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Results of recently published article (supported by )

Article ‘ Open Access ‘ Published: 19 March 2021
nature Cloud icing by mineral dust and impacts to aviation
safety

S C l E N T | F | C Slobodan Nickovic, Bojan Cvetkovic, Slavko Petkovic, Vassilis Amiridis, Goran Pejanovic, Stavros Solomos,

R E P{}ﬁ R T S Eleni Marinou & Jugoslav Nikolic

Scientific Reports 11, Article number: 6411 (2021) ‘ Cite this article

Motivation for study

 Exploring if/how much icing caused by dust affects the
aviation en-route operations

(1 DREAM dust model used to reconstruct environmental
conditions

1 Introducing new dust-dependent prognostic Icing Index

] Testing the method for two catastrophic aviation accidents



Cloud icing — major threat for aviation

Mineral dust — the most efficent ice nucei |El i
agent

( Does dust enhance cloud ice crystals
production?

4 If yes, how much?

1 Does it affect aircraft safety?

Cumulonimbus anvil - most dangerous
icing zone

1 Cockpit radars cannot detect small ice
particles

=»Ice can freeze aircraft instruments (Pitot
tube, air pressure sensors)




Icing Indices examples (no dust inside)

No single icing index considering dust in the community

S M HI Meteorol. Appl. 10, 111-114 (2003)  DOI:10.1017/51350482703002020

A new algorithm to estimate aircraft icing in the
HIRLAM model

The current operational Inflight
ICing Index \ | Weather Valid 8am EDT Wed May 19 2021 to 8am EDT Thu May 202021

Fronts Valid 8pm EDT Wed May 19 2021
Issued 4:43 AM EDT

+ If -20°C < Temp <0 °C and cloud is present:

Icing index = relative humidity U KMO

WAFC London UnBlended, regridded, mean inflight icing forecast at 700hPa
11/01/2018 00Z model run, T+24
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Accident reports

June 2009 Air France flight (AF477)

(A BEA  Rreport: ..following  the
obstruction of the Pitot probes by ice
crystals, the speed indications were
incorrect and some automatic systems
disconnected...probably caused by ice
crystals... .

] 228 deaths
\

July 2014 Air Algérie flight (AH5017)

 BEA Rreport: ...high dust content was
combined with convection over the
northern area of the Sahel...

'... the concentration of dust may affect
the quantity and concentration of
condensation nuclei in cumulonimbus.’
...the presence of ice crystals within the
anvil cloud was very likely’

116 deaths

Estimated location of
Accident ~2am UTC
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http://en.wikipedia.org/wiki/File:AF_447_path-notext.svg

DREAM dust model + ice nucletion

Dust Regional Atmospheric Model (DREAM)
[Nickovic et al., 2001, Perez et al, 2006, Vukovic et al, 2014]
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DREAM:
- simulates all major processes
of the atmospheric dust cycle

- Driven by the non-hydrostatic
NCEP NMME model

-includes different dust mineral
fractions

- simulates ice nuclei
concentration

-25km resolution;
-Sahara/Mediterranean domain

- Particle bin r: 0.15, 0.25, 0.45, 0.78,
1.3,2.2,3.8,7.8um

Cold cloud formation: ‘cooking’ recipe

DREAM model NMM model

DeMott (2015) [-35°C <T<-5°C]
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AF477 flight conditions:
Satellite obs
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Cloud top temperature (MSG SEVIRI)
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Dust optical depth and ice (MODIS)

CALIPSO Feature type UTC: 2009-06-01 03:53 - 04:04 Version 4.20
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AH5017 flight conditions: ISG SOV Cloud Top Temperature (- 20140724 0100 UTC
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NMME-DREAM forecast: Dust lood (g/m?)
Vaiid_time: 01JUN2009 01UTC

Model predictions

Dust load
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NMME~DREAM forecast: Dust load (g/m")
Valid time: 24JUL2014 01UTC
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ICING INDEX

ice nucei number:
incudes T, RH, dust C

AF477

vertical velocity:
reflects convective
dynamics

AH5017
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