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Introduction SDS-WAS

SDS-WAS Products

o NMMB/BSC-DUST

@ Limitations and challenges
@ Multimodel Products

@ Evaluation

Burkina Faso Warning Advisory System
Calima on Canary Islands

Shamal dust event

0000

Harmattan and Bodélé Depresion
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@ Introduction SDS-WAS
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SDS-WAS History and Objectives

@ Impacts on health, transport, industry, climatology, ...
@ SDS-WAS WMO mission (2004-2007)

@ Sand and Dust Storm Warning Advisory and Assessment
System

@ Improvement of Sand and Dust Storm Observation and Forecast
@ Difusion of knowledge and products

@ Regional Centers: Beijin (Asia 2008), Barcelona (NAMEE 2010),
Barbados (America 2016-2017)
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SDS-WAS and Barcelona Dust Forecast Center

SDS-WAS Regional Center NAMEE in Barcelona

@ AEMET and BSC (Barcelona Supercomputing Center)
@ Barcelona Dust Forescast Center (Operational Center 2014)

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion
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http://sds-was.aemet.es
https://dust.aemet.es

77 memo
sdswas@aemet.es
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© SDS-WAS Products
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9 SDS-WAS Products
o NMMB/BSC-DUST
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Operational Dust Model: NMMB/BSC-DUST

NMMB/BSC-
DUST
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NMMB/BCS-DUST: Operational Products

@ Dust Surface Concentration [ug/m3]
@ Extinction [Mm~"]

Integrated or columnar

@ Dust Load [g/m2]
@ Dust Optical Depht [-] 7=1In

;
2 cost
‘bottom

Dust Deposition (3h accumulation)

@ Dry Deposition [mg/m2]
@ Wet Deposition [mg/m2]
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Operational Products

MMB/BCS-DUST

Canarias Shamal Harmattan

@ Dust Surface Concentration and Dust AOD )]

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (ug/m?3)
Run: 12h 21 MAR 2018 Valid: 00h 22 MAR 2018 (H+12)
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Barcelona Dust Forecast Center - http://dust.aemet.cs/
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD

Run: 12h 21 MAR 2018 Valid: 00h 22 MAR 2018 (H+12)
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NMMB/BCS-DUST

@ Dust Dry and Wet Deposition J

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

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° 3h Acc. Dust Wet Depos. (mg/m?) NMMB/BSC-Dust Res:0.1°x0.1° 3h Acc. Dust Dry Depos. (mg/m2)
Run: 12h 21 MAR 2018 Valid: 12h 22 MAR 2018 (H+24) Run: 12h 21 MAR 2018 Valid: 12h 22 MAR 2018 (H+24)
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Operational Model: NMMB (Non Hydrostatic Multiscale Model BGrid)

@ Daily forecast: 12 UTC run, 72 h forecast, 3 h step

@ Multiscale: 0.1°x 0.1°

@ Initial Conditions: NCEP global analysis 0.5°x0.5°

@ Boundary conditions: 6-hourly NCEP GFS forecasts 0.5°x0.5°
@ Soil Map: STATSGO-FAO

y

BSC-DUST

@ 4 soil textures: Sand fine/medium and coarse, clay, silt
@ Initial Conditions: previous 24 h forecast

@ On line coupled

@ No data assimilation (work in progress)
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9 SDS-WAS Products

@ Limitations and challenges
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Limitations: Wide range of scales

Synoptic and meso-alfa: Well captured by dust models
@ Frontal system winds
@ Synoptic winds: trade winds, Harmattan

& EUMETSAT
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Limitations: Wide range of scales

Meso-gamma and microscale: Poorly captured by dust models

@ Orographic Winds: Bodélé Depresion
@ Convection: Haboob and Dust devils
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Limitations: Local Scale emission processes

°
5200,
(a) Aerodynamic Entrainment ° Oﬁn R Q
o
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(b) Saltation Bombardment o,
£ § o
-7 . 0o Q%=
,” . “\‘ @,Ogoun ° ~ -
Sand Grain ~a ’/O oojoa

(c) Aggregates Disintegration

Dust particles: Creep and suspension
@ Direct suspension (<50 um)

@ Saltation(50-500 um) + Sandblasting: horizontal dust flux +
vertical dust flux
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Limitations: Local Scale emission processes

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

2
p Wtri Usitri
Marticorena et al. (1997) F =& gu‘:’ Z si(1+ ” )(1 - uzn)

Ginoux et al. (2001) F=cCS Z u?s;wo(u — i)
i

Wind Speed

@ Emission proportional to the 3th power of wind speed
@ Need for a very accurate wind forecast
o NMMB/BSC-DUST: Marticorena et al.
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Dust models: Limitations and Challenges

Others limitations
@ Incomplete information of soil state and nature

@ Incomplete knowledge of the physical processes involved in the
dust cycle

@ Lack of adequate and appropriate observations for model
assimilation and verification
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9 SDS-WAS Products

@ Multimodel Products
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Dust model inter-comparison
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Multimodel Products

Dust Optical Depth 550 nm. Models runtime: 21 Mar 2018

WMO SDS-WAS _N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
EDIAN Dust AOD EAN  Dust AOD
Run: 12h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+00) Run: 12h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+00)
pe— = pe—

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
AOD RANGE Dust AOD

ST us
Run: 12h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+00)
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Burkina Faso Early-Warning System (EWS)

WO SDS-WAS N ffca-Hiddle Eas Europe RC MO SOSWAS N Afica-Middle East-Europe AC
e dust Lo Burkina Faso. Expected concentration me dust

. spected concentration
N e 28 Jan 2018, vl 35 o 2015 esiet 28 Jon 2018 vl 50 o 2015

o
—p
o
VAT - Very High B [ar? - Very High
DA @ SR @DHAMT @ = e 50

SDS-WAS Regional Center NAMEE

@ Daily maximum value of the Dust SFC Concentration multimodel
median

@ Yellow: Perc 80, Orange: Perc 90 Red: Perc 97.5
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Kuwait Airport (EPS members: 10)
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9 SDS-WAS Products

@ Evaluation
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Deterministic Evaluation: AERONET
— o
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AERONET Evaluation:
Near-real-time

Monthly

Seasonally

Annually

‘Aerosol Optical Depth (A0D...). Dust Optical Depth (DOD..,) and Angstrom Exponent (AE)
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Deterministic Evalua MODIS

WMO SDS-WAS  N.Africa-Middle East-Europe RC WMO SDS-WAS  N.Africa-Middle East-Europe RC

MODIS AODsso - APR 2018 MODIS DEEPBLUE AODssg - APR 2018

MODIS Evaluation:
Monthly

Seasonally
Annually
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e Burkina Faso Warning Advisory System
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Burkina Faso
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Burkina Faso: Clima
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Burkina Faso: Precipitati

[l Warm desert climate (BWh)
[/Warm semi-arid climate (BSh)

i Tropical savanna climate (Aw)
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Burkina Faso: Health Impact

B VIGTLANGE AP FOR EHERGENCE OF WENINGITIS IN AFRICA
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Burkina Faso: WAS percentiles

Thresholds
80-pctl
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Burkina Faso: WAS

SDS-WAS: Burkina Faso

21 Mar 2018 22 Mar 2018 23 Mar 2018

“ *ap&

24 Mar 2018 25 Mar 2018 26 Mar 2018
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Burkina Faso

SDS-WAS: Burkina Faso

' 27 Mar 2018 28 Mar 2018 29 Mar 2018

a A& A

30 Mar 2018 31 Mar 2018 1 Apr 2018
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Visibility: METARS and SYNOP

WMO SDS-WAS N.Africa-Middle East-Eurape RC WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne nm 21 Mar 2018 00-06 UTC _Visibiiy reduced by airborne dust - 21 Mar 2018 06-12 uTC
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Visibility: METARS and

Burkina Faso

OP

WMO SDS-WAS N_Africa-Middle East-Europe RC

Canarias Shamal

WMO SDS-WAS N.Africa-Middle East-Europe RC

Harmattan
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WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 23 Mar 2018 00-06 UTC Visibility reduced by airborne dust - 23 Mar 2018 06-12 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 24 Mar 2018 00-06 UTC Visibility reduced by airborne dust - 24 Mar 2018 06-12 UTC
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AERONET: Banizoumbou and Dakar

Banizounbou , N 13.547, E 2,665, ALt 274 n, Dakar , N 14,394, H_ 16,959, ALt 21 n,
PI : Didier_Tanri and Jean_Louis_Rajot, Didier,Tanrefuniy PI : Didier_Tanri, Didier.Tanre2univ-lillel.fr
Level 1.5 AOD; Data from MAR 2018 Level 1,5 AOD; Data from HAR 2818
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Satellite: Suomi 20/03/2018
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Satellite: Suomi 21/03/2018
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Satellite: Suomi 22/03/2018
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Satellite: Suomi 23/03/2018
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METEOSAT RGB 22/03/2

& EUMETSAT Meteoscl 0deg Dust 2018-03-22000000 UTC

S
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Operational Model: AOD

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+00)
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Operational Model: Dust Surface Concentration

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (pg/m3)
Run: 12h 21 MAR 2018 Valid: 12h 21 MAR 2018 (H+00)
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Operational Model: Validaction AERONET llorin

llorin (Nigeria) - March 2018
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Operational Model: Validaction AERONET Dakar

Dakar (Senegal) - March 2018
20 orr
O O AEAERONET > 06 A A AOD: AERONET I

@ ® AEAERONET = 06 = DOD:;; NMMB/BSC-Dust

Aerosol Optical Depth (AOD.;,), Dust Optical Depth (DOD..,}
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ultimodel: Validation AERONE llorin

llorin (Nigeria) - March 2018

20
~—— DOD;ss5p BSC_DREAMBbD DODsso NCEP NGAC ~—— DODssg LOTOS-EUROS
—— DODss5y CAMS-ECMWF = DODss5 EMA RegCM4 == DODssg MEDIAN

1.8 —— DODs50 DREAM8-NMME-MACC ~—— DODsso DREAMABOL ‘@ AE AERONET < 06
—— DODsso NMMB/BSC-Dust ~—— DODsso NOA-WRF-CHEM O AE AERONET > 0.6

164 —— DODssg UK MetOffice MetUM === DODssq SILAM A AODsso AERONET

DODss0 NASA GEOS-5

Aerosol Optical Depth (AODssg), Dust Optical Depth {DODssg) and Angstrom Exponent (AE)
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ultimodel: Validation AERONE Dakar

Dakar (Senegal) - March 2018

20 T
~—— DOD;ss5p BSC_DREAMBbD DODsso NCEP NGAC ~—— DODssg LOTOS-EUROS
—— DODss5y CAMS-ECMWF = DODss5 EMA RegCM4 == DODssg MEDIAN

1.8 —— DODs50 DREAM8-NMME-MACC ~—— DODsso DREAMABOL ‘@ AE AERONET < 06
—— DODsso NMMB/BSC-Dust ~—— DODsso NOA-WRF-CHEM O AE AERONET > 0.6

164 —— DODssg UK MetOffice MetUM === DODssq SILAM A AODsso AERONET

DODss0 NASA GEOS-5

Aerosol Optical Depth (AODssg), Dust Optical Depth {DODssg) and Angstrom Exponent (AE)
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0 Calima on Canary Islands
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Meteorological situatio

ANALISES DE SUPERFICIE
Vilida para ol 2038

oarurs,
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Weather Report and METARS GCTS

Weather Report 28/03/2018 00UTC

@ Situation: Low-pressure area to the south of the Canary Islands,
wind from the east and south-east over the islands with African
airborne dust.

@ Evolution: Calima situation will persist.

280500Z VRBO2KT 9999 FEWO035 19/14 Q1017
280800Z 00000KT 4500 HZ NSC 20/14 Q1017

281100Z 06008KT 030V090 1800 HZ VV011 28/03 Q1018

281400Z 09009KT 060V130 1400 1100SW HZ NSC 29/M00 Q1016

281700Z 08010KT 050V110 2400 HZ NSC 28/M01 Q1015
282000Z 06009KT 3500 HZ NSC 27/M01 Q1015
282300Z 06012KT 3000 HZ NSC 28/M04 Q1015
290200Z 08013KT 5000 HZ NSC 23/M01 Q1014

290500Z 05013KT 8000 NSC 24/M02 Q1013
2909307 07018KT CAVOK 23/10 Q1016 WS ALL RWY
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Visibility: METARS and SYNOPS

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by alrborne dust - 28 Mar 2018 00-06 UTC

o e~ =t T
TW 10W 00 W0E 20F NE QF WE BE
e <lkm @ 1-2km 2-5km 4 uncertain

WMO SDS-WAS N.Africa-Middle East-Europe RC
Vlsthlllly reduced by airborne dust - 26 Mar 2018 12-18 UTC
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InDust Training School Aveiro, Portugal

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by alrborne dust - 28 Mar 2018 06-12 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC
Vlsthlllly reduced by airborne dust - 26 Mar 2018 18-24 UTC
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ality Station: Granadilla 634 m PM10 [

Grafica Datos Histéricos (27/03/2018 - 29/03/2018)

- /*\/ \/’\

[}
27-mar, 00:00 27-mar, 12:00 28-mar, 00:00 28-mar, 12:00 29-mar, 00:00 29-mar, 12:00 30-mar, 00:0

Fechas

— Granadilla - Particulas en suspensin < 10um
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Polar satellite: Aqua Modis 28/03/2018
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Polar satellite: Aqua Modis 29/03/2018
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METEOSAT RGB 28/03/2018
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Operational Model

Canarias

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

NMMB/BSC-Dust Res:0.1°x0.1°

Dust Surface Conc. (pg/m3)

Run: 12h 26 MAR 2018 Valid: 12h 26 MAR 2018 (H+00)
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Operational Model: Cross Sectio

http:/ fwww.bsc.es/ projects [earthscience/ NMMB— BSC—DUST/
NMMB/BSC-Dust Dust Concentration (pg/m3), Wind, Pot.Temp. LON = 16.25°W

00h forecast for 12UTC 28 MAR 2018
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Operational Model: Validation AERONET

Santa_Cruz_Tenerife (Spain) - March 2018
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2.0

Itimodel: Validatio

AERONET

Santa_Cruz_Tenerife (Spain) - March 2018

DODssq BSC_DREAMBD
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WAS Ensemble gramas AOD and Dust SFC

Granadilla (EPS members: 10)
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WAS Ensemble: Probability maps

SFC probability of exceeding 100 ug/m*

SFC probability of exceeding 50 pg/m*
Date: 20180328 Leadtime: D1 Resolution: 0.5°

Date: 20180328 Leadtime: D1 Resolution: 0.5°

Number of mo 100 Numbr of mO}ieIs: 1 100

: 90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0
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SDS-WAS Ensemble: Probability maps

SFC probability of exceeding 700 pg/m*

SFC probability of exceeding 700 pg/m*

Date: 20180327 Leadtime: D1 Resolution: 0.5° Date: 20180327 Leadtime: D2 Resolution: 0.5°
Number of models: 11 100 Number of models: 11 100
— 7R R 2 s
- >
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80 80
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e Shamal dust event
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Shamal dust event

Saudi Arabia

Fuente: By Pcirrus - Own work, CC BY-SA 3.0
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Polar satellite Suomi: VIIRS 27-28-29-30-31/07/2018
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Meteosat RGB 26/07/2018

mO8 DUST 2018-07-26 04:00UTC
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Operational Model Dust Surface Concentration: 26/07/2018

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (ug/m3)
Run: 12h 26 JUL 2018 Valid: 12h 26 JUL 2018 (H+00)
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Operational Model Dust AOD: 26/07/20

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 26 JUL 2018 Valid: 12h 26 JUL 2018 (H+00)
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Visibility METARS and SYNOPS 26-27-28-29/07/2018

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 26 Jul 2018 00-06 UTC Visibility reduced by airborne dust - 26 Jul 2018 06-12 UTC
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METARS

Kuwait Airport OKBK

2708007 35027KT 0400 R15R/0325V0650N R33L/0275V0750D
R15L/0800VP1500N R33R/0325V1000U DS NSC 43/05 Q0998
271200Z 35025KT 1500 R15R/1000VP1500N R33L/0800V1300U
R15L/P1500U R33R/P1500U +BLDU NSC 46/07 Q0996

2720007 34022KT 0800 R15R/P1500U R33L/P1500U
R15L/P1500N R33R/P1500U -DS SKC 38/10 Q0997

| \

Ryhad Airport OERK

2708007 35024G34KT 0500 DS VV010 40/01 Q1007
271700Z 35023KT 0500 DS VV/// 39/M03 Q1005
281500Z 35019KT 1000 BLDU NSC 40/M0 Q1003
2822007 29004KT 5000 DU NSC 32/M02 Q1005
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Kuwait Airport (EPS members: 10)
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e Harmattan and Bodélé Depresion
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Harmattan and Bodélé Depresio
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[ 600 - 800
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Fuente: Meteorological causes of Harmattan dust in West Africa W. Schwanghart , B.
Schutt
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Harmattan and Bodélé Depresio
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Fuente: Meteorological causes of Harmattan dust in West Africa W. Schwanghart , B.
Schdtt
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Polar satellite Aqua and Terra: Modis 02/01/2007
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Polar satellite Aqua and Terra: Modis 29/03/2018

MIGER
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Meteosat: RGB 29/03/2018
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Visibility: METARS and SYNOPS 29/03/2018

WMO SDS-WAS. N.Africa-Middle East-Europe RC WMO SDS-WAS. N.Africa-Middle East-Europe RC
Visibility reduced by alrborne dust - 29 Mar 2018 00-06 UTC Visibility reduced by alrborne dust - 29 Mar 2018 06-12 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Vlsthlllly reduced by airborne dust - 29 Mar 2018 12-18 UTC Vlsthlllly reduced by airborne dust - 29 Mar 2018 18-24 UTC
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Visibility: METARS and SYNOPS 31/03/2018

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by alrborne dust - 31 Mar 2018 00-06 UTC Visibility reduced by alrborne dust - 31 Mar 2018 06-12 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
Vlsthlllly reduced by airborne dust - 31 Mar 2018 12-18 UTC Vlsthlllly reduced by airborne dust - 31 Mar 2018 18-24 UTC
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AERONET (AErosol RObotic NETwork): Fotometros solares

Banizounbou , N 13°32”27", E 02°39”54", AlL 250 n,
PI : Didier_Tanri and Jean_Louis_Rajot, Didier.Tanre@univ-lillei.fr and rajot2ird.ne
Level 1.5 ROT; Data from HAR 2018

Version 2 DS

Rerosol Dptical Thickness
AERDNET Project, MASA GSFC

bo-> lo1 2 b3 la4 b5 6 187 b3 g e hi b2 iah4hs e b7 he habe b1 b2 b3 babs be b7 ba ba e b1 le1 82 b3 b4 5 a6 b7 e e
AR PR
[Tine{uTC) 2018
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operational Model

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 29 MAR 2018 Valid: 12h 29 MAR 2018 (H+00)
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Thank you for your attention

http://sds-was.aemet.es
https://dust.aemet.es

@,) NORTHERN
==

R S ama
sdswas@aemet.es
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