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Why to consider atmospheric desert dust as a
factor in NWP models?

Atmosphere is modified
by dust

— Through direct effects
(affecting radiation)

— Through indirect effects

(affecting clouds)

Why dust is a major
aerosol?

— Most abundant

— Specific chemical and
physical features
favorable for direct and
indirect effects

Radiative Forcing (Wm=2)

IPCC:

sign of dust radiative forcing yet
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How much dust affects the atmospheric radiation?

The outgoing longwave radiation
anomaly in the UK operational model

(o) Meteosat—7 OLR (Wm™)

“on "‘”"‘“&w

(b) Model OLR (Wm™) (c) Model—Meteosat OLR (Wm™)

over the Sahara due to dust
(Haywood, et al., 2003)

along longitude 12°E of (a) the
mperature difference between RAD
2 gtion of 2m temperature difference

Figure 1. The July 2003 monthly mean for (a) OLRy 7. (b) OLR0he1. and (¢) OLR o401 — OLRyger7-
The monthly mean consists of the average of the monthly mean of the OLR diagnosed at 0000 UTC,
6000 UTC, 1200 UTC, and 1800 UTC. Units are Wm 2. See color version of this figure in the HTML.

Cooling surface temperature
by ~5°C in DREAM model

(not only over Saharal)
(Nickovic et al, 2004, Perez et al, 2006)




Heterogeneous cold clouds formation

 Several Science and Nature articles published since
2013 indicate the importance of dust speciffically

e Mineral dust particles act as the most efficient
heterogeneous ice nuclei in the tropospheric clouds

 Dust particles lifted to the colder tropopause cause
earlier glaciation of supercooled cloud water

,,
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Precipitation !

Ice formation and precipitation
Koop and Mahowald, Nature, 2013



Dust: key catalyst for cold-cloud formation
even far away from sources

2/3 of ice clouds formed
due to pure dust and dust
metalics

Only small dust
concentration needed

Dust mineralogy matters!
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DREAM - Dust Regional Atmospheric Model

(Nickovic et al, 2001; Pejanovic et al, 2010; Vukovic et al, 2013)

— Widely used dust model in the
community

— Operational dust forecasts within the
WMO dust SDS-WAS model

intercomparison project

DREAMB—assim: Dust load (g/m?) and 700hPa geopotential
Forecast base time: 00 045012015 valid time: 00Z040CT2015 (+00) D SEEVECE
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Dust data assimilation in DREAM

(Nickovic, Pejanovic, Solonos, Cvetkovic, Petkovic, work in progress

— Collaboration with NOA (Greece) and UK
MetOffice

— Observations: MSG/SEVIRI Dust Optical
Depth (DOD) over ground only for the

cycle initialized
by previous run
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IN parameterization in NMM-DREAM

Example of a typical cloud parameterization in today's models

e = N#IN) ceaey| (e =...— f(ICEGEN)

#IN =100 m™ = const

d qi ce d

e.qg. Bangertetal, 2011

 Most operational microphysics schemes use predefined #IN

e [nstad, we plan to use #IN as predicted variable in the
Thompson “dust-friendly” microphysics (MWR,2012)

[ NMM N

(thermodynamics,

([ DREAM .

L dust |

([ Thompson )« Ice mixing ratio )
| microphysics due to dust




DREAM #IN parameterization

DREAM dust model

— 25km resolution; Sahara/Mediterranean region
— Particle bin radii: 0.15, 0.25, 0.45, 0.78, 1.3, 2.2 ,3.8, 7.8 um
Immersion ice nucleation (two options) [-35°C <T<-5°C]
DeMott et al, (2010)

Ny = (ndust )alo[bT+C]

Niemand et al (2012)

—MmT +n

r]IN - Sduste

Deposition ice nucleation [-60°C <T<-35°C]

Steinke al (2014)

Ny = Siuq1-88[10°e TR 20%)) T,

#

3

M

; Sdust —

surfaceof dust particles




Model #IN vs. MPL lidar, 1zana

Ice nucleation (log10{(H)/m™) (DeMott et al, 2012) NMME Ice nucleation (lag10{(#)/m™) (DeMott et al, 2012) NMME Ice nucleation (log1d(#)/m™) (DeMott et al, 2012) NMME
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Ice nucleation (Iog10é‘)/m" (DeMott et al, 2012) NMME Ice nucleation (lo 10% ) (DeMott et al, 2012) NMME MPL:3 8{CidaTenecite;2013:08:29
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September 2012 event

e One week of moderate Saharan dust in the
central Mediterranean



(A) Dust Optical Depth — DREAM prediction Potenza

#I N VS. CIOUd ICe (B) #IN vertical load [#IN/m2] DREAM prediction
(SC) Cloud Ice Optical Thickness [NASA MODIS MYD08 D3.051]
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(A) Dust Optical Depth — DREAM prediction Potenza

(B) #IN vertical load [#IN/m2] DREAM prediction

(C) Cloud Optical Thickness — Ice [NASA MODIS MYD08_D3.051]
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Sep 2012 dust case - Potenza

Potenza Sep2012:10q10(IN) DeMott&Steinke & iwc*1eb
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Thank you !



