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Abstract: Based on the aircraft icing data which were obtained from the artificial rainfall enhancement, this
paper uses the Weather Research and Forecasting Model to simulate 51 aircraft icing processes, contrasts
and analyses the prediction results of icing potential area and intensity forecasted by seven kinds of com-
monly-used icing forecasting algorithms, then utilizes the score weight integration method to establish the
ensemble forecasting model of aircraft icing intensity, and tests its forecasting effect. The results show
that (1) in forecasting an icing case that occurred in 4 April 2002, the forecasting effect of the false frost
point temperature empirical method is consistent with the actual condition but there are great differences
between the effect forecasted by the other icing algorithms and the observed condition. (2) After the sta-
tistical test for the 51 aircraft icing forecast effects, the prediction effect of the false frost point tempera-

ture empirical method is the best, whose accurate rate of icing intensity forecast is up to 72. 55% . followed
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by the RAOB method, IC index method and 1 icing index method, but that of improved IC index method is

the poorest, only 19. 61%. (3) By comparing the forecasting effects of the ensemble forecasting models es-

tablished by different icing algorithms, we find that when using IC index method, the false frost point

temperature empirical method, and RAOB method to forecast, the forecast accuracy rate is the highest,

which is 8% higher than the best forecast accuracy by a single forecasting algorithm and the false negative

rate, weak rate and strong rate can all be controlled within 10%, and the false negative rate is reduced by

4%, the strong rate is reduced by 8 %.

Key words: aircraft icing, numerical simulation, icing forecasting algorithms, score weighting method, en-

semble prediction model
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Table 1 Basic parameter settings for the model
¥ 4% (DO1) B 4% (D02)
G P2/ km 30 10
I8 221X 184 265X 232
HIE 53 B /m 10 2
(R SNy Kessler Scheme
MasBib % Betts-Miller-Janjic Scheme
B o R 27 )2
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Table 2 Icing forecasting algorithms
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LWC RS K &g kg™ 1),

Note: RH: relative humidity Cunit: %), T: temperature Cunit: C), Tq: dew point temperature (unit: C), V: flight speed (unit: 100 km « h=1),

w: vertical velocity (unit: Pa+ s~1), LWC: liquid water content (unit: g« kg=1).
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Table 3 Criterion of the RAOB method
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PUT el 25 RS Y 2002 48 4 A 4 B 10 B 5 km @& B 119 & BR UK 368 8000 A
() IC FH (DR AR SR 3k, (o B iy 1C 8805 - (DT Bk Bk
(e)RAOB %, (D 2 # 19-8D 2 , (@) SCEM(VV) i
BRI AR XM BE , BL: 005 SR R BB . A Pa o s s B R IR
B Cs A+ BB TR IR R R R & 79 FER KD
Fig. 1 Icing index distribution maps at 5 km height calculated based on the results
of model output at 10:00 BT 4 April 2002
(a) IC index, (b) false frost point temperature empirical method, (c¢) improved IC method,
(d) Ticing index method, (e) RAOB method, (f) improved-8D method, (g) SCEM (VV) method

2

(shaded area: relative humidity, unit: % ; solid lines: vertical velocity, unit; Pa+ s~2; thin dotted line: temperature,

unit: C; three “+” symbols from top to bottom represent Baiyin, Dingxi and Tianshui, respectively)
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Table 4 Aircraft icing intensity and forecasting effect assessment forecasted by the false frost

point temperature empirical method

75 Bk /4R -H FELUK i 15 FRVK L T4 45 W
1 2000-6-6 B L IR 55~ B FLUK 55~ B2 AR IK 6
2 2000-7-2 &5 KRR 35 K 55 Rk THE
3 2000-8-6 [NV AN 55 LK 55+ ALK HEH
4 2000-8-6 ST EERAVIS ToR VK HEE
5 2000-7-7 R AR 55 K 55 K HE A
6 2000-9-28 R TR M bR R B B IK HETH
7 2001-4-27 FAR 2N IR o EE BLUK R FRIK HEH
8 2001-5-26 A AT r RE Bk R R VK A
9 2001-6-17 AN e ] 55 ALK 55+ FLIK HEH
10 2002-4-4 KK EPHR 55 ALK R IK W
11 2002-4-28 FE PG IERL | AR o EE B rhEE BV T
12 2002-4-28 W ET o FR UK o B R K HE
13 2002-9-4 R4 B K AR ALK G- B RV HE
14 2005-5-15 KK T R B w2 B IK HEH
15 2000-9-25 PR BH P3¢ EERAV g5-rp i LYK i 5
16 2000-9-3 v Ny LER AV 55 Ak b
17 2000-9-4 ZAE P R 55 K JERLTK R
18 2000-9-4 [P=RNEL: ] o R Hh R R UK HEH
19 2000-9-30 i & & 74 55K 55 Rk T
20 2000-9-24 P/ TNy LEE AV ALK HE
21 2000-10-15 AU N/ 35K 55 Rk HEH
22 2001-3-21 Kk EERAVIS ep EERLK i 58
23 2001-4-22 I 5L 2200 A rhEE R 55 AR K T
24 2001-4-22 e 74 SRR AV LU HE
25 2001-5-6 EA=INW;) 35K 55 Rk W
26 2001-5-23 2R E T 55~ B FLUK 55 B2 AR T
27 2001-5-23 PG LRI E R EEEAYI 558k 6
28 2001-5-28 fan| FFK wh i FR VK i 5%
29 2001-6-11 KA P R 5591 BE R v 55 -rh B FR VK HET
30 2001-8-16 I 52 P4 L Rk EERAVI 55K T
31 2001-8-17 TR RA R 55 B AR IK SR B AR VK HE A
32 2001-8-26 [ bR R wh R B IK HE
33 2001-9-18 KB CEIM L HAR 55— B ALK 55— BE ALK HE T
34 2001-10-12 B EIM SRR EERAVIS EERARIS HEA
35 2001-10-13 [SINETIG o= 55 AR IK LR HEH
36 2002-5-1 T FRLK EERARIS HEH
37 2002-5-13 R RTE HBR EERAVIS g5-rp 8 VK i 58
38 2002-6-20 TR SR % 55K 55~ 2 AR K I 5%
39 2002-8-11 i ¥k BFK TRV K
40 2002-9-19 P RIK B 55 B AR iR
41 2002-10-29 T s P 55K Hp R K i 5
42 1999-9-13 P FFK o i FR VK I 5%
43 2000-5-7 2N VRBE ET rh R FR K - B K HEH
44 2000-5-8 FE T RIK TP 59 BE R VK 55— B ALK HE T
45 2000-5-25 SN NIIPE o RE Bk rhEE R VK T 6
46 2001-3-15 H T O R B rh EE FRLTK wh i R VK HE
47 2001-5-25 % FRK EERARIS HEH
48 2000-7-11 -t L P U EERAVIS JERRVK s 4T
49 2000-8-2 2 P R IK EERAVIS ToR VK K
50 2000-8-13 RO I E T 55 Rk 55-rh B FR VK 1 5%
51 2000-8-17 RN EERARIS - BRI i 558
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Table 5 Statistical results of the presence or absence of ice and ice accretion forecasted by

7 kinds of icing forecasting algorithms (unit: %)

Bk KA TE TR FRVK 5 B2 T4l
B 3 T 4T 2 % [LOE [ (LECES i 7
1C 48 i 98. 04 1.96 43. 14 1.96 3.92 50. 98
18 76 AT 2R 06 90. 20 9. 80 72.55 9.80 0 17.65
ek 1C $5 50k 35. 28 64.71 19. 61 64.71 1.96 13.73
T R vk 48 %k 47.06 51.94 33.33 51. 94 11.76 0
RAOB 86. 27 13.73 64.71 13.73 21.57 0
Wik 98D 88. 24 11.76
SCEM(VV) ¥ 31.37 68. 63 — — — —

T B0k R AR SR 450 5 MR iR (B HE 10 % L
TOM L RAOB % F e (19-8D 5 e it 2 58, 35
AL 10 %0 5 HoAy = b Oy 25 0 4 o o R AN AR T
50 %, IRl I f R 8 F 50 %0, Hidr, gtk 1C
F8HE A SCEM (VV) 12 U 42 % 85 & 1l 3 7 b 93
WBEIEW AT, P ER I T — AN EE R Tis
BT, B TR Y A BT 3 Ok BORg A L s X
S 12 T 114 ) B A R L TR I A I B AT B 2 AE A
—AE R 2E S X AT AR A T T A AR U R R AR
MR . 284 DL E A 1C 48 ok AR AR A0 BE &
6 35 X6 B VKA TG TR A SR B4

TE B pK iR BE T4 T 1 A R e TR FBE 28 30 vk X A
KR BE T o % e . Gk B 720 5500 HOR 2
RAOB % iy % Ry 64. 71 % ;10 1C #8501 f2L
UKAE B XF B UK R B AR Y AR R IR Z L 4 i R
43,14 % 1 33. 33 %0 U 19 1C $i5 H03 10 4 o 1 %
/N R 19.61% . BEAR L TC 48 H50k 41 10 FL VK iR
i 58 R 85w  RAOB 1 1 T B vk 45 B0 4R 14 1 559

A I T DL o B R s TR R 8 5 3 6 R b XL
FRVK A TG a8, B 70047 1) 850 2 B O, vT BB i TR AR
MIRELRIER T HEASE R E B EEIL N
FON IR T CHLM S B, X ik — 25 U B R
FRUKIRBERR T 5 EAR LW R A R B 5 ATH
FESEH A CHL KAT S A EE MR CE &5,
2014),

3 MUK B A A I A B 5

3.1 REES

il EIR G R AR A B R R E 2 R
TR X RLAR DA TG AR DA 5 B2 T4 ) o 8 R A

{FLAE J3E AR 0 et Gk B 72,5500, R T iE—2
P e R UK S 1 o % 2 R T 4R BT 1 SR AR
U AR 25 25, 2017) XoF 45 b AR K 0 41 330 0 A7 45
B, LRI T E AR 2 B0 R oK 2 R
25 UG R AR A R I R B LT L VP 4 AR AR LR O
A, 2002) F1 2 Jo Il H AL )45 . i TP AU E
B UL BAT S DT R AR B O R AR E A AR A S
It BR A S A0 AR BT R AR 5 N B8 O 5 U v
B A 2 ORI B0 T 5 R T 7 125 R 4T 4R n 14T
AR 4 R AR5 R 1Y PR T i (Barpos. 1983 it
AE.2002) o PRI » AR SORE SR FI T 230 A 4 075 ik 47
WS« 38 UG TR 5 75 S 9904 o A 230 T 3 19 4R A
.,

VIS A B 1% 1Y) G HRE s 1 B I LA R B
FEE o A 3K AR Al g ol 0 41 B0 3 %) 0 41 4 A 23 ok
o B 2, (G=1,2,-,n) FARH B CHLFLVK T
VLW R 45 2R, po 2R 5 7 15 1 TR HE
B NIAE R BT RN

(@Y

C:

— P
>
SRR TR ALy
Y =cx+cx, +eas + o+, (2)
A, Y LR CHLBUKSREE 21 sy s oo s 2, R n Fif
FRUK TR R TL W TR 45 2R . o0 FRORAE R

3.2 RESHHERSEITRESN

Xt TCHL AR oK 58 J3E B B TR AR Y 1) 2 K RIAR
AR ATARE B GE T i 45 BR UK Rk B AR vk
5t 2 ER R (% 5), I 45 & 20 (D) A I ALE R AL
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G, B ICFR UK L 55 LK, R AR vk Rn s AR K 43 5
0.1.2.3 KRR ARG KR BE(E (Y) - 2 0<UY
<C0. 5 B R TERRIK, 2 0. 5<<Y<T1. 5 B Ry 55 R vk, 2
LO<XY<T2.5 W P BERRK, 2 Y=2. 5 iy s 1
i

(1) F AR KSR 1 4 B 41 B ) 2 500 53 e
TR AOCR G 146 5

1 F 2 1-8D ¥ Fil SCEM (VV) ¥ HfE Tl %
FRUVKA TC . AN RE R AR VKR B2 . PR Ub, T 1 2R A
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Table 6 Statistical results of ice accretion forecasted by 5 kinds of icing forecasting algorithms

and integrated forecasting models (unit: %)
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Table 7 Statistical results of ice accretion forecasted by 4 Kkinds of icing forecasting algorithms

and integrated forecasting models (unit: %)
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Table 8 Statistical results of ice accretion forecasted by 3 kinds of icing forecasting algorithms

and integrated forecasting models (unit: %)
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