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Study on the Forecasting Method and Application Scenario of Aircraft Icing

ZHOU Xingxu LI Yunying ZHANG Chao

College of Meteorology and Oceanography, National University of Defense Technology, Changsha 410073

Abstract: In this paper, based on two commonly used aircraft icing diagnostic indices and ERAS5 reanalysis
data as the atmospheric environmental field for icing occurrence, an aircraft icing diagnosis and forecasting
method is constructed and hindcast for 25 collected spring icing cases over Eastern China. The spatial and
temporal distribution characteristics of aircraft icing occurrence over typical cities at different latitudes in
China are calculated separately, and the spatial and temporal distribution of icing areas over Xinchang,
Zhejiang Province during one cold air activity case is simulated. In addition, several application scenarios of
aircraft icing forecasting methods are proposed. The results indicate that among the selected icing cases,
the diagnosis accuracy of icing index (IC) method is 80% , while that of the false frost point temperature
empirical (TF) method is 92%. The effects of aircraft flight speed and power warming are taken into ac-
count by TF method, which has better correlation with ice water particle concentration and cloud cover in
medium and low clouds, but the predicted icing intensity is not accurate enough without the real flight
speed of the aircraft, and there are more false forecasts of icing intensity above 400 hPa altitude. In general,
both the IC and TF methods can effectively diagnose the icing-prone altitude layer and the icing-prone
time, and can effectively forecast the distribution of high-altitude ice accumulation intensity at a certain
station. In addition, the TF method can calculate the icing critical flight speed of the aircraft.
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Table 1 Criteria of icing index method (hereinafter reffered to as IC method)
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Table 2 Criteria of false frost point temperature empirical method

(hereinafter reffered to as TF method)
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Table 3 Verification of 25 individual cases of ice accumulation

A RREE/m RS IC $5 40k Bl
1 2013.2.6,00:30 iz 8 800 BEERK R RLIK 1% B ALK
2 2013.2.6,01:30 B737 800 BEERUK % B TRk 1% B BUK
3 2013.2.7,00:00 B737 800 R vk g FH vk Rk
4 2013.2.7,11:00 B737 800 % i R UK o EE R UK o EE R vk
5 2013. 2.8,02:00 B737 3000 TR K BRI 1% R FLvk
6 2013.2.8.02:00 B737 5500 B EEBUK Te Rk rh B2 BLK
7 2013. 2. 8,09:00 B737 3000 % BRI B EERIK B EERIK
8 2013. 2. 8,09:00 B737 1500 BEEFK B REERIK B IK
9 2013. 2.8,09:00 B737 800 TR K H R YK Hp LTk
10 2013.2.18,02:30 B737 7000 7B RK To Rk S BLK
11 2013.2.18,02:30 B737 9000 LAY TRk AT
12 2013.2.18.02:30 B737 3000 Tk TEFVK TRV
13 2013.2.18,02:30 B737 1500 ToRLk Tk JTo R
14 2013.2.18,08:00 B737 1500 %R 1% i UK % g FHUK
15 2013. 2. 18,0800 B737 800 8 BRIk Je ALK B IK
16 2013.2.18,11:00 B737 1500 % B K B EERIK B REERIK
17 2013.2.18,11:00 B737 800 BRI 1R Rk 1% B BUK
18 2013.2.19,03:00 B737 3000 % BRI 4% BEFRIK 1% FE K
19 2013.2.19,04,30 B737 5500 JCRK Te Bk ALK
20 2013.3.1,02:00 A320 5500 TRk TRk JoH
21 2013.3.1,02:00 A320 3000 BB BB EERK 2Rk
22 2013.3.1,02:00 A320 1500 ERJERARUN TRk R IK
23 2013. 3. 20,1200 B 76 800 BEERIK % B RLK B REERIK
24 2013. 3. 28,02:00 iz 8 5500 R K Ta LUK 7% Bk
25 2013. 3. 28,0200 iz 8 3000 TERTK To Rk ToBUK
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Fig. 1

Simulated distribution of ice accumulation intensity by (a) IC method and

(b) TF method at 700 hPa at 09 UTC 8 February 2013
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Fig. 2 Simulated distribution of ice accumulation intensity by (a) IC method and

(b) TF method at 850 hPa at 09 UTC 8 February 2013
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Fig. 3 Distribution of ice intensity over Eastern China calculated by IC method
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Fig. 4 Distribution of ice intensity over Eastern China calculated by TF method
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Fig. 5 Forecasted spatio-temporal distribution of aircraft ice accumulation by

(a) IC method and (b) TF method in Xinchang on 1 March 2013
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Fig. 6 Spatio-temporal distribution of (a) cloud ice water content (shaded, unit: 10 ° kg *+ kg™ ') and
(b) cloud liquid water content (shaded, unit: 10" * kg *« kg™ ') in Xinchang 1 March 2013
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Fig. 7 (a) Medium and low cloud cover and
(b) total cloud ice (liquid) water content in

Xinchang on 1 March 2013
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Fig. 8 Forecasted probability of ice accumulation in March at each altitude level at

four stations from 2012 to 2021 by (a) IC method and (b) TF method
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