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Could information on atmospheric dust (dust
forecast/observations) improve weather
predictions?

 Dust and atmosphere interact mutually
— Dust is driven by the air

— Atmosphere is modified by dust
e By affecting radiation
e By affecting clouds

 Both weather and climate are changed by dust

* Frequent question: why research on dust is
important for Balkans?



Atmospheric dust process

Tehran — 2 June 2014, 1pm UTC



Atmospheric dust impacts
I e e TV

 Health
Agriculture
e Marine productivity

e Improved weather and climate
prediction

e Aviation; Ground transportation




Links to GEO - WMO Sand and Dust Storm Warning
Advisory and Assessment System (SDS-WAS):

SDS-WAS Mission: To enhance the ability of countries to deliver
timely and quality sand and dust storm forecasts, observations,
information and knowledge to users through an international
partnership in research and operations

First WMO/GEO SDS-WAS Symposium (2007, Barcelona)
GEO/WMO/WHO MERIT project

— Meningitis outbreaks and dusty weather

1000
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Interest for dust
research:
Publications/year on
dust-related subjects 100-
(Stout et aI,2008)5 PR
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SDS-WAS Activity Nodes and
countries expressed interest to cooperate
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SDS Training Course, Tehran, Iran, October
2011 6



http://sds-was.aemet.es

You are here: Home
Home

> About us Northern Africa-Middle East-Europe (NA4VIE-E) Regional Center

by admin — last modified Mar 14, 2011 05:05 Phd
4 Forecast & Products

LATEST RGE dust image (courtesy of EUMETSAT)
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4 Materials
* Hews

< Ewents

Search

|Search Site

Latest Hews

The LK. Met Office dust
product iz availakble again

by 03, 2011

sdswas aemet.es

2011


http://sds-was.aemet.es/
http://sds-was.aemet.es/
http://sds-was.aemet.es/
mailto:sdswas@aemet.es

IPCC: [

O

Halocarbo
2r N0 Aarosols
i s !
CH, Fossil
fuel
Co, b g

Tropaspheric (black Mineral Aviation-induced

/__A_ﬂ af
Conltrails  Cirrus ’—I—‘
i M

Warming

carbon) Dust

Fon ]
b

» Both the magnitude

and the sign of the dust .| soats B0 g TR e
direct radiative forcing |
remain unresolved and [ R

Radiative Forcing (Wm-2)
o
:_ =3

depend on
« optical properties,

e vertical distribution,

e cloud cover

e albedo



South East European
Virtual Climate Change Center (SEEVCCC)
(hosted by the Serbian Met Service)

B Earth Modeling System

B IPCC Scenarios Seasonal Ensemble Forecast downscaling in SEE

B» DREAM model Dust/aerosol forecast

B» HYPROM Hydrology Prediction Model



How our research fits into GEO?

GEO: (...coordinated, comprehensive and
sustained Earth observations and
information...)

Integrating dust observations from different
geo-oriented observation sources

Integrating into models (verification,
assimilation)

Providing the society with useful information
(improvements of weather forecasts;
predicting extreme dust storms)



Observations
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Observations

GAW Aerosol Lidar — Inventory of ceilometer
Observation Network global network (WMO-
(GALION) data DWD initiative) — big
extensively used future source for aerosol

profiling

GAW Aerosol Lidar Observation ceilometer global network
Network (GALION)

Lidars and ceillometers
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Dust Regional Atmospheric Model (DREAM)
Nickovic et al., 2001
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Dust model — a set of
numerical methods and
parameterizations of
physical processes
solving a complex set
of matematical
equations

Simulates all major
processes of the
atmospheric dust cycle




DREAM model simulation of the June 2014
Tehran dust storm
Preliminary analysis of results



Importance of dust mineral
composition

e radiation,
e dust-cloud interactions,
e health
Impacting weather,
climate and
environment

* Dust Mineralogy —hi-res database s -7-,_}' S
A data type fits to GEO structures|/. %I &%

 Publically available

Nickovic et al, 2012



cruise sector

dominated by dust Clouds

How dust impacts the marine environment:
Fe ATMOSPHERIC PROCESSING

Radiation

Size

Pollution distribution

==

/Simulated soluble Fe

'he Atlantic

Algae bloom in Canaries
2006 due to dust deposition




Can desert dust explain the outgoing longwave radiation
anomaly in the UK operational model over the Sahara?

Haywood, et al., JGR 2003

(a) Meteosat—7 OLR (Wm™) (b) Model OLR (Wm") (c)

odel—Meteosat OLR (Wm™)
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Figure 1. The July 2003 monthly mean for (a) OLRy4e7. (b) OLR 04e1- and (¢) OLR 541 — OLRyee7-
The monthly mean consists of the average of the munthl;« mean of the OLR diagnosed at 0000 UTC,
6000 UTC, 1200 UTC, and 1800 UTC. Units are Wm ~. See color version of this figure in the HTML.



How dust impacts atmospheric radiation:
Cooling surface temperature by ~5°C

2m Temperature difference (k) RAD-CTR 12 April 2002 UTC

45M

iFS_2002041212 i

30°N and 40°N along longitude 12°E of (a) the
¢ atmospheric temperature difterence between RAD
¥ | ‘ rizontal distribution of 2m temperature difterence
over the whole domain.



Importance of assimilating vertical aerosol profiles:
Early ideas (Nickovic, 1996)

e Suggested analogy between TEMP reports and
aerosol profile observations

 Recognizing that satellite column variables (e.g. AOD)
are not sufficient for model assimilation

* Proposed blending the vertical profiling data (not
available at that time) and model forecasts

MODELING OF DUST PROCESS FOR THE SAHARAN AND
MEDITERRANEAN AREA

S. NICKOVIC
Department of Applied Physics, University of Athens,
Ippokratou St. 33, Athens, Greece



How dust observations help improving dust
forecasts?
Data assimilation issue
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Figure 3 Left: Domain of the operational DREAMS-NMME dust forecasts with included MODIS AOD
assimilation; Central: AERONET AOD observation sites Right: AOD scatter diagram with (black points) and
without (red points) assimilation, when compared with the AERONET AOD in the region

DUST OPERATIONAL FORECAST SYSTEM WITH ASSIMILATION OF SATELLITE AEROSOL OPTICAL
DATA Nickovic et al, 2012



Ice Nucleation process

Faw IN = cirrus form
highast/coldast,
maore ice (nat warming)

Faw IN = midlevel clouds
parsist as liquid (net cooling)

Urban, industrial
amissions

Tarrastrial biological
amissions

More IN - fawer and larger
drrus ice particles, mora

ﬁaxtﬂﬂswa clouds

Mara IN -
moare icé and
pracipitation,
shortar lita

Oeaanic
a8missions

Dust
amissions

Generation of cold clouds



e 2/3 of ice clouds formed

* Feldspar— the most

How dust enhance cold-cloud generation?

due to pure dust and

. Clarifying the Dominant Sources and
metallcs Mechanisms of Cirrus Cloud
Formation

Daniel J. Cziczo,”™ Karl D. Froyd,?® Corinna Hoose,* Eric J. Jensen,® Minghui
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DREAM model:
Ice Nuclei (IN) parameterization

e Based on the DREAM dust model
— 50km horizontal resolution

— effective radii: 0.15, 0.25, 0.45, 0.78, 1.3, 2.2 and
3.8um (PM10)

— ice-active surface site density n(T) and N of
immersion freezing particles N, . (Niemand et al,
2012):

n,(T)=exp[- 0.517(T — 273.14)+8.934]m 2|

I\Iimm = ns (T )Stot,dust




Cloud radar and DREAM model IN: comparison

Potenza, logl1Q(IN}, fost (b); loglO{iwc+1eb), obs MIEASS (r)

Overpredicted
although

lidar shows some
high cloudiness

(next slide)
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In conclusion:

e Contribution of the presented research
corresponds to the GEO meeting objectives:

— Monitoring the environment (aerosol;
atmospheric drivers)

— Protecting the citizens (dust forecasts during
extensive dust storms)

— Regional economic growth (improving weather
forecasts where weather is impacted by aerosol)
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