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BSC Earth Sciences Department

Environmental modelling and forecasting

How

Develop a capability to model air quality
processes from urban to global and the
impacts on weather, health and ecosystems

Implement climate prediction system for
subseasonal-to-decadal climate prediction

Develop user-oriented services that favour
both technology transfer and adaptation

Use cutting-edge HPC and Big Data
technologies for the efficiency and user-
friendliness of Earth system models
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Why

Our strength ...
.. research ...
... operations ...
.. services ...

... high resolution ...
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Air Quality Modelling

CALIOPE
(www.bsc.es/caliope)

* Quantify relation between
emissions, meteorology and air
concentration

* Forecast air pollution episodes

* Provide and develop short and
long term mitigation plans

Domains:
Europe (12 km, 480 x 400 cells)
Spain (4 km, 399 x 399 cells)
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NMMB-MONARCH:
Atmospheric Composition and Air Quality

- The main system is build on the meteorological driver NMMB

- Multiscale: global to regional scales allowed (nesting capabilities)

- Nonhydrostatic dynamical core: single digit kilometre resolution allowed
- Fully on-line coupling: weather-chemistry feedback processes allowed

- Enhancement with a data assimilation system

Known as NMMB/BSC-Dust
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NMMB-MONARCH: Data Assimilation

observations

NMMB-MONARCH coupled with a

Local Ensemble Transform Kalman 5B
Filter (LETKF) for the assimilation of E_m
aerosol optical depth observations * BRI

ensemble mean analysis

[
»

analysis-initialized
forecast

Dust AOD (550nm), Control Simulation Dust AOD (550nm), DA Simulation

Mineral dust application

The ensemble forecast is based on
uncertainties in the dust emission
scheme

- vertical flux,

- size distribution at emission  wem

- threshold on friction velocity ZEETT AERONET Validation
(DiTomaso et al., GMD, 2016) 5|
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Mineral Dust modelling: Dust sources

Matural

Understanding of he
mineral dust sources
Natural and anthropogenic
based on MODIS Deep

Frequency of Occurence Dol > 0.2

Anthropogenic (agricultural)
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Mineral Dust modelling: Topography
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Mineral Dust modelling: Topography

Impact of the topography on dust transport

MSG/RGB March 19, 2012

19 03:00

19 18:00

(Basart et al., Aeolian Research, 2016)
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Mineral Dust modelling: Topography

17 Mar 201212UTC 18 Mar 2012 12UTC

19 Mar 2012 12UTC 20 Mar 2012 12UTC

Two simulations using the
NMMB/BSC-Dust model
demonstrates results demonstrate
how the dust prediction in the
vicinity of complex terrains
improves using high-horizontal
resolution simulations.
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NMMB/BSC-Dust 19-March-2012 18UTC

NMMABLC Oust Dust Congentr aton | Wl Wind, Pot Termg LAT = 240" NS, B5C Dust Dust Concertration (LUgm*) Wind Pol Temp LAT = 24 0°N
forecast for 1AUTC 19 MAR 2012 forecast for 1BUTC 19 MAR 2012
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(Basart et al., Aeolian Research, 2016)
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Mineral Dust modelling: Haboobs

MSG/SEVIRI RGB dust product

14:00 UTC 14/07/2011

At the beginning of a cold pool
outflow formation

MSG/SEVIRI RGB dust product ..

10:30 UTC 15/07/2011

The haboob (pink) extends for
hundreds of kilometers

MODEL CONFIGURATION

MSG/SEVIRI RGB dust product
22:00 UTC 14/07/2011

The habaob (pink) separates from it§
originated thunderstorm (red) and
moves northwest

MSG/SEVIRI RGB dust produc(
22:00 UTC 15/07/2011

The haboob propagation Stops after
more 24 h and 1000 km covered (size
of the Iberian Peninsula

Surf. Dust Concentration (uy'w" ). Wind (ki) Dust Cone. (pg/=" ). Wing (kt), Pot. Temp. (X)
J2UTC 14 & 2 = 22UTC 14 JUL 2011 - LAT = 185N
: - s -
8 I

Termperature 2m (K). Wind (kt) Temperature (K), Wind (kt). For. Temp. (K)
J2UTC 14 JuL 2011 - Tt UTC 14 JUL 2011 - LAT = 18.3 N
- 2

Vertical Velocty (mvs) 12th layer, Wind (it} Vert. Velo. (mis), Wind (kt), Pot. Temg. (K)
__22UTC 14 jut 2011 yerQFUTC 14 JR 2011 - LAT = 18.5 N _

Study domain: 6°W-10°E to 15°N-312N

Study period: from 14 to 15 July 2011

Horizontal resolution: 0.032x0.032 (about 3 km) — allowing explicit
convection

Vertical resolution: 60o-layers (12-150-layers in the first 1000 m)
Cold start (No data assimilation)

Wing Speed (mds), Wind (kt), Por. Temg. (K)
- JIUTC 14 (A 2011 -LAT = 189N
- %
] 1

(Vendrell et al., in preparation)




Mineral dust Services

BSC dust operational forecast
(global and regional domains) e el
http://www.bsc.es/ESS e et o
v’ Contribution to the ICAP multi-model ensemble

(global) http://icap.atmos.und.edu g

Barcelona Dust Forecast Center - http://dust.aemet.es/
u S e n e rs NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
. ) o2 >
“Jeo

SDS-WAS. North Africa, Middle East and Europe
Regional Center. http://sds-was.aemet.es
started in 2010 — Research e

Barcelona Dust Forecast Center.
First specialized WMO Center for mineral dust prediction.
http://dust.aemet.es started in 2014 - Operational
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BSC dust operational forecast

NRAR/BSE D

NMMB/ESC-Dust Dust Load (g/w" ) and 700 hfa Wind MMMBBESC-Dust Total Cloud Cover
IMMWWITEIH it 2017 Lin forecast for GEUTC 16 Ot 2017 . ‘. %Iﬂ"'_._' .|
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160 mis |

| NMMB/BSC-Dust

Chesai ok & cloudminge

| Durst Optical Depth & Cloudiness
Daest Dry & Wl Deposition
Darst Surface Conc. & Prec - MSLP
Drgst concantragion profies
Durst Verlical cross sections

Bf 1 I I N A A A RO NGB i —]

http://www.bsc.es/ESS
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The WMO SDS-WAS project

W"'nrld Pu'1ptenrmnr;n al Organization
Wi=ather « Climste » Water

HOME

COETRALT BE (L

WMO Sand and Dust
and Assas

(sq
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The 5D5: WAS pmgramiim ar WMo
SD5-WAS was esk al:: sh=d in Lll.ur |r' respo
Eo improve capatilit far me alatsla
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rigiong, Tha S |."|IH. niegrateds rosoarch
agri l..t ral users :u ".--5._-, iz establishd
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is to achieve comprehens e coording

cabtsne-ar':lad:lus storms in o
albarms to moreasa the anden !.||II of
capabiitizs.

SO5-WAS
Science and I

OBJECTIVES:

Identify and improve products to
monitor and predict atmospheric
dust by working with research and
operational organizations, as well
as with users

Facilitate user access to
information

Strengthen the capacity of
countries to use the observations,
analysis and predictions provided
by the WMO SDS-WAS project
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The SDS-WAS Regional Centers

-120 -90 -60 =30 0 30 60 a0 120 150

0 ) 14 26 o6 112 365

Annual mean frequency distribution of M-DB2 (2003—2009) DOD > 0.2 (red), TOMS (1980-1991) aerosol
index 2 0.5 (blue), and OMI (2004-2006) aerosol index = 0.5 (green). The isocontours of TOMS and OM| have
been removed over oceans for clarity.

Barcelona
( Supercomputing Extracted from Ginoux et al. (2012, Rev. Geophys.)
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SDS-WAS NAMEE RC

"k NORTHERN AFRICA MIDDLE EAST: EUROPE (NA-ME-E) REG|BNAL CENTER
"qj 0 Sand and Dus Advisory and Assestimg

W 3 e
Meccarsiogical P l.I'J|| L""ll"-r I'-"-

| ERRECAST & 1Ml s | PROIECTS & WESEARCH

Yuu are bere: Homse

Home
o Northern Africa- Mde:I]JEEast—Em'upE (NA-ME-E) Regional Center
Ty Prancmwe:Bawiiicars — Lt sur

Forecast & Products

Chststanding Sulbseribe iy the Puldic Newsletter!
Projecis & Research

Adhlressing Sond and Dhst Sionms i Sustamable o be informed about pur activities, news and events relmted
Materinks Drevelopment Grals Implementation to dust, Freguency is almost monthiy.
News WMO L Int nal Conference | Full Name |

dlumst w2 i i Telsan

| “faur email |

Events

SE-WAS will cotabale to UN Conference oo sand and

dust saomms to be beld in Tehrm .IE\. LIgscribe III-
Search

New members of the SD5-WAS Hegional Steering Grop for

] @EET&‘ MNorthen Africa, Middie East anel Europe
) - Portol mamnanl
fith Training Cowrse on WMO SDS-WAS Products (Satellite
Latest News = i I he
mnd Grenmd Obaervatien and Modelling ol Atmospheric Fierag fnda el momal fea
Asmeaphere. 5 § issue "Studying hoica
the effects of dus on weother”
1 30, 200 T Dhust ferecasis

fust depositzon on whear

Poper un the pulsating nature of large- b
scale Sabaran dust ranspar

Ot 17, 2007

Upeoming Events am

Inemationa Weorkshop on Midkdle ol | i " o i 3
{Regsonal ) Dust Soarces and d sV iy
Their Impacis r T
1 T, 3007 - Ot 2%, 2017 — Ifsbul,
Curkey Camparcd Dust Farecasis Forecasi Evaluation
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SDS-WAS NAMEE: Dust Forecasts

Dust prediction models provide 72 hours (at 3-hourly basis) of dust forecast
(AOD at 550nm and surface concentration) covering the NAMEE region.

(@ Ct;:pemicus

AW crrvunnn

Sy JLLTULUL Met Office

&6 PR BN “'ﬁy,

& ncer)

A ECYPTIAN
» METECROLDGICAL

Barcelona
Supercomputing
Center
. Sl MScior) o SupeereamreScitel | Agencia Estatal

MODEL 'II'RI:.\l/Il\IlE DOMAIN DATA ASSIMILATION
BSC-DREAMSb 12 Regional No
CAMS ECMWEF 00 Global MODIS AOD
DREAMS8-NMME 00 Regional CAMS analysis
NMMB/BSC-Dust 00 Regional No
MetUM 12 Global MODIS AOD
GEOS-5 00 Global MODIS reflectances
NGAC 00 Global No
RegCM4 EMA 00 Global No
DREAMABOL 12 Regional No
WRF-CHEM NOA 12 Regional No
SILAM 12 Regional No
LOTOS-EUROS 12 Regional No

http://sds-was.aemet.es/
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BSC-DREAME v20

CANS-FCMWF

SDS-WAS NAMEE:

DREAN-NMME-MACC

NAMMBRSC-I

NASA-GEOS-

: 2017 -
NCEP-NGAC
2016
DEEAXARO M5 -
2014 -
EMA-ReqiMd
2013 -
2012 -
Barcelona
Supercomputing

Center
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PUBLEC Fies

Bar=riang

Mnde] websiie (

RESTRICTED Fllis —
PURLIC Files
RESTRICTED Elles Minilel websie (_Dm : UE
PUBLIC Filles
Moded website o7 Orrunnn

RESTRICTED Files == JLLTUUDL

Sirs M odified
Latest - fdownload ali) 40 kB Cct 19, 2017 Li:A0 PAe
(dwnloed all) 40 kB Chot 03, 20017 10:40 PM
- {downioed ali) 40 kR Dec (03, 2006 10:40 P
(drwvmiosd all) 40 EB belar 07, 2016 12:49 PM
(dirwnitoad all) 4.0 kR bdar 07, 2016 12459 Ph
(divwniozd all) 40 kB Mar 07, 2006 12:49 PM
(downlogd all) 40 kR blar 07, 2016 12:45 PM
11 “”W‘ UCAR
netCDF f‘
unidaTa
S p3)
Aimer B

LV

MPUISCINt  Agencia Estatal de Meteorologia e

Files Download

= Daily forecasts of dust
surface concentration and
dust optical depth will be
displayed on a page together
with a menu to allow
visualization of the archived
products and/or download of
the numerical files for a
selected range of dates.

= Access to the download

pages shall be restricted to
those groups that authorize
the exchange of their own
data.

Needed registered user!

http://sds-was.aemet.es/
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SDS-WAS Multi-model

Dust Surface Conc.
from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

SDS-WAS product

((@ Gpernicus

27 crrupen

S JLLYLULL Met Office

WMO SDSWAS M Africa-Middie East-Europe RC
DREAMB-NMME-MACC Dust Surface Concentration (jxg/mt)
12h 13 OCT 2017 (H+12)

WMO SDS-WAS N Alrica-Middle East-Europe RC WMO SDS-WAS  NAfrica-Middle East-Europa RC

Q)
12h 13 OCT 2017 (He12)

WMO SDSWAS N Africa-Middla East-Europe RC
NASA GEOS-5  Dust Surface Concentration (Lg/m’) NCEP NGAC _Dust Surface Concentration
OCT 2017 (He12) Rus id: 12 15 OCT 2017 (He12)

WMO SDS-WAS N Africa-Midale East-Europa RC
NMMB/BSC-Oust  Dust Surface Concentration (Lig/m?)
fun: 12h 15 OCT 2017 Va 2017 (H+00) Run: 00h 15 OCT 2017

20000
“n

s000
o

2000
on
ou

200

EGYFTIAN
METECROLDSICAL AUTHORITY

T BT

R F T 0 Wt ot W

WMO SDS-WAS N Africa-Middie East-Europe RC
EMA RegCM4  Dust Surface Cancentration (Lg/m’)

WMO SOSWAS N Africa-Middle East-Europe RC
DREAMABOL _ Dust Surface Concentration (ug/m?)
Run; 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

WMO SDSWAS  N.Africa-Middie East-Europe RC

NOA WRF-CHEM Dust Surface Concentration (ug/m¥)
Run: 12h 15 OCT 2017 valig: 12 15 OCT 2017 (H+00)

Run: 00h 15 OCT 2017 Valid: 12h 13 OCT 2017 (H+12)

| || | | || | | || | | ||
¥
2

12 Global — Regional models r -] MEDIAN
(from ~ 100 to 10 km) I :
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SDS-WAS Multi-model

Dust Optical Depth at 550nm

SDS-WAS product

EGYPFTIAN
METEGROLOGICAL AUTHORITY

ST

@ Gpernicus

27 crrueee
S JLLYLULL

12 Global — Regional models
(from ~ 100 to 10 km)
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from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

WHO SOS-WAS_ N.ATTicariddle East:Euroge RC
REAMED Dust ADD
Run: 12h nncnnn Valid: 12h 15 OCT 2017 (H+00)
ra—— - @ 3 T

WMO SOS-WAS N Africa-Middle East-Europa RC
NMMB/BSC-Dust _ Dust AOD

Run: 17h 15 OCT 2017 valid: 121 13 OCT 2017 (H+00)

e

-
rac e

—
W W oW o BT Wt BT

WMO SDS-WAS N Africa-Middie East-Europe RC
EMA RegCM4  Dust AOD

Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

—— SRy

Wi ol %1

WMOQ SOS-WAS N Africa-Middie East-Europe RC
s Dust AOD
12h 13 ocT 2017

i

WHMO SUS-WAS N Africa-Middie East-Europe RC
CAMS-ECMWF  Dust AOD

WO SOS-WAS WAica-taiddie East-£urope BC
NASA GEOS-5  Dust

Run: 00h 13, 0CT 2017 Valid: 12h 15 OCT 2017 (H+13)
e Ty T

o 000 13.0CT 2017 Vebd: 130 13 64T 2017 (H912)

"W W & T mT B BT BT

WMQ SDSWAS N.Africa-Middie East-Europe RC
DAEAMAE Dust AOD

Wt 6018 657 2017 Valls 12018067 20170441
——

WMO SDSWAS N Africa-Middie East-Europe AC
MEDIAN _Dust AOD
17

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

WMO SDSWAS N Africa-Middle East-Europe RC
DREAMB-NMME-MACC  Dust AOD
Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

WHO SO5-WAS N.AVice-tadcle Ean-Eurape BC
NGAC Dust
s 00n 13.0CT 3017 vald: 12 l)(‘(l)vlilnlln

E S L WL W

WHOSOSMAS W.Mrica Waddia Rast Srope
A WRF-CHEM Dust AOO

Run: 120 no(nun Vaid: 12h 13 OCT 2017 (H+08)

o -

MEDIAN




SDS-WAS NAMEE: Multi-model

Surface concentration Dust AOD at 550nm

WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN  Dust Surface Concentration (ug/m?) MEAN Dust Surface Concentration (ug/m?) MEDIAN Dust AOD MEAN Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)
—~—— = S . — o - N i e —
i . €5 R 20000 20000 P - = %_‘ 6.4 g 6.4
5000 5000 32 32
50°N S0°N 50°N
2000 2000 16 16
20°N 40°N 40°N
500 500 12 12
N 200 200 on, “wl 0.8 st 0.8
20°N 50 50 20°N i ‘ 0.4 20°N 0.4
-l
10°8 20 = 10°N X :; 02 10 o2
@
= i, s s ST o1 = r\( 01
"W W & I0E 20°F WE WE SE 20W 10'W  0°  10't 20°€  30°E  40'E  S0'E "W oW o 10°F 20F  E WE SOF CCHW oW & 10°F 20°E 30°F &'E S0
WMO SDS-WAS N_Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC WMO SDS-WAS N.Africa-Middle East-Europe RC
STDEV  Dust Surface Concentration (pg/m?) RANGE Dust Surface Concentration (pg/m®) STDEV  Dust AOD RANGE Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H-+00) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)
20000 6.4
5000 32
2000 16
500 12
200 0.8
50 0.4
20 0.2
s 0.1

o £15
20'W  10°W o 10°E  20"E 30°E 40°E S0'E

from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

Model outputs are bi-linearly interpolated to a common 0.52x0.52 grid mesh. Then, different multi-
model products are generated:

CENTRALITY: median - mean
SPREAD: standard deviation — range of variation

Barcelona
Supercomputing T /Vl
Cenitra Mationa! dv Supsrcamplacion Agencia Estatal de Meteorologia
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SDS-WAS NAMEE: Multi-model - ICAP

I
Dust AOD at 550nm Only global models!

from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

WMO SDS-WAS N.Africa-Middle East-Europe RC ICAP Multi Model Ensemble
MEAN Dust AOD MEAN Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
i i 6.4
3.2
1.6
1.2
0.8
0.4
0.2
0.1
WMO SDS-WAS N.Africa-Middle East-Europe RC ICAP Multi Model Ensemble
STDEV Dust AOD STDEV Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
o % 2R~ 6.4 i 6.4
60°N . > e

3.2 32

50°N
16 1.6

40°N
12 12
N 0.8 0.8
20°N 0.4 0.4
10°N 0.2 0.2
0.1 0.1

Barcelona
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SDS-WAS NAMEE: DOD Model Evaluation

Evaluation with AERONET data
e Graphical NRT Evaluation by site
* Evaluation scores monthly/seasonal/annual
and sites

WHO SDS-WAS N M ca-Middie Easl-Eurape RC
MODIS ADD,, - 2016
- -~

Evaluation with MODIS data onto the Atlantic
» Evaluation scores monthly/seasonal/annual

GUD

Evaluation of dust models with MODIS Deep Blue retrievals «
» Evaluation scores monthly/seasonal/annual ’

W
o
0%

o .

http://sds-was.aemet.es/forecast-products/forecast-evaluation

HU( l)fH‘

]

Barcelona

*"\
i‘if.f.’f""' = - Amet @

) e Sapercampulscidvt | Agencia Estatal de Meteorologia
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SDS-WAS NAMEE: DOD AERONET Evaluation

Aerosol Optical Depth (A0D...). Dust Optical Depth (DOD..,) and Angstrom Exponent (AE)

20

18

16

14

12

10

Santa_Cruz_Tenerife (Spain) - March 2016

>

5 ¢ AE AERONET > 0.6 — DOD.,, DREAMB.NMME.MACC  — DOD:;, EMA RegCM4
® @ AE AERONET = 08 — DOD::;, NMMB/BSC-Dust DOD-5, DREAMABOL
A A AOD;; AERONET DOD:y UK MetOffice MetUM DOD-;, NOA-WRF-CHEM
— DOD;;BSC_DREAMSb . pOD.,, NASA GEOS-5 — DOD.; SILAM
— DOD:;, CAMS-ECMWF DO Dy NCEP NGAC =« DODy; MEDIAN
0
; ;]
g 8 & &
J 0 7 &
o Qv 7
t') o]
o L
]
o
° A
0
A
[ ]
L]
L ]
L
An b Aapt
21 23 2% 27 29 31 01
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SDS-WAS NAMEE: DOD AERONET Evaluation

T g e o Y TR o E——

A set of evaluation metrics are
selected: Bias, RMSE,
correlation coefficient and
FGE

Calculations evaluation
metrics are done for:

=  monthly/seasonal/annual
= sites and regions

Barcelona

Supercomputing

Center

Centra Mationa! de Supwoampulacitn

Agencia Estatal de Meteorologfa

Date: | - Select Year- ¥
BIAS

n

[EE KA
Sahrl Sahara -I.30
shirw stostiomns
Mlirldle East 012
thoww simione
Mediterranean -0.16
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SDS-WAS NAMEE: DOD MODIS Evaluation
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SDS-WAS NAMEE: Model Evaluation
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NOTE: There is available an historical archive of the MSG RBG dust products.
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SDS-WAS NAMEE: Model Evaluation

New observational datasets for model evaluation in Northern
Africa and Middle East

= Visibility
= MSG/SEVIRI
= MODIS

u OM I A ¢ - ,"; LA 0
MODIS composite 81" March 2015 from EOSDIS World Viewer

|

CALI PSO Micro Pulse LIDAR - Sta. Cruz de Tenearife 08 Dec

2011

= PARASOL
= MPLNET -
= PMy,

UTC (hours)
http://sds-was.aemet. ES/ 28
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SDS-WAS NAMEE: Studies

Model Intercomparison: European dust outbreak on April 2011

e .
MSG/SEVIRI RGB product 7 April
Courtesy of EUMETSAT

= The selected dust event corresponds

to the one which occurred between
the 5t and 11t of April of 2011.

Participating models: BSC-DREAMS8Db,
NMMB/BSC-Dust, ECMWF-MACC,
UKMetOffice-UM and NMME-
DREAM-MACC

Comparison of each forecast (at 24,
48 and 72h) output to in-situ
measurements of AOD (from
AERONET), surface concentration
(PM) and satellite retrieved AOD
(MODIS, CALIPSO) and meteorology.

(Huneeus et al., ACP, 2016)



SDS-WAS NAMEE: Studies

Model Intercomparison: European dust outbreak on April 2011 - DOD
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(Huneeus et al., ACP, 2016)



SDS-WAS NAMEE: Studies

Model Intercomparison: European dust outbreak on April 2011 - Emissions

ECMWF/MACCIT-Dust. NMMB/BSC-DUST BSC-DREAMED DREAME-NMME

07/04

2003 2.005 0.009
0004 007 0.01

(Huneeus et al., ACP, 2016)



SDS-WAS NAMEE: Studies

Model Intercomparison: EU-EARLINET vertical dust profiles: 2011-2013
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SDS-WAS NAMEE: Studies

The extreme dust storm occurred in Tehran
(Iran) on 2" June 2014 lasting less than 2
hours according to public evidence.

Based on public news, the dust storm caused
several deaths, reduction of visibility to several
tenths meters in the city, and adverse
disturbance of the public traffic. The blowing
wind reached 110 km/h.

This project aims to better understand
generation and development of small-scale
dust storms contributing so to exploring a
potential of dust models to more accurately
simulate such events, considering them as the
most difficult ones to be operationally
predicted.




Iranian Haboob: Teheran 2" June 2014

Information from reports

* reached city at 5.30 p.m. local time;

* passing of the sand storm over the fixed site lasted about 15min;
* storm duration less than 2h;

* reduction of visibility to ~10m; wind velocity reached 110 km/h;
e temperature dropped from 33 to 182C in several min;

* atleast 5 deaths, 82 injured; multiple vehicle collision;

Location of METAR data

[re—
[Tt

Barcelona
Supercomputing
ol T (Vukovic et al., in preparation)



Iranian Haboob: Teheran 2" June 2014

Intensive cold
downbursts from
convective cells
produced high velocity
surface wind, creating
cold front which was
lifting, mixing and
pushing dust towards
the city;

Expected: high wind speed, drop in temperature, rise in
humidity, rise in pressure, reduction of visibility.

Barcelona
Supercomputing
- A (Vukovic et al., in preparation)



Iranian Haboob: Teheran 2" June 2014

*
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SDS-WAS NAMEE: PM10 Evaluation

AMMA network: PM

10 in Sahel for the year 2013

liso

: . 4 Not all PM10 is dust: Local and biomass burning from
T, =~ | Savannah fires.
% Q"“ e S Dust filter: Considering the localizations of the desert
wEL 5 RPTAY. - ut s dust sources the filter is based on wind direction.
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SDS-WAS NAMEE: PM10 Evaluation

ANNUAL VARIATION in Cinzana
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SDS-WAS NAMEE: PM10 Evaluation

AQ network: Canary Islands 2013-2014

Not all PM10 is dust: Local sources

Dust filter: Moving 40th percentile of 30 days,
15 days before and 15 days after (Escudero at
al. 2007).
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SDS-WAS NAMEE: PM10 Evaluation

PM10-40th

00 01 p
105F——22 03
Oy
} 2,
S
90}
\\Eo' CD,)
%
N 5 %,
15§ \,\ Oq
\\00
60} \
N
45 \D
\\C)
\'®
30 b \'\
k. ® \

o
-

0 15 30 45 60 715 9 105

Standard deviation
Supercomputing
Center

o Matona! de Supercampulacitv

AQ network: Canary Islands 2013-2014

00 01 02 . PM10-40th
135 = ‘—.g“od
< n\\‘,)‘j
120 ¢ N G
o »,"
105 \\0 U,
\< a,
90 \G
Ng
7%
. L] \\
. \o
60 \@
\o
45 A\ D
\V
- ) \
30 .
P‘. -
\o
15 L |
1
0 - A - -
0 15 30 45 60 75 90 105 120 135

Standard deviation

00 03

140 ¢

100 }

80 }

" L n P n
20 40 60 80 100 120 140

PM10-40th

02
—103
Q¢
Qs

Standard deviation

i 00 01 0.2 PM10-40th
180F <03
- __\qd
160 ~Zs
G G
\.\C %,
140 o %,
N> Y,
N 7
120 \ o
@
100 £
o \
80 \%
\o
60 \'e
Py \V*
40 ™ \
) \o
20f X 12
1] ¢ iy Al 4 Al i P .J
0 20 40 60 80 100 120 140 160 180

Standard deviation

‘HF N EE:

Reference

CAMS

Median

NGAC
NMMB/BSC-Dust
BSC-DREAMS8b
GEOS-5
DREAM8-NMME

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



AQ network: Canary Islands 2013-2014

= 100,
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SDS-WAS NAMEE: PM10 Evaluation
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

NRT visibility evaluation: 6" April 2016 0-12UTC

VIMO SOS-WAS N Africa-Middle East-Europe RC
Viibility reduced bﬂy l-fboml duﬂ STATIOPE

20 10w o 10 20°E 3I0°E 40'E SO'E €0'E

Barcelona
Suporeompudng

Cwntrs ‘J:u o) de Superoampscitn

30*°N

" Sow iow & 10°€  20°E 30°t 40°t S0°E GO'E

WMO SDS-WAS N Africa-Middie East-Europe RC
Vmbollty reduced by airbormne auu 06 Anr 2016 00-06 UTC

Q §
x.’. .f‘\—,'"',' F
P - ” _\_jf’
< : '~ 1
» T ™ T ~ 4
v = a\ _ ' \
} . e Ly X
U SZ < N 3~
< wi
, £ AVEEREY
L ‘. \ -
{ AAN -
~~ — Y
\ o, 1 2 }
¢ e | \I' p-
=4y %
f [ s-

& uncertain ® <1km ® 1-2km 2-5km)|

Ladl) . " )\.. -) ".! E t <
y ANV ;
£, 7" o Ty
S0°N e l> ’/
3 « ~ iy ~ > p
20°N ); S g vy B
1 3
14 e N i A
-~ s WS
30°N _ 2 : 2 "~
$ ‘\ -
f - AN -
209N & \ p
~ 7 e |
10°N '\ o n b . 2 B
\ s f
o, ¢ (R T -
. L
o i [ - -
20°W 10°W ©O° 10°C 20°€ J0'L 4#0°'fL SOt ©0°C

WMO SDS-WAS N Africa-Middie East-Europe RC
anb—llvty reduced by airborne dust 06 Apr 2016 12-18 UTC

(

A uncertain ® =1km ® 1-2km 2-5Itm]

Atmet

Agencia Estatal de Meteorologfa

WMO SOS-WAS N Africa-Middle East-Europe RC
Vrubulny reduced by airborne dust - 06 Aor 2016 06-12 UTC

Lol . *\-"Jc.'-.N 1 <
L, y
K j.;;,t - igeeean
”.~ ‘:_-'> « . /
\P 1 s Ry ~ e p
. ~ %) 4 A -
40°N - D "ol S R
{ v R
~ A
0*N - % =X ,’. ",
A A \
. )
{ PR A
20°N t .
. ~ e .
1 >
- .
o] R
O o JYLY ;
. UG X
o. L ". i"‘\; S - |
20°W 10°W 0°  10°E 20°t 30°E 40°E S0t 60°F
[(&  uncertain ® <1km e 1-2km 2-5km)

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 06 Apr 2016 18-24 UTC
—————

GO'N .‘.' A\-,fi'! E { <
- -
}I:y:.'-. “ > .QMV i ‘k?_-
50°N - ¥
- : &
) 1 "" 3 .l':?_‘ & - ’.l .
Y { o~ d - X
w'u e \ Pad 2 L N -
g =t LUUERE L.
~") o
30°N X} -
s %
° <
/ o A
20°N 4 A ‘
i ~ g | e
10°N \ L7 h b .« % 3
~ . ! E ‘r R
- -.‘
o i~ 7=
20°W 10°'W 0* 10°fE 20 JO°CL 40°C S0°'t 60°F
[[(&4 uncertain @ <lkm ® 1-2km 2-5km)

A URCErtamn @ <1kimn

@ 1-2km 2-5km|

http://sds-was.aemet.es/ 4



@

SDS-WAS NAMEE: Visibility vs Surf. Conc.

NRT visibility evaluation: 6" April 2016 0-12UTC
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

NRT visibility evaluation: 6" April 2016 0-12UTC
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

NRT visibility evaluation: 19t june 2016
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SDS-WAS NAMEE: Dust Profiles Evaluation
K

Ceilometers Lidar m
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+ High density of stations - Low number of stations
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SDS-WAS NAMEE: Dust Profiles Evaluation

W. Mediterranean dust event: 2 - 5 November 2016
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SDS-WAS NAMEE: Dust Profiles Evaluation

Atlantic dust event: 2 - 5 November 2016
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SDS-WAS NAMEE: Dust Profiles Evaluation

Atlantic dust event: 9 - 12 December 2016

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
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SDS-WAS NAMEE: Dust Profiles Evaluation

Atlantic dust event: 9 - 12 December 2016

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 09 DEC 2016 Valid: 12h 09 DEC 2016 (H+00)
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Barcelona Dust Forecasting Center
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Keep up to date with our Barcelona Dust Forecast Center starts rations

-

-
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Barcelona Dust Forecasting Center

Website visits: 1 January 2015 — 20 October 2017 http://dust.aemet.es/

® Sessions 22 Feb: Sahel and IP event 20 Feb: Spain event
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BDFC: Operational Products

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 07 MAR 2015 Valid: 12h 07 MAR 2015 (H+00)

Dust Optical Depth at 550nm
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Dust Surface Extinction at 550nm
Dust Wet Deposition

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (pug/m3)
Run: 12h 07 MAR 2015 Valid: 12h 07 MAR 2015 (H+00)
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BDFC: Dust event Canary Islands Feb 2015

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 25 FEB 2015 Valid: 12h 25 FEB 2015 (H+00)
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BDFC: Dust event Canary Islands Mar 2015

Barcelona Dust Forecast Center

NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD Gixa Santa_Cruz_Tenanie (Spain) - March 2015
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BDFC: Dust event Europe May 2015

Barcelona Dust Forecast Center

NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD T e atada (Spain) - May 2008
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BDFC: Dust event Europe June 2015

Barcelona Dust Forecast Center
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BDFC: Dust event Middle East Feb 2015

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 12 FEB 2015 Valid: 12h 12 FEB 2015 (H+00)
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BDFC: Dust event Middle East Apr 2015

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 23 APR 2015 Valid: 12h 23 APR 2015 (H+00)
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COST Action InDust (CA16202)

INTERNATIONAL NETWORK TO ENCOURAGE
THE USE OF MONITORING AND FORECASTING
DUST PRODUCTS

Chair: Dr Sara Basart (Barcelona Supercomputing Center, Spain)
Vice-chair: Dr Slobodan Nickovic (Republic Hydrometeorological Service of Serbia)

http://www.cost.eu/COST Actions/ca/CA16202




~ COST InDust - Objectives

* The overall objective of the proposed Action is to establish a
network involving research institutions, service providers and
potential end users of information on airborne dust.

* The Action will search to coordinate and harmonise the process of
transferring dust observation and prediction data to users as well
as to assist the diverse socio-economic sectors affected by the
presence of high concentrations of airborne mineral dust.

HLE 5 TECHNCLOGY



FAction InDust — Participants

e 28 COST EU members countries signed the MoU:

* Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Cyprus, Denmark,
Finland, France, fYR Macedonia, Germany, Greece, Hungary, Iceland, Ireland,
Israel, Italy, Lithuania, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Serbia, Spain, Switzerland, Turkey and United Kingdom.

* 3 COST Near-Neighbour Countries:

e Jordan (University of Jordan), Morocco (Ministry of Health) and Egypt (The
Egyptian Meteorological Authority and Cairo University).

* one international organisation:
* World Meteorological Organization (WMO)

Moreover, InDust also accounts with the participation of a number

of researchers from Africa, America and Asia.
cocost

FLIROPEAN COTPERATRIN
ECHNCLOGY
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'COST I.nDust - Structure

® GOAL: Identification and catalogue of dust (ground-based and
WP1 Dust observations satellite) observations best suited to be transferred to modelling
1roups and end-users

WP2 Dust modelling and OAL: Identification of the most suitable model products
forecast (forecasts, hindcasts, reanalysis) for the user’s communities

® GOAL: Creation of a network that enables fruitful collaborations

WP3 Assessment of user and ”
between researchers and end-user communities

societal benefits

WP4 Transfer of dust : To propose the most suitable products for the application
products to user-oriented >as identified by users involved in the Action and also identified

application and service value [ZAKSE]



COST InDust — Events

15t Joint Working Group meeting
in Barcelona on 14-15 March

Nexus Il Building. Barcelona MareNostrum supercomputer

Barcelona
Sup mmpuﬂng

CE



Ongoing projects to design dust services

European Research Area
for Climate Services

Dust Storms Assessment for the development of user-oriented Climate Services in
Northern Africa, Middle East and Europe

_______________________________________________

 SDSis a serious hazard
* Lack of dust observations,
particularly in Africa

GOAL: Develop dust-related services
to specific socio-economic sectors
based on an advanced dust
reanalysis

Dust-related Climate Services




Next dust events

Updated in the SDS-WAS website: http://sds-was.aemet.es/

The 9th International Workshop on Sand / Dust storms

and Associated Dustfall

4 s o Woarld
E A _|"‘ “Meteoroclogical
caa Organization

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

22-24 MAY 2018 - TENERIFE
CHALC

oo CALL FOR ABSTRACTS

ACTITES The 9" International Workshop on Sand / Dust storm
and Associated Dustfall,

FREEFE
The dustworkshop¥ develops within the frame of the Wold

T T o Metearalagical Organiration - Sand and Dust Storm Warning
COMMITTIES Adyisory and Assessment System (MO S0DS-WNTI profremme.
FRDcRANM

22-24 May 2018, Tenerife, Spain.
RECIETRATIORN
AHSTRALTS Soo sectlons Tenorife and Rogistration to organize your trip
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