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Abstract Aircraft icing poses a serious threat to flight safety. To better understand the
meteorological conditions and cloud microphysical characteristics of aircraft icing,
and to find the relationship between icing and the threshold of macro meteorological
conditions, this study used aircraft observation data, combined with radar and ERAS
reanalysis data from the European Centre for Medium-Range Weather Forecasts, to
analyze the weather conditions and cloud microphysical processes of a severe aircraft
icing event in central and eastern Henan Province on December 10, 2018. The
intensity of the icing event was also assessed. This icing event was caused by the
combined effects of an upper-level trough, low-level shear, and surface cold high
pressure. Warm and moist air at low levels flowing towards Henan ascended along the
cold high pressure, forming an inversion layer with warm air above and cold air below,
which facilitated the accumulation of liquid water in the region. The icing area was
rich in liquid water content but had low ice water content, liquid water content is
significantly higher between the altitudes of 550 to 750hPa compared to other
altitudes. The aircraft observation data is relatively consistent with the results of
ERAS reanalysis data, the severe icing area was at an altitude of 3630m, with cloud
temperatures between -8.2 and -6.8°C, relative humidity between 87% and 92%, an
average cloud droplet concentration of 499.9cm=, and a maximum liquid water
content of up to 0.87g/m’>. In this area, large and small supercooled liquid droplets
coexisted, with virtually no ice crystal particles. Calculations showed that the

thresholds for light, moderate, and severe aircraft icing in areas rich in liquid water



content were 0.05g/m?, 0.20g/m?, and 0.58g/m?, respectively. Under conditions where
the inversion layer strength was 1.93°C/100hPa, vertical motion speed ranged from
-0.25 to 0.2Pa/s, and horizontal convergence intensity was -3.73kg/(m’s), the

probability of icing intensity reaching moderate or above was 77%.

Keywords Aircraft icing, Aircraft observation, Icing intensity, Cloud microphysical

characteristics
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e, RHLAROKE ®AT R TR ERDIEE GRS (Sand et al. 1984; Bellucci et al.
2009, FhEESE, 2020) .
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(5K, 2013; EFHFHEE, 2014) . HFFE4EH, CWHIBIKEERAELFIRX,
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JEER R AA I, FUKIRT FEENHIK. BIK. ZWAIFE 4 F,

[ P A2 5 RPLBIK I R SRR, RYLRRUK R 5 e A £ i A2
(Schack et al, 1980; Politovich et al, 1996; Berstein et al, 1998; HZ[ =%, 2005,
XIFF 255, 2008) , FEBEIX BT 2 7= A RV Bl 1 2= R R K, B8 R AR FRUK I A 28
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I, HhTHELE . = SR AR R ARG R F oA BRI R R R G, 1R
YVBLE I, — R RS, KRR, |1 s B RE RS %K,
HRER K, BFRFRIKIER (565K, 2013) . Politovich % (2002) 5T
KDL, sEma e ERHY B2 RACEARVK PR S 5t R BRI BN . IR (2007)
SR X AR R RGHAT G b, WEFCRIA S (RIERE. B iee
FPAARRUKI E RS K. RS (2018) X RAKMIAT O£, A,
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B4 18um. Isaac 5 (2001) A IWINEE R S5 2 F0 TR A AL 38 P Hb R UK R %
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AR IR R ASHLHE L . Politovich 5 (2002) Z545 HARNS B 2 PN AR AL HF 450K
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VKIS 2 (B OE R o MR (2019) S22 PRI X ) 2 R AFAEAT R HLAKS
RAAHAT T30 KB, FECCHIAR UK B N 3 2R i s g iR, =
R BN A K, BEARTCOKARRL . EEMAREE (2022) X — ™ EAR VKL R 5%
YIFRRFAEIEAT T 0T, ROPLIE S ™ AR UK I TR IR B3R N -8~-5°C, /K& &
RN 0.85gm?, =k FH{EARBEA T8 20.3um. FMEES (2023) 755
FRMKARGTATT 7 NZRRCHLEERIRIARES, 5 CHLRR UK BLTE i
AR BB AV X, iR B I v 7K 25 & 3 30 WALAR 5% HE I I RO AROK o 52
MEE (2023) FIHHLEL DMT =9 BRERM B2 REAE 2 U8 IR B, SAR VK XS &5
KB, B KIS /KB ATIE 0.818gm?, KB BRI AW A48 50pum
(3 ¥ KA AE A2 R BURRUK I B 22 R A

A B 5T 3 XA [B) A 0 R A A S 2= Bk 2 A o AT AR UK B AL, oK R it
WAFERAFKAMSH QHIRJZ R KPR EGRE . RAEEEED X HLFRIK
VECI o AR SCHEET RN BRG] R — ™ B AR VKOS R I = A B R i34
TIRNGHT, WRRUKIE BB RS &AL, IR ER R AL KPR GRS R
REMNZE, AR FERUKEAT TR ER IR KB ES NS % .

2 XA EF RATHEAN
2.1 B BAMETENA

ASAE A R E SRR N T2 RO TR 60 (MA60) [ 58 = M RE S Y
KHUEAIT &, 1% CHLER ST IRZ) 7620 K. s KHiFEL) 2600 A H. WL E
e 7R 2 BARIN R G (B HRL R EURIR L DL SR E S AR
RY0), A] BRI 2 b & Pk AR 15 B0 R SE O = P B E & (HL
BIRME A FEMELIEE D .

iRk (Cloud Droplet Probe, f&#% CDP) , JHiddl &k 156 /EH
& B E RS R T 1 NI R (Lance et al., 2010) o iZAX &8 0] DL & F
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TREHORE (N) « WAKEE (LWC) AJiEid CDP k25t B A3,

= ¥ (1)
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Hrr, CDP A7 30 MG, Thr i AR i 84,  NRFERER, T
FERY IR B

R TG #R3L (Cloud Particle Image Probe, CIP) H 64 /N HL AR [
IR (5RZREE, 2021) , W] LAIIE = HoRiAe Y 25~1250pm HIREKRL T, 70 H%
R 25um, FEATLASREG 3 = AR ACRL T — 4E 14

WLE 2 &R 2N R 4 (Aircraft Integrated Meteorological Measurement
System, AIMMS) A Tid s CATHI PR . 1B AU 3D 28 [EPRGL . A
S o 45 & P A BN mI ARSI, WM EE AR, MWEIRZEAR K.

IR AR UK R AR B SR FAT, RSO T BRI R iR RO I A BR S
i 1) 58 AR A BR S A RS M %k (ECMWF Reanalysis v5, ERAS) . %%k
IKPIrHE% 0y 0.25°% 0.25°, IFIA]E]RE A 1 h, FEEJT AN 1000hPa 2| 1hPa 3 37
ANEER . ASCGEELT 2018 4E 12 A 10 H 16:00 (AL, FHED ERAS F4r
Prgel X AEAERE . B, B, |mEEE. BTHAE. aKSEUL
VKK B SR AR AR VK FE R A SR 4T

ARSI IA R SRR — AR A BN, AR A
PR -G 4 R A 26 (HBRD , 4N 4H & S 33 26 (CRO « 41X e K s 339 2 5 B (CRHD
MW= (BT « AMIEE BB KER (VIL)  AM—/NFEK
(OHP) . HMZEmETH TR (CAP) , KN 6 Hohe AXFEMHT
2018 4 12 A 10 H 16:00-19:00 X MAMMAE KHHHE (CRY , HTF ks
R 2 RFAE AR AR R

1 MA60 HLE 2= T BRI R G & DR e 24K

Table 1 Equipment functions and parameters of MA60 airborne cloud microphysical detection

system
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Fig. 1 Aircraft Detection Overview on December 10, 2018
(a. Topographic map overlaid with aircraft trajectory; b. Three-dimensional flight trajectory
diagram; c. Flight time series chart, with black representing flight altitude, green representing
temperature along the flight path, and red representing humidity along the flight path)
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Fig.2 Weather background at 16:00 on December 10, 2018, with red triangles representing the
icing area
(a-c. Potential height and wind field at 500hPa, 700hPa, and 850hPa, respectively; d. Surface
pressure and wind field. The red triangles represent the icing area, red lines represent isotherms,
and black lines represent potential height)
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Fig.3 Vertical distribution of relative humidity at 16:00 on December 10, 2018
(a. Vertical cross-section along 31.1°N latitude; b. Vertical cross-section along 114.2°E longitude)
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Fig. 4 Vertical distribution of liquid water content and ice water content at 16:00 on December 10,
2018
(a, c: Liquid water content and ice water content, respectively, in the vertical cross-section along
31.1°N latitude; b, d: Liquid water content and ice water content, respectively, in the vertical
cross-section along 114.2°E longitude)
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Fig.6 Aircraft detection results during ascent in periods A and B
(a. Temperature and humidity profiles, with black line representing temperature and red line
representing humidity; b. Cloud droplet number concentration and liquid water content observed
by CDP; c. Cloud and precipitation particle concentration observed by CIP; d. Image of cloud
droplet particle concentration observed by CDP; e. Image of cloud and precipitation particle

concentration observed by CIP)
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Fig.7 Aircraft detection results for the BC period from 16:17 to 16:57 on December 10, 2018
(a. Time series of flight altitude, temperature, and humidity; black line represents flight altitude,
green line represents temperature, and red line represents humidity; b. Cloud droplet number
concentration and liquid water content observed by CDP; c. Cloud and precipitation particle
concentration observed by CIP; d. Image of cloud droplet particle concentration observed by CDP;
e. Image of cloud and precipitation particle concentration observed by CIP)
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Fig.8 Aircraft detection results for the CD period from 16:58 to 17:16 on December 10, 2018
(a. Time series of flight altitude, temperature, and humidity; black line represents flight altitude,
green line represents temperature, and red line represents humidity; b. Cloud droplet number
concentration and liquid water content observed by CDP; c. Cloud and precipitation particle
concentration observed by CIP; d. Image of cloud droplet particle concentration observed by CDP;

e. Image of cloud and precipitation particle concentration observed by CIP)
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severe icing respectively)
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