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Abstract

Airborne icing is a typical hazardous weather phenomenon threatening flight safety. Under the back-
ground of global warming, assessing the spatiotemporal evolution of regional icing risk is crucial for
aviation safety. This paper systematically analyzes the monthly and daily variation characteristics
of icing events, as well as the intensity, altitude, and spatial distribution patterns under different sea-
sons, based on 126 aircraft airborne icing reports from Guizhou Province between 2018 and 2025.
Simultaneously, using ERAS reanalysis data, the applicability of the IC index and the weighted aver-
age SCIP index under Guizhou’s complex terrain was verified and compared. Finally, the icing risk
in Guizhou Province was assessed based on the icing index with better comprehensive performance.
The results showed that: (1) Aircrafticing events in Guizhou mainly occurred from November to March
of the following year, with peak occurrences between 7:00~13:00 and 18:00~23:00, exhibiting a spa-
tial pattern of “dense in the central region, scattered in the north, and blank in the southwest”. The
high-risk area was concentrated at an altitude of 3~5 km above a fan-shaped area north to southeast
of Guiyang Airport. (2) Index verification showed that the weighted average SCIP index was superior
to the traditional IC index in key indicators such as AUC, TSS, F1 score, and recall rate, with an opti-
mal discrimination threshold of 0.271. (3) Icing risk was “high in winter and low in summer, high at
night and low during the day”. Spatially, northeastern Guizhou was a high-risk area, with the icing
risk at the 500 hPa layer being higher than that at the 700 hPa layer. This study clarified the histor-
ical spatiotemporal characteristics of aircraft air icing risk in Guizhou and selected applicable diag-
nostic indices, laying the foundation for subsequent quantitative risk assessment and prediction
research.
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Figure 1. Monthly (a) and daily (b) variations in the number of aircraft air icing events in Guizhou Province from 2018 to 2025
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Figure 2. Aircraft air icing distribution in Guizhou Province from 2018 to 2025: (a) Intensity and altitude distribution; (b) Altitude distri-
bution in different seasons; (c) Intensity distribution in different seasons

2.2018~2025 FHEMEXBMER[/ZHIK: (2) BEMSESH; b) FTRFEHHSEST; (o AEEVHRESH

3.3. i SERKEH=E 54

K 3 R 1 s a8 S T AR OK AR A = 22 (R A0 — 41 i) 0 Al . 4R T (14 3(a)), BUKFETEETS
o) b SR R 7 RS T RIE . PLETBILIZOG SE R TR EL “ ok ” FFS AR 25 i, e A Rk B i
BEAE 1.8~8.1 km Vi Bl A7 AE AN R SE B B UK i, TS 17 5 B AL 28 DX i T W £ SR 2 R UK B i 85%
RIBKAAEAE 3~6 km R FEIX[E], 5 2t v 2 s R A m L X A AT o Horh 3~5 km @22 K IX, H.
R UL ERUKLE IR B R WIEN R o AN, AR STBILIA AR AL 5 A 30~120 km VRN, AFFE— DA
RASIEAR A 5 km [ B2 S DL B SREERIRDK B SR X, 7T g 5 Z X IO T R0 46 THIRR U T Rk 1 v
wilt K. ERTERIRZ, 1£7.8-8.1 km R ZEH DEM™ER KR, RUERERTRGE T, Bk
RS AT SE AR XL R R . BT (B 3(b) AT AT L, s e A R AR KR AR | 2B A AR
AbE T EL. PURR A7 KA JR . SR XA TSRS UL S AR R4 120 km HOBTETE I, ARUK R
HAR HR P AR EEA O T R DR 38 S B AE  [X 32 K L ikt T 5, RR UK B g
(HARUK L 1 DR PE 2 9 B2 S LT 5 AR UK R A DX A Bl 04 DUA 4 2R Bl M 7 T RO AR DK R X A

DOI: 10.12677/aep.2026.169153 1520 N RI R Y


https://doi.org/10.12677/aep.2026.169153

Fr

HLSRE AR BRSO s A, i SN S i Al e, A2 B RS 7 m b DR LB DK 7

(a) (b)

I
5 = . * ®=MA
e e 0
- R
BE
¢ P .
#t - mE ° o
*
)Ealﬂ!“ 4 [ X5 D I
= ° .“.‘.o
) o SN
]
-

109

108
107 2

106 o (0 104 105

104 105 gz C B

107 108 109

106
24103 ZF (° B

Figure 3. Spatial distribution of aircraft air icing accumulation in Guizhou Province, 2018~2024: (a) Three-dimensional spatial distri-
bution map; (b) Two-dimensional planar distribution map
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Table 1. IC index classification table

#1.ICHEEIRE

P27 FEXHEEE (RH) RE(T)

o AR: TR T1>08 T1 <20
B R RH <80
ENE AN 5 80 <RH < 90 -20<T1<0
A AR RH>90

IBCE-E) SCIP f54, I8 AT SR AHR L (D)« A I AN 2 B () = SRR 1, it
FAKXN

SCIP =wyp Iy +wyy * Ly T, * 1, (1)
HrAt, Ire Irgs Lo 535 E—AGR[0, TTRVIEEE  AHX IR FE AN B EE 1, wris wras wo AAHRNAE, £

BB R 0.4, 0.4 F1 02, JHEEFTAE-20CE 0°C XA PN EEALE, TR TS T 70% )5
LRV, EEEE R T LTHEE (0 < 0)R IR, BI{E-0.3 Pa/s.
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Table 2. Comparison of ice accumulation index verification results
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Figure 4. ROC curves of IC index and weighted average SCIP index for identifying icing events
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Figure 5. Time variation characteristics of the SCIP index
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Figure 6. Space distribution characteristics of the SCIP index
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Figure 7. Vertical distribution characteristics of the SCIP index
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