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Fig. 1

Distribution of icing cases from 2014 to 2017 provided by

Beijing Weather Modification Office
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Fig. 2 Distribution of icing cases(a) and non-icing cases(b) from

2016 national pilot reports(PIREPs)
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Fig. 3 Sample size of icing cases in each

temperature interval

0.8

0.6 -

B

0. 0 | | | | |
-35 =30 -25 20 -—15 ~-10 -5 0 5
i/ C

4 AR S R AR
Fig.4 Membership function

of temperature(T,,,)

ALY SRR B e B IR T T v AR A K
A7 AE B Al BEPE 2Z 18] A9 A Sk 2R — 8~ —4°C
I Ty I8 B (L 0% 25 20 58 R AL T 1% iR IXC 1]
I e ¥ J0B A KA AE )R] R B e 5 7% DX ) 22
Bl R ARG 5 s K P 8 oK B M T e i
V2 A AS KA AE Y AT RE P 728 3 AR AE s 73 X ] A )
AT T TRHLR A TR L 4 AR v R S K



%5 It JRAE T BRI AR I RHLB KT 4 %K 623

FAE 1Y AT RE P T IR
2.2.2  AHXIIREE AR L R AL R, B E

AR M AT A A X ) S R e . AL 0~
10026 181K 506 - JL B 20 A AH X BE X I L AR 416 L
HNFEID 372 A BLKAS % B AR X8 L G2t 4
DX 8] 2 5 1) LKA iR AR i (L 5)

180

150

120

90

BRUKA Bk A i

60

30

0 100 20 30 40 50 60 70 80
ARRHEEE /%

90 100

5 2% X B X I Xof vy BR vk A 41
Fig. 5 Sample size of icing cases in each

relative humidity interval
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Table 2 Screening results

ki ke HE V inay Shmap e/ % W/ % HE %/ U %/ %
V. 76.79 12.50 10.71 51.61
1,0 Vi 75. 00 12.50 12.50 51.61
V. 76. 79 8.93 14. 29 64.52
v S, 76. 79 12.50 10.71 15.16
‘ S, 76.79 12.50 10.71 48.39
08,09 v, S, 75. 00 12.50 12.50 45.16
S, 75. 00 12.50 12.50 48.39
v S 76. 79 8.93 14. 29 58.06
¢ Si 76.79 8.93 14. 29 64.52
v S 78.57 12.50 8.93 41. 94
¢ Sy 82. 14 8.93 8.93 48.39
06 04 v, S 76.79 12.50 10.71 41.94
Sy 80. 36 8.93 10. 71 48.39
S 78.57 8.93 12.50 45.16
Ve Sh 80. 36 7.14 12.50 48. 39
v S 78.57 12.50 8.93 38.71
! S 82. 14 8.93 8.93 45.16
5o v, S 76. 79 12.50 10.71 38.71
Si 80. 36 8.93 10.71 15.16
v S 78.57 8.93 12.50 38.71
¢ Sy, 80. 36 7.14 12.50 45.16
S 76. 79 12.50 10.71 38.71
Vi Sh 80. 36 8.93 10.71 45.16
S 76.79 12.50 10. 71 38.71
0.4, 0.6 Vi
S, 80. 36 8.93 10.71 45.16
S 78.57 8.93 12.50 38.71
Ve S 80. 36 7.14 12.50 45.16
S, 78.57 12.50 8.93 38.71
Ve Sh, 82. 14 8.93 8.93 45.16
02 08 v, S 78.57 12.50 8.93 38.71
S, 82.14 8.93 8.93 15.16
S, 78.57 10. 71 10. 71 38.71
Ve Sy, 82. 14 7.14 10. 71 45.16
0 S 75. 00 16.07 8.93 38.71
Si 80. 36 10. 71 8.93 15.16




626 VA

%30 &

(S BEFE Sy B M E RIS £y =0. 6.k, =
0. AP 2H & I, FRUKFE B T, %8 B vk S 4 1 340 531) o
R ) e i L U A1 SR R e 3 (] I ok B AR AL () i
o R L A e o PR R T i 40 O SO S Bk A
BT, 3 BUKER 1 ) A BOR Fe

i b ik BRUKSR B I, mit BRI H
DAL AR X 38 38 1 0 i A5 AR A SR T e S
(T oy T R ) T 545 1 200 465 B UK AT BE AR (L) 5 45 90)
G BRI REME D 0L IR UKEE R 1, D9 00 XF TR0 4R B
UKATREPER T O A1 D MR 08 T T 114 40 ) filE
IO 2 325 X SR S FE BRIV, i Sy ) VL T L E
Az 83 T W AR AR UK AT BEPE 52 ) » e 2845t BR K4
Bl x4 E 30 AR HIAEAF 25 ER
UKASBIREAS 1 73 # »  7E T 38 3 WAL EE R 5 &y =
0. 6, I W& IR & BT R HL £, =0. 4.

AR 13 T7 15 AT R Bk AR B 1, T LA
BRAE—E TR AT WHLE R o kA Bk B 4
FIRTRETE . AHUKIR K I, B9 i 345 R S ROk AT BE 4
RONEIXE R SE R WF 3 FiR .

®3 RkKIEH I KIE XS R AYFR 0K AT BE
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Abstract

Aircraft icing, a cumulative hazard, is one of the major weather hazards affecting aviation. It reduces
aircraft efficiency by increasing weight, reducing lift, decreasing thrust, and increasing drag. Icing also se-
riously impairs aircraft engine performance and causes false indication on flight instruments, loss of radio
communications and failures of control panel, brakes, and landing gear. Therefore, the prediction of air-
craft icing is one of the key research focuses.

In order to establish an aircraft icing potential index with more reasonable threshold and easy to a-
dopt, 372 aircraft icing cases and corresponding observation data from 2014 to 2017 provided by Beijing
Weather Modification Office are analyzed based on fuzzy logical principles. The membership function of
temperature and relative humidity derived from those data analysis is used to calculate the initial possibility
of icing. On this basis, the membership function representing the influence of vertical velocity and
cloudiness on the initial possibility of icing is determined using the national pilot reports (PIREPs) in 2016
and corresponding ERA5 reanalysis data to screen different forms of membership functions. Based on
membership functions of temperature, relative humidity, vertical velocity and cloudiness, the icing poten-
tial index (I,) can be calculated by using output from numerical weather prediction model.

According to ERAS reanalysis data, 61 icing cases and 45 non-icing cases are used to test the effective-
ness of I,. Results show that the accuracy, missing alarm rate and false alarm rate of I, are 80.2%., 9.4%
and 10.4%. Compared with the commonly used icing index (I.), the accuracy of I, is better, the missing
alarm and false alarm reduce significantly. However, it should be noted that the difference between aircraft
type and flight speed of different aircraft icing cases in this study is not discussed, and it is assumed that
effects of vertical velocity and cloud cover on the initial possibility of icing are independent, which need
further study.

In summary. the established icing potential index (I,) based on fuzzy logical principles is efficient and
feasible, and provides information for pilots to avoid high-risk areas of icing in the air. Combining with the
regional numerical weather prediction model, it can output the possibility of icing in certain areas under

certain meteorological conditions and provide reference for pilots to avoid high-risk areas of icing in the air.
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