT TEEAVK AT RE PR, T VR A ALK T 577 AN S UK it

R T BT CHLEOK B 23 AR REAE, R EOF 20 M 5 A5 FR I AR 56 X 38 (104°E~124°E.
19°N~41°N) 40 £E 4 Z=FUUKMER AT 70 Mt o 151 3(a) R 3(c) 2l ] - 3 KATLRRUK EOF Z3- i 3 — s
)25 () 43 AT AUAR B BRI (8] REUF 51 PTLAE B, AZRRE R CHLAR VKR 1 2 1) 23 A 52 30 AL B il 28
oA, K7 ETTRRERIAR] T 42.0%. M 3(c)idnT ABA 2 E IR E AR A2 CHLADK I B[R] R A 2 I
10 LA IAEAC R AL R AE, B 1985~1993 4F. 1998~2005 4F K 2016~2020 4F, INf[a] Z¥C A, 1985 4F
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Figure 2. The average (a) IC index and (b) ice probability of 700 hPa for many years (1980~2020) in the central and eastern
regions of China in winter
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Figure 3. (a) The first mode of the ice probability of winter in the central and eastern regions of China and its (c) time coef-
ficients; (b) and (d) are the same as (a) and (b), but are second modes (solid blue lines in (c) and (d) are multi-year moving

averages)
3. (HE T FBXEEFRKFRNE RS R E (MBI ZRE; (b)F(d)E(@)F(b), 1EHE ZRZS((C)F(d)FIE
LR FRNTY)

DAFT. 1994~1997 4E % 2006~2016 4EIH 8] RN IE . X FALE 1985~1993 4F . 1998~2005 4E % 2016~2020
H, RERMHXAE 31°N UL IEFR KRR K. 31°N LR XA VKAE SRR/, TE 1985 4ELLRT
1994~1997 4 J 2006~2016 &, 1HMAH. FoL, WFEED, 55— HEREILFNFO R EFAE R S5
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1987 FLAHI. 1991~1993 4, 2006~2015 FXR I AFFEAmM K IIE R, 45658 A I 23 18] 73 A0 R IE,
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AU 1991~1993 4. 2006~2015 FRINFVKIEZI o T3 ok, M RS I [a] R AU Dy 2638 (1] 4(b)) T
VAEH, ZFVIAEAE 3.5 4EM 6 4E 4247 (1) BB bRk % A .
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Figure 4. (a) first modal time series and (b) second time series power spectrum of EOF decomposition of aircraft ice accu-
mulation probability EOF in winter 1980~2020 (horizontal axis is period: year; The vertical axis is the variance; Solid black
line: variance; Blue and green dashed lines: 0.9, 0.95 confidence lines; Red dashed line: red noise)

4. 1980~2020 F & Z YHAKEZ EOF RN (a) 5B —1E7SHTIE] FF 51IFN(b) 55 —BTiB] R 5 ITh g (a0 B A . 4
PHAFHE; BXLk: HE; . REEZL: 09, 095 BEEEL; AEL%: OEH)

4. EFRHNBUKREREILERBEEUSKSHRAXER

KHURRUK A Z AR 5 R RPPIRESE H VIR, O 1k — 5 B RSN 2R 0t o [ R 350 KL
FUKMEZ I5Em,  DAASFIREES (1 B 8] SR BB O AR AT & AT

T SRR R AR X AR UK 22 5 — RS IO TR PP 4, DL 1 RS bR 22 A A TRk th e IGTR B
RUES, Z0H 9 M 7 4. mfa U MR E AR UK B IEAL gy s (a A B, R EH RS I HiIX
FRUKMEZ 1S K . 4] 5 24 500 hPa 1 85 hPa fir % =1 FE i & BB« "KHLAR VKR 2y 1E b 67 Y 23 A Bf, 500 hPa
7E 50°N LAAE DUNZR I AVE X 37 IR A 3 FE e, Hed A 3-(60°N, 80°E) i, £ 50°N LAF Y [X 42k
RIS R R, U B R PO E (35N, TOE) T AI(35°N, 135°E) ML i H A< g, H#B
L T 95% % E MR ER (1] 5(a)). 7 850 hPa b, A3 vm & XA 5 500 hPa AHAL, SILHIAH 4 IE
FERZER, (B TR R AT (] 5(c))s 24 WL UK R v b IEBY 0 AR, 500 hPa 134 =i 537 &,
E DUINJR M CARS XA IE AL 38 i R, S rp 62 T-(45°N, 120°E)Fffic, H#GE 7 959%.8 & VA
5o (Kl 5(b)). [RIFERY, 7E 850 hPa A i i 7% (B35 5 500 hPa AHML, S ILHAR Y IE K251, H
HomH o B 55 (18 5(d)).
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Figure 5. Potential height field synthesized by high and low index in the second mode of aircraft ice probability in winter in

China in 1980~2020 (unit: dagpm). (a) is a 500 hPa potential height field synthesized in a high exponential year; (b) is a 500

hPa potential height field synthesized in a low exponential year; (c) and (d) are the same as (a) and (b), but are 850 hPa po-
tential height fields

5.1980~2020 EFHE L E XM RE A TS RIERESBRNIBSER(BLL: dagpm). ()RSEHBES
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Figure 6. The 500 hPa and 850 hPa wind fields synthesized annually under the first mode of aircraft ice probability in winter

in China in 1980~2020 (unit: m/s). (a) is 500 hPa wind farms with high index years; (b) is 500 hPa wind farm with low index
year; (c) is 850 hPa wind farm with high index year; (d) is 850 hPa wind farm with low index year

6. 1980~2020 FHE L FEIMIVKEEE RS TSR HES KA 500 hPa. 850 hPa KUIAH(EL: m/s). (a)AE
FEHI4F 500 hPa XUi7; (b) A1R$E%4E 500 hPa Xi%; () AStaHi4F 850 hPa XUi7; (d)79{RIE%4F 850 hPa Xi%
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Figure 7. Composite distributions of vertically integrated water vapor flux anomaly (arrows; units: gms™) from 1000 hPa to
300 hPa and its divergence (shaded; units: gm™s™) in (a) high and (b) low index winters in China during 1980~2020
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Figure 8. Same as Figure 5, but the result of the second modal synthesis
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Figure 9. Same as Figure 6, but the result of the second modal synthesis
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Figure 10. Same as Figure 7, but the result of the second modal synthesis
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