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Atmospheric aerosol and the
dominance of mineral dust
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¢Where is dust emitted?

180° 120°

60°

OO 600
| |

180°

ARCTIC

PACIFIC

. T
o =
A2, 'L; ) ASIA

A

+’EUROPE A
N O G =L [ &
N -. o ‘é\:\ )

2o K
ey NN

AFRICA INDIAN §

Centro Naciona! de Suparcampulacion

OCEAN
OCEAN . i
v ﬁ OCEAN ﬁ
AUSTRALIA 4 ﬁ?
ANTARCTICA

Barcelona

Supercomputing

Center



Synoptic dust storm

Haboob (moist convection)

MSG Dust RGB 02 to 03 Mar 2004

© 2004 EUMETSAT
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¢What are the dust emission mechanisms?

Wind-Driven Movement of Sand and Dust Particles
by Creep, Saltation, and Suspension
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¢ What is the composition of dust?

Size Aggregation, irregular shapes

_ Airborne Particle Sizing
Human Hair

~ 70 um in diameter

¢ PMas < 2.5 ym in diameter
Fine Dust = PM1o
& < 10 um in diameter

Airborne Dust = PM=zo
& < 30 um in diameter

90 um in diameter
Fine Beach Sand

Image courtesy of EPA, Dffice of Research and Levelopment mixed (Si Al K) CaP(S)

illite, smectite, kaolinite, chlorite, feldspar, calcite, quartz, iron oxides
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¢How dust interacts with weather and
climate?

Anthropogenic forcing?

climate < o Snow/ice albedo
Ocean fertilization modification
l 2 S
17 atmospheric dynamics & phyisics —t——————
surface wind & oo Cloud
turbulence Radiation microphysics
-
v |—> dust emission ==  dust transport —— ] » dust deposition
Sources, 1
Vegetation,
Soil humidity,
cohesion

Human disturbances: e.g. agriculture

Barcelona
Supercomputing
Center

Centro Naciona! de Suparcampulacion

@



Dust-radiation and Dust-cloud interactions

!

\l‘\«ulwd Light

/

Direct Impact of Aerosols

more ice (net warming) extenswe clouds

:-.:

Few IN — midlevel clouds
persist as liquid (net cooling)

Few IN — cirrus form More IN — fewer and larger
thighest/coldest cirrus ice particles, more

More IN —
more ice and
precipitation,
shorter life

Refracted Light Re-radiated Light
. o

Biomass
burning
e 4,
Volcanic Aerosols Wind blown Dust  Marine Aerosols Biomass burning Industrial emission Vehicularemissions
(_ Natural Sources ( Anthropogenic Sources ) Terrestrial biological ~ Urban, industrial Dust Oceanic
g B ; kol G VNS L emissions emissions emissions emissions
Aerosols
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Heterogeneous chemistry of dust

T

rev ersnble &
II irreversible uptake

aged particle wet/dry

deposition
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Biogeochemical cycles

land surface properties
and dust availability

temperature, precipitation anthropogenic

changes in soll moisture
and vegetation land-use
s change
\\\t’
e
wind speed
dust entrainment efficiency
precipitation
dust transport efficiency

atmospheric
aerosol loading

acolian iron supply

to the open ocean
relef of Fe limitation,
stimufation of N,
fixation

ecosystem
composition,
CaCO, production &
ballasting

‘ballasting”

denitnfication

ocean CO, sequestration
radiative forcing

cloud cover, sea-ice, SSTs, \
Q‘"—aﬂo“/

marine
productivity

climatic
state

N,O and CH,
radiative forcing

halocarbon, alkyinitrate, & DMS
emissions to atmosphere

radialive forcing and production of

cloud condensation nuclel (CCN)
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é¢How does it relate to climate change?

Components of Radiative Forcing
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é¢Are dust storms natural phenomena?

Land Elevation (m)

-300 1000 2000 3000 4000
% Hydro % Natural non-hydro % Anthropogenic non-hydro
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¢Are dust storms natural phenomena?
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Interannual and Decadal Variability

(a) Saudi Arabian dust
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Long-term trend

Kelley, et al 2015, PNAS doi:10.1073/pnas.1421533112)

Precipitation history and long term trends
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Agriculture

Dust Bowl in the US (1930°s)

DusT SToRM APPRORCHING SPEARMAN, TEA#s.
APRil | %1935

storms
in the
United
States
1935-6

Images from
the National
Weather Service
collection of
the NOAA
Photo Library

www.photolib.
noaa.gov/
historic/nws/
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Health

Particulate Matter in the
Respiratory System
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Epidemics of meningitis in the Sahel

Gambla

Guinea-
Blsseau

Gulnea
Slerra Leone
Liberla
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Transport
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Solar Energy production

kWh/m?
[ S 0
min max

Annual sum of Direct Normal Irradiation,
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Models and prediction

sds-was.aemet.es
dust.aemet.es
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Prediction of dust distribution requires representation of sources,
transport, sinks




Dust models

Dust models simulate the atmospheric dust cycle:

* Dust emission
* Advective and convective transport

e Turbulent diffusion
* Sedimentation, wet and dry deposition a%r
DESERT
Dry Soils,

Unvegetated Surface

v  ADECUATELY CONSTRAINED BY THE AVAILABLE OBSERVATIONS CAN PROVIDE
HISTORICAL AND CONTINUOUS DATA FILLING THE TEMPORAL AND SPATIAL GAPS OF
THE OBSERVATIONS

v THEY CAN BE USED AS SHORT-TERM FORECASTING TOOLS (3-5 days ahead)
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Types of dust storms and model skills

e Synoptic dust storms (large scale weather systems)
* Prefrontal winds
e Postprontal winds

 Mesoscale dust storms
* Gap flows

Haboobs

Inversion downbursts

Dust devils




Synoptic dust storms: February 2007

http: //www.bsc.es/projects fearthscience /DREAM

e TV

20 Tob 18:00 DI

BSC/DREAM Total Cloud Cover
6h forecast for 18z 20 FEB 07

"

10E 0 0 0 50E
BSC/DREAM Dust Loading (g/m~2) and 3000m Wind
6h forecast for 18z 20 FEB 07

......

ssN{
5ou-v' :
45N -
40N-"
35N
SN )

25N1°

 « ¢
o
20Nq <~ v
- «

Supercomputing
Center

Centro Naciona! de Suparcampulacion

@



Synoptic dust storms: February 2007
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http://www.bsc.es/projects/earthscience /DREAM
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Synoptic dust storms: February 2007

= http: //www.bsc.es/projects/earthscience /DREAM
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Synoptic dust storms: March 2007

cold, thick, high
level clouds

thin cirrus clouds
contrails

-thick mid-level
cloud

thin, mid-level
cloud

low-level cloud
(cold atm, Europe)

low-level cloud
(warm atm, Africa)
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Mesoscale dust storms (Haboobs)
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Dust Optical Depth
Time: 2015-09-06 00

DOD

0.0 0.1 0.2 0.3 0.4 0.5
Data Min = 0.0, Max = 0.0
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Who can use predictions to benefit society
and economy?

Air quality agencies (regional and local)

National Meteorological Services

Aviation and ground transportation autorities

Decision makers (health, agriculture)

Solar Energy insdustry

Researchers (ocean community, health community, planning
experimental campaigns)
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= Solar energy = Health

- Power forecasting - Early-warning

- Mid-term maintenance planning system for people

- Site planning for new projects with respiratory
problems

=  Transportation

- (air) Visibility —assessments for Agriculture/ Insurance

airlines and flight management - Crop damage
- (ground) Transportation impacts

Contact us at: BSC and AEMET are managing the WMO SDS-WAS
info-services-es@bsc.es NAMEE Regional Center ( )
and the Barcelona Dust Forecast Center

( )-
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« Dust impacts have motivated the creation (in 2007) of WMO Sand and Dust Storm
Warming Advisory and Assessment System (SDS-WAS) programme.

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

WMO Sand and Dust Storm Warning Advisory and AsSessment System (SDS-WAS)

- K = T /A_MKT @-———-.

’ Forecast evaluation
> Multimodel Products

> References

Search
Search Stte

Latest News

The book "Mineral Dust - A

key player in the Earth
system” has been released

Sep 08,2014

Dust forecasts available on
the WMO Global
Telecommunications System

Aug 26,2014
A severe dust storm hits

Aktau, Kazakhstan
Aug 12,2014

Upcoming Events

EarthCare Workshop 2014
Feb 13,2014

EarthCARE Workshop 2014
May 05, 2014

13th Quadrennial ICACGP
Symposium - 13th IGAC
i i

«  September2014  »
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You are here: Home > Fo

Compared dust forecasts

by Francesco Benincasa — last modified Jun 20, 2014 05:23 PM
Date: 20140916 [[F| m+ @M v
Doc on model inter-comparison Forecast evaluation Multimodel Products

FPlease be sure to read the data policy.

NOTE: Click on the images to enlarge.

Dust optical depth:

ast & Products » Dust forecasts » Compared dust forecasts
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(€ The objective of this programme is to
improve the understanding of dust
processes and dust prediction
capabilities.

(€ WMO SDS-WAS programme has 2
regional nodes, which are managed in
2 regional centers (RC):

NAMEE RC: AEMET-BSC, Barcelona

ASIA/Central Pacific RC: China
Meteorological Agency, Beijing

(€ WMO SDS-WAS NAMEE RC:

8 dust models (e.g. NMMB/BSC-DUST, BSC-
DREAMS8b) = Dust forecast (DOD, Surf.
Conc.)

NRT evaluation (e.g. AERONET sun-
photometers, MODIS)



(€ WMO Barcelona Dust Forecast center (BDFC):

__________ (€ Itis the first specialized center for mineral

= = ~ “f' - L‘
dust prediction of the WMO

NEWSLETTER

Keep ur;:::ia;; with our Dust forecasts available on the WMO Global
) Telecommunications System
The. forecasts published on (hiswep p(?rtal are also (( N M IVI B/BSC-DUSt m Od eI Wa S Se | ECted by
_— WMO as dust model of reference for the
oo @ |eeee dust forecast of this center

o Latest dust forecast for Northern
Africa, Middle East and Europe

(€ Dust forecast (NMMB/BSC-Dust):

e 0.12x0.1°

e 72h (daily updated)

* Various variables (e.g. DOD, Dust surf. Con.)
* North Africa, Middle East, and Europe

50
o Checkit here

LATEST NEWS

The book "Mineral Dust
key player in the Earth
system" has been released

S

Sepos, 2014

Dust evaluation

Evaluation of dust forecasts
against Aeronet observations

Check it he
WMO SDS-WAS products' ek IE Jere

Avg0s, 2014

UPCOMING EVENTS

({ NRT, monthly, and seasonal evaluation:
 AERONET sun-photometers (e.g. AOD, AE)

4th Trainin g Course on
WMO SDS-WAS products
Nov 17, 2014

— Cassmancs, Marozco
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Next

e Kuwait dust forecasting system at KISR !?
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