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Atmospheric aerosol

Atmospheric aerosol
Solid or liquid particles suspended in the air

Particle size
Diameter ~ 0.002 - 100 um

a USGS

science for a changing world
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Atmospheric aerosol

Aerosol sources

Volcanoes, botanical debris, sea salt, biomass
burning, mineral dust, anthropic pollution, ...



Emissions 2000-2007

Sulfur emission (gS m? yr'") 2000-2007 avg 93.6 TgS yr' OC emission (gC m™? yr') 2000-2007 avg 61.8 TgC yr
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The dust cycle
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Arabian Sea

MODIS. 4 Feb 2013




The dust cycle
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Emission

Turbulent mixing
Transport

Dry/wet deposition
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Land factors

Soil texture
Soil humidity
Vegetation

Meteorological factors

e Wind

 Near-surface
turbulence




Mobilized dust

~ 30,000 - 60,000 kg / s

~1-3-1012kg / yr

50,000,000 trucks

3,000 ULCC
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Dust sources

World’s Largest Deserts

Terra/MODIS True Colour View of Earth
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The Bodélé depression

The Disappearance of Lake Chad in Africa

| Former outline of the lake

| Vegetation

Source: Thiscollectf .+
a senes of sateito imf|
Space Flight Center

htp iwww gsic nasa 9ol







@
O
>
O
=)
(Vs
-
O
()
i -
|_

Dry deposition

C compounds S compounds Mineral matter

N compounds

Marine aergsal

0.01 um 0.10 1 um
Hm

10
pm

Warneck (1988), Harrison and Van Grieken (1998)

Settling Velocity Versus Particle Size
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Particle Size (micrometers)

1000.0

Zender, 2003

SIZE (uam)  AVERAGE
LIFETIME (h)

0.1-0.18 231
0.18-0.3 229
03-0.6 225

0.6-1 219

1-1.8 179

1.8-3 126

3-6 67

6-10 28

Tegen and Lacis (1996)
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Ayia Marina (Cyprus)
March 2012

deposition

MODIS 12 Mar 2012

Cyprus: Ayia Marina

March 2012
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Seasonal variability

cluster 1. Monthly % of Visibility reductions by sand or dust
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Terradellas et al. (2012)




The dust cycle

Impacts of atmospheric dust

Health 3:45P Cancelled
Weather and climate

Transport (visibility reduction) W4:24P Delayed
Energy generation - | Cancelled
Agriculture, forestry, fishing




Health

10 micrometers and above

9.0um — 10.0um

nasal passages
5.8um —9.0um
4.7um - 5.8um

trachea & primary bronchi

3.3um -4.7um

secondary bronchi
2.7um - 3.3um

terminal bronchi

1.7um - 2.1um

\0.43um -0.65um

Burkina Faso

World .Hea.IﬂI Mcvolr.:::'kcl
Organization Organization

Weather . Climate - Water

African Meningitis Belt

I Meningitis
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Meningitis cases
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6000 Dust
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Weather and climate

Enmitted Resulting Atmospheric it ; i " Levelof
Compound Radiative Forcing by Emissions and Drivers ot
T T T T T T T
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o 2011 H
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(b)

Direct rodiative forcing (soll dust, tropopause) (present)

(d)
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Direct rodiative forcing (soll dust, surface) (present)

Takemura et al. (2009)
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Transport
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visibility (km)

D’Almeida (1986)
Ben Mohamed et al. (1992)
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Tunisia - 7 May 2002



Generation of solar energy

* Reduction of the
available energy

* Reduction of the
efficiency
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Agriculture — Forestry - Fishing

Morocco
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WMO SDS-WAS

Mission:

Improve the capacity of countries to produce and distribute to
end users accurate forecasts of the mineral dust content in the
atmosphere

Structure:

* Regional Center for Northern Africa, Middle East and
Europe. Barcelona, Spain

* Regional Center for Asia, Beijing, China

* Regional Center for Pan America, Univ. Arizona, U.S.A.

* Regional Center for West Asia (??)

The dust cycle




Regional Center NA-ME-E

The Center is managed by a consortium of AEMET and the

Barcelona Supercomputing Center (BSC-CNS)
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Nexus Il Building. Barcelona MareNostrum — 3 supercomputer

Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacion




http://sds-was.aemet.es

%
3

.

and AsSessment System (SOSWAS)

w

Orpartiwiem

:} NORTHERN AFRICA MIDDLE EAST EUROPE [NA ME-E) REG10NAL CENTER

Rt Northem Africa-Middle East-Europe (NA-ME-E) Regional
Center

Sy Fancescs Sencass — Bt modfed May 20 02 20 8

Poreceat & Products

Projects & Resserch

Metericls

Guidance for forccaaicrs 7o be imformed about cur acri¥cs, mewa and
News cverms related & dust Mregucrey i3 almont

11 Lecturea on atmeaplicric mincral Suxt oy,
Evants

srezzaalcvaioztan | Full Name |
— Compared duatfae [ T |

Leteat News Dust forecests
Sackirs)cctorica arc oy

1012 SUMETSAT Mcte e
Sstcihits Cenferemcs

Se3 03, 2012 - Se2 07, 2003 — Semct
Poland

ST Imizrmat - -
on Tropoash

sdswas@aemet.es eterradellasj@aemet.es



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

@
O
>
O
=)
(Vp)
-

e
()

i -
|_

GOBIERNO
DE ESPANA

©

Operational forecasts
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Agencia Estatal de Meteorologia

Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacion

May 2013. The WMO designates the
consortium of AEMET and the BSC
to host the first Regional Specialized
Meteorological Center with activity
specialization on Atmospheric Sand
and Dust Forecast (RSMC-ASDF). The
Center shall operationally generate
and distribute dust predictions for
Northern Africa, Middle East and
Europe.

Feb 2014. The Barcelona Dust
Forecast Center (BDFC) is created to
be this RSMC-ASDF

Jun 2014. The BDFC is publicly
presented
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ttg:[/dust.aemet.es

BARCELONA DUST FORECAST CENTER

NEWSLETTER

Keep up to date with our
activities!

HOME

Y About us

> Forecast

> Forecast 10km
> Evalustion

> Methods

2 News

> Events

> Contact

LATEST NEWS

Establishing 8 WMO SDS-WAS
Regional Node for West Asia

Training events in Muscat, Oman

Dust-related trainig events organized by the Regional
Center for Northern Africa, Middle East and Europe of
WMO SDS-WAS

Read More

Baroetuna Dust Forecast Center
NMMS/B5C-Dust Aes:0.1%x0.1% Dust Surface Conc. (pg/m?|
Run: 120 13 80V 2013 Vala: COb 14 NOV Z(Ili |H+

»e Dust forecast

"o

Latest dust forecast for Northern
Africa, Middle East and Europe

Check it here

dust@aemet.es eterradellasj@aemet.es
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Why do we need dust observations?

e Dust monitoring

e Evaluation of numerical dust forecasts
e Data assimilation into dust models

e Validation of other observations (i. e. ground
observations to validate satellite products)

)
(Vp)
-

e
O

—
Q

i
Q.
(Vs
O
&

s
(q0)

(-
O
C

O

)
(O
>
-
Q
(Vs

O

@)




A comprehensive
observing system

eGround observations
eIn-situ
eIndirect obs.: visibility
eSun photometers
eLidar — ceilometers
eSatellite observations

AQ station

Sun phot“m‘eter

Transmissometer
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In-situ measurements of PM10 and
PM2.5 in AQ monitoring stations

(W2-W1)
PM= I ug/m3
Volumen
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Monitoring dust events with in-situ
observations
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Monitoring dust events with in-situ
observations

Cyprus: Ayia Marina
March 2013

1650 PM10
PM2.5

1500

1350

0 NOAA HYSPLIT MODEL
Ird trajectories ending at 1200 UTC 12 Mar 13
UTC 11 Mar GFSG Forecast Initialization

600 n A L,

mass concentration (ug/m® )

450 7 o N A

300

150 }

N
Py M 1V { !
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g ﬁ/ 2500
2000
g -~ 1500
w | 1000 v_,_r/ 1000
500 % 500
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03112 011 03/10
Job Start: Mon Mar 11 23:31:59 UTC 2013
lat.: 35.037 lon.: 33.082 hgt: 0.0,500.0,1000.0 m AGL a r
Trajectory Direction: Backward ~ Duration: 80 hrs
Vertical Motion Calkulation Method: Model Vertical Velocity
This is not a NOAA product.It was produced by a web user. www.arl.noaa.gov/ready

12 Mar 2013
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S

Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacion
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ility and present weather from
meteorological reports

B <s0m

B >50m And <2km
M >2km And <4 km
n>4km And < Bkm
B >6km And < 8km
l >8km And < 10km
E > 10 km

Last Update:
2011-01-31 12:45:10

CLICK ON ASTATION FORTIME OF
OBSERVATION

1]
[+l < e )

| Saudi |

5e
.oAr.lbm

N .
\ ySomalia
./Krl\y.!“‘
be

DR Congo ::}"

S Tanzania

B <som

ﬂ >50m And < 2 km
g>2km And <4 km
M >4km And<Bkm
H >6km And < 8km
l >8km And < 10km
ﬂ > 10 km

Last Update:
2011-01-31 12:43:10

CLICK ON ASTATION FORTIME OF
OBSERVATION

a

ORUS TS Y

MITIGA

Lat32 8041 N Lon'13.270 E Halght 11 m

Last Mstar Obsarvation: 20110131 10UTC
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Sun photometers

TER_ inzan Zier_ﬂirpbrt '
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 Sun photometers measure direct solar radiation

 Radiation at the top of the atmosphere is known

* Particles dissipate energy due to absorption and
scattering

* Information on the aerosol concentration can be
derived from the radiation that reaches the Earth
surface
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Observation of atmospheric dust

IMel

Agencia Estatal de Meteorologia

SDS-Africa

N ESEIEESERI NN GELG A E oy

] P e B Boiecoro ot ione] Mealato_Flatforn
— |__' =T MEer f_niversitafikD

EE |__I -“- e ﬁ
CUT-TEPAK] &

- - ' 1 g P

’ -"‘L‘ Eh—_uﬂﬁal

AGENCIA
ESPANOLA DE
COOPERACION
INTERNACIONAL

|
.1|"' AN
- ,:(f'.. i *&"“ - Nl !

C - 3 = -ﬁ‘
1]11] e e ’ EKHST-




)
(Vg
-

e
O

o
Q

i
Q.
(Vs
O
&

i
(q0)

(-
O
C
O

L=
(O
>
-
Q
(Vg

O

@)

Monitoring dust events with
AERONET data

Aerosol Optical Thickness

Tananrasset_INH , N 22°47724", E 85°31”48", Alt 1377 n,
PI : Enilio_C Agullo, ec @ t.es
Level 1.8 AOT; Data from APR 2013

0T_1628 : <8,300>
0T_878 : <8.327>
——A0T_675 : <8,342>
0T_568 : <8,368>
0T_448 : <8.376>
0T_380 : <0.379>
——A0T_348 : <8.386>

AERONET Pro_ject, NASA GSFC

b1 B3 b5 B7 B9 h1 h3 hs b7 h9 k1 b3 <- pay in GHT
PR
2013 Version 2 DS

Tananrasset_INH , N 22°47724", E 85°31748", Alt 1377 n,
PI : Enilio_C Agullo, L] t.es
Level 1.8 AOT; Data from 13 APR 20813

Angstron Paraneter

8.38

8.25

8.15

8.1e

Tananrasset_INH , N 22°47724", E 85°31”748", Alt 1377 n,
PI : Enilio_Cuevas-Agullo, ecuevasaPaenet.es
Angstron fron Level 1,8 AOT; Data from 13 APR 2613

Eff—4e-876nn_: <8.156> |

AERONET Pro_ject, NASA GSFC

661162 B34 B5106 B7 B8 BI Lo 1 12304 <- Hour in GHT
13 <= Day in GHT

APR

2013 Version 2 DS

0T_1628 : <8.705>
0T_878 : <8,756>
——A0T_675 : <8,794>
0T_588 : <0,.826>
v 1.4 0T_448 : <0,837> o
g ! 0T_380 : <08,846> g
£ 13| —¥—A0T_348  : <8.852> &
ﬁ 1.2 g
14 2
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i 2
o 0.8 o
3 8.7 i
2 L 3
2 8.6 o
& es5f &
8.4 312 83164 05867 BE B8 LB A1 A2 304 <- Hour in GHT
13 <= Day in GHT
APR
2013 Version 2 DS
Tananrasset_INH , N 22°47724", E 85°31748", Alt 1377 n,
PI : Enilio_C Agullo, 2 t.es
Size Distribution Alnucantar Level 1.5; 13 APR 2013
87:36:14Lskyerr=7,6%3s2=593sph=2,7%3t440=8,531
15:44:35Lskyerr=4,2%3s2=603sph=8,3%3t448=1,181
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Radius (r) [unl Version 2

Tamanrasset, Algeria, 13 Apr 2013
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Heigth [km]

Lidar

MPL-3 S.C. de Tenerife 2014-07-01
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12

10

W TR m "

e ot T T T

12:00

Range corrected signal [arb. unit]

| ]
0.0 0.5 1.0

1.5

— |

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 30 Jun 14
12UTC 29 Jun GFSG Forecast Initialization

Santa Cruz de BF 9l e
© \] -
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< - 3000
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Observation of atmospheric dust



Other composites: MODIS
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Quantitative estimations of AOD

MODO8_D3.051 Aerasal &%&:Izgle&th at 550 nm [unitess]
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 Atmospheric aerosol

* The dust cycle

* Observation of atmospheric dust
* Prediction of atmospheric dust

WMO SDS-WAS Regional Center for
Northern Africa, Middle East and E,t,m = NIMET
Europe : T

porcis Extatal do Meteorcioga

http://sds-was.aemet.es @ Susrompating World
Center i
S d sSwWas @ aéem et .es Centro Nacional de Supercomputacion M:::::;l:tgi::: I

‘Weather ¢ Climate « Water

Barcelona Dust Forecast Center
http://dust.aemet.es
dust@aemet.es
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Dust prediction models

NWP model

Equation
of the
dust cycle

Dust
prediction
model

Emission
Turbulent diffusion
Transport

Dry and wet
deposition

Interaction with radiation
Interaction with cloud particles
Atmospheric chemistry




Dust prediction: main problems

Processes of very different scales
Need for very precise wind prediction

Lack of suitable observations for forecast
evaluation and data assimilation

Tegen et al. (1994) F = Z Ciu’(u—6.5)
i

i

Ginoux et al. (2001) F = CSZ u®s;wo(u — ugyy)
i




Forecast products

Barcelona Dust Forecast Center Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (ug/m3) NMMB/BSC-Dust Res:0.1°x0.1° Dust Load (g/m?)
Run: 12h 09 NOV 2014 Valid: 12h 09 NOV 2014 (H+00) Run: 12h 09 NOV 2014 Valid: 12h 09 NOV 2014 (H+00)
20000 6.4
60°N 60°N
5000 3.2
50°N 50°N
2000 1.6
40°N 40°N
500 1.2
30°N 500 30°N o8
20°N 50 20°N 0.4
10°N| 20 10°N 0.2
5 0.1
o 20°W  10°W 0° 10°E 20°E  30°E  40°E  50°E  60°E o 20°W  10°W 0° 10°E 20°E  30°E  40°E  50°E  60°E
Barcelona Dust Forecast Center Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD NMMB/BSC-Dust Res:0.1°x0.1° 3h Acc. Dust Dry Depos. (mg/m2)
Run: 12h 09 NOV 2014 Valid: 12h 09 NOV 2014 (H+00) Run: 12h 09 NOV 2014 Valid: 12h 09 NOV 2014 (H+00)
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Dust optical depth at 550 nm

WMO SDS-WAS N Africa-Middle East-Europe RC
BSC-DREAMSb Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)
ra—

WMO SDS-WAS N.Africa-Middle East-Europe RC
NMMB/BSC-Dust  Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)

WMO SDS-WAS N.Africa-Middle East-Europe RC
NCEP NGAC Dust AOD
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)
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WMO SDS-WAS N Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)
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WMO SDS-WAS N.Africa-Middle East-Europe RC
IACC-ECMWF  Dust AOD

Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)
—

WMO SDS-WAS N Africa-Middle East-Europe RC
DREAMS-NMME-MACC st AOD
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)

WMO SDS-WAS N Africa-Middle East-Europe RC
UK. MetOffice Dust AOD
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)
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WMO SDS-WAS N Africa-Middle East-Europe RC
NASA GEOS-5 Dust AOD
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)
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WMO SDS-WAS N Africa-Middle East-Europe RC
EMA RegCM4  Dust Al
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)

WMO SDS-WAS N Africa-Middle East-Europe RC
DREAMABOL  Dust AOD
Run: 00h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+12)
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Dust optical Depth 550 nm. Models runtime: 21 Oct 2014




Multi-model products

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)
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WMO SDS-WAS N.Africa-Middle East-Europe RC
STDEV Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)
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MEAN Dust AOD
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RANGE Dust AOD
Run: 12h 21 OCT 2014 Valid: 12h 21 OCT 2014 (H+00)

Dust optical Depth 550 nm. Models runtime: 21 Oct 2014




Download of numerical forecasts

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

DUST FORECASTS
Dust forecasts

Sfc. Concentracion

Compared dust forecast Tz e Rules  Sharing Actions v Add new.. v State: Published w

FORECASTERS

Dust AOD 550 um

Files Download

TIME-AVERAGED VALUES

Forecast evaluation FORECAST EVALUATION

Multimodel Products REANALYSIS ecasts
DATA POLICY dust prediction models are represented for a common geographical domain using a
Search - S Wt s s
Barcelona
BSC-DREAMS8b v2.0 DOWNLOAD FILES Model website Supercomputing

netCDF format

Sl
o sepveee | mm - 3K UCAR

netCDF Q ]
NMMB/BSC-Dust DOWNLOAD FILES Model website (( ﬁ"?‘“’“‘” ~. . U n l d aTa

MACC-ECMWF DOWNLOAD FILES Model website Gnacc

DREAM-NMME-MACC DOWNLOAD FILES Model website /

NASA-GEOS-5 DOWNLOAD FILES Model website
Title Size Modified

latest - (download alf) 4.0kB  Apr 18, 2013 09:00 PM

NCEP-NGAC DOWNLOAD FILES Model website
2013 - (download all) 4.0k Apr 01, 2013 0S:00 PM

2012 - (download ali) 4.0 kB Apr 08, 2013 04:30 PM
Multimodel MEDIAN DOWNLOAD FILES Model website




Forecast evaluation with AERONET data

/ Oste s
o (A

‘ Frznrn[,\#‘ T

{Ukraine)
2

o
~ Romama3
Y (Romania)~

it
N~ (e, hAR 97 ¢

*~ Tspana
(Spain)

(<
Portuv'_;;an {Sreece)

1Chad) b4

Burkma.,
iy Faso

|Gu|naa|~‘\"Ghana Algel'l'ifQk J\;L'
"é ( ‘..i e \South ¢

)

Gabon)

Model evaluation metrics. Seasonal scores

Aerosol Optical Depth (AOD..,), Dust Optical Depth (DOD..,) and Angstrom Exponent (AE)

20

Santa_Cruz_Tenerife (Spain) - August 2012

18 A A AOD;; AERONET

O O AE AERONET > 0.6
©® ® AE AERONET = 0.6

— DODss BSC_DREAMS8b

DOD:s; MACC-ECMWF

DOD:;; DREAM8-NMME-MACC
DOD:s, CHIMERE

DOD:sp NMMB/BSC-Dust -

—  DODssp U.K. MetOffice MetUM
DODs;) NASA GEOS-5
DODs;) NCEP NGAC

DODs;) MEDIAN

16

by Francesco Banincasa — iast modifiad Mar 25, 2013 05:25 PM — Histary
Date: -SeclectYear- ¥ |-SclectSezzon- W
Dec 2012 - Feb 2013. Dust Optical Depth.
Threshold Angstrom Exponent = 0.600
BIAS
BSC_ MACC- DREAMS- NMMEB/ u.K NASA
DREAMSb ECMWF  NMME- BSC- Mat GEOS-5
MACC Dust office
Sahel/Sahara -0.18 -0.14 -0.14 -0.09 0.00 -0.08
show stations
Middle East -0.12 -0.13 -0.04 -0.22 -0.00 -0.15
show stations
Mediterranean -0.13 -0.14 -0.12 -0.15 -0.09 -0.14
show stations
TOTAL -0.16 -0.14 -0.13 -0.12 -0.03 -0.11

NCEP
NGAC

-0.03

-0.14

-0.11

-0.07

MEDIAN

-0.11

-0.13

-0.13

-0.12

Correlation coefficient
FGE

Monthly
Seasonal
Yearly




Forecast evaluation with satellite prods.

o= EUMETSAT

24 April 2013

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
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Evaluation with MODIS Deep Blue

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS DEEPBLUE AOD;;, - AUG 2013
6.4
60°N
3.2
50°N
1.6
40°N 4 o =N -
2 7 1.2
R 127 ' 7 ) & v ™ 0.8
; " e ) R
20°N j M y 0.4
10°N X = |02
d 0.1
- : V
20°W  10°W  ©0° 10°E  20°E  30°E 40°E  50°E
BIAS ROOT MEAN CORRELATION FRACTIONAL GROSS NUMBER OF
SQUARE ERROR COEFFICIENT ERROR CASES
BSC_ -0.17 0.31 0.28 0.96 42618
DREAMSbD
NMMB/BSC- -0.20 0.33 0.29 1.05 41049
Dust

NCEP NGAC -0.06 0.29 0.32 0.64 42664




Evaluation with visibility
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BAGHDAD (Irak) - April 2013

SCONC (ug/m® ) BSC_DREAMSD

SCONC (ug/m*) MACC-ECMWF

— SCONC (xg/m*) CHIMERE

SCONC (ug/m* ) DREAMB-NMME-MACC

SCONC (ug/m*) NMMB/BSC-Dust
SCONC (ug/m® ) UK. MetOffice MetUM
SCONC (ug/m® ) NASA GEOS-5

SCONC (ug/m* ) NCEP NGAC

A A SCONC (ug/m®) SAND/DUST

SCONC (ug/m* ) MEDIAN

% % SCONC (ng/m® ) HAZE

PM10 = 1339.84 V-0-67
Ben Mohamed et al. (1992)

Dust Surface Concentration - SCONC (ug/m®)

BAGHDAD, iraq

April 2013

ol
01 03 05 07 09

11

13

15 17 19 21 23

25

27

01




LIDAR — models comparison
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60 — 80 dust cases for the period Jan 2011 - Jun 2013



Capacity building

8-12 Nov 2010: Training Week on Satellite Meteorology. Barcelona, Spain

13 Nov 2010: Lectures on Atmospheric Mineral Dust and its Impact on Human Health,
Environment and Economy. Barcelona, Spain

15-19 Nov 2010 Training Week on WMO SDS-WAS products. Barcelona, Spain

22-26 Feb 2011: Training on Meteorological Services, SDS Forecast and Early Warning
System. Istanbul, Turkey

21-25 Nov 2011: 2nd Training Course on WMO SDS-WAS products (satellite and ground
observation and modelling of atmospheric dust). Antalya, Turkey

5-9 Nov 2012: Il Lectures on Atmospheric Mineral Dust. Barcelona, Spain

19-23 Nov 2012: Cours sur l'utilisation des produits satellitaires aux applications
agrometeorologiques, Niamey, Niger

26-28 Nov 2012: Workshop on Meteorology, Sand and Dust Storm (SDS), Combating
Desertification and Erosion. Ankara, Turkey

10-14 Jun 2013: Training Course on the Use of Satellite Products for Agrometeorological
Applications, Accra, Ghana

28-31 Oct 2013: Workshop on Meteorology, Sand and Dust Storm (SDS), Combating
Desertification and Erosion, Istanbul, Turkey

8-12 Dec 2013: 3rd Training Course on WMO SDS-WAS products (satellite and ground
observation and modelling of atmospheric dust), Muscat, Oman

15-16 Dec 2013: McIDAS-V Tutorial with focus on atmospheric dust cases, Muscat, Oman
5-9 May 2014: Cours sur l'utilisation des produits satellitaires aux applications
agrométéorologiques , Ouagadougou, burkina Faso

17-20 Nov 2014: 4th Training Course on WMO SDS-WAS products (satellite and ground
observation and modelling of atmospheric dust). Casablanca, Morocco



Thanks for your attention

WMO SDS-WAS Regional Center for
Northern Africa, Middle East and
Europe
http://sds-was.aemet.es
sdswas@aemet.es

Barcelona Dust Forecast Center
http://dust.aemet.es
dust@aemet.es
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