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BSC Earth Sciences Department

Why

Environmental modelling and forecasting Our strength ...
- researchi ...

... operations ...
... services ...
... high resolution ...

MareNostrum
supercomputer

How

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

Climate
prediction

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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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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AIR QUALITY FORECAST CMAQ
NCAR MOZART4 SIAQF ARWV3.2+CMAQVS.0+ HERMESv2 + BSC-DREAMBD v2.0 PM10 (3
Ounidary Condit) 120 forecastfor 120TC O Aug 2013 - lberan Perinsie Ras: nax SAHARAN DUST
e— B0 i ;. 3 | OUTBREAKS
a z v rs R s - BSC-DREAMS8b v2
i _‘: & o BSC-DREAMBD v2 0 Oust Low Leved Cong g/’ )
- . o B4 ¢ A ’ » 3,0”

* ' (50 km x 50 km)
(12km x 12 km)

e \ T - 7 nd e
METEO. OBSERVATIONS AQPOLLUTANT OBSERVATIONS



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-DustE
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NMMB-MONARCH: Data Assimilation

observations

NMMB-MONARCH coupled with a
Local Ensemble Transform Kalman
Filter (LETKF) for the assimilation of
aerosol optical depth observations

ensemble
forecast

ensemble mean analysis

»
»

analysis-initialized
forecast

Mineral dust application

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

May 2007
3= M

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

- vertical flux,

- size distribution at emission i orin
- threshold on friction velocity | I o AERONET Validation

(DiTomaso et al., GMD, 2016)
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Mineral Dust modelling: Dust sources

Natural

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

Frequency of Occurence DoD > 0.2

Anthropogenic (agricultural)

FoO

( gﬁiﬁ"-‘-ﬂl’lﬁpmg In collaboration P, Ginoux (NOAA-GFDL)
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Mineral Dust modelling: Topography




Mineral Dust modelling: Topography

Impact of the topography on dust transport
MSG/RGB March 19, 2012

19 03:00 19 06:00

1912:00 1915:18
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19 18:00 ‘ 19 21:.00

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

17 Mar 2012 12UTC 18 Mar 2012 12UTC

~\ P 4 X .

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

-Dust Dust Conc (pg/m?) Wind, Pot.Temp LAT = 24.0°N
forecast for 18UTC 19 MAR 2012

NMMB/BSC-Dust Dust Concentration (ug/m?), Wind Pot.Temp LAT = 24.0°N
forecast for 18UTC 19 MAR 2012
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(Basart et al., Aeolian Research, 2016) 10




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

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

Surf. Dust Concentration (ug/m" ), Wind (kt)
11

The haboob (pink) separates from its

originated thunderstorm (red) and
moves northwest

MSG/SEVIRI RGB dust product
22:00 UTC 15/07/2011 ’.3\

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

Temperature 2m (K), Wind (kt)

Vertical Velocity (m/s) 12th layer, Wind (kt)

Dust Conc. (ug/m* ). Wind (kt), Pot. Temp. (K)

10,-22UTC 14JUL2011 LAT = 185'N
t |

Temperature (K), Wind (kt), Pot, Temp. (K)
o5 22UTC 14 JUL 2011 - LAT = 18.5°N

Vert. Velo. (m/s), Wind (kt), Pot. Temp. (K)
16, 22UTC 14 JUL 2011 - LAT = 18.5 N_

Convection
J 4

MODEL CONFIGURATION
Study domain: 62W-10°E to 15°N-31°N

. Wind Speed (m/s), Wind (kt) Wind Speed (m/s), Wind (kt), Pot, Temp. (K)
Study period: from 14 to 15 July 2011 o 22UTC L UL 2011 2 seg22UICItILI00 L““
Horizontal resolution: 0.03°x0.032 (about 3 km) — allowing explicit ; '
convection
Vertical resolution: 600-layers (12-150-layers in the first 1000 m)
Cold start (No data assimilation)

(Vendrell et al., in preparation)



Mineral dust Services

BSC dust operational forecast

(global and regional domains) s 2

http://www.bsc.es/ESS ol Nl e B

v Contribution to the ICAP multi-model ensemble

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

WMO Dust Centers
= T R DT @

SDS-WAS. North Africa, Middle East and Europe 2 TS
Regional Center. http://sds-was.aemet.es
started in 2010 — Research

Barcelona Dust Forecast Center. |
First specialized WMO Center for mineral dust prediction. |
http://dust.aemet.es started in 2014 - Operational o
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http://icap.atmos.und.edu

BSC dust operational forecast

BSC-DREAMED NMMB/BSC-Dust

MA-ME-E Domain

Spain

NMMB/BSC-Dust Dust Load (g/m* ) and 700 hPa Wind
18h forecast for OBUTC 18 Oct 2017

Rttp:/ fwneuebse. s projects /eart hacience ! NMMB— BSC— DUSTY
o - -

20w 10w Ly W'E 20"t 3NE A"E 'E GI'E
100 my's

NMMB/BSC-Dust Total Cloud Cover
18h forecast for DBUTC 18 Oct 2017

http:/ funcw.bse.es  projects eart hacience /N MMB— BSC— DUSTY

| © October| 207 v| © ‘
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Documentos

2 Model Description
2= Model Configuration

NMMB/BSC-Dust

Dust load & cloudiness

Dust Optical Depth & Cloudiness
Dust Dry & Wet Deposition

Dust Surface Conc. & Prec - MSLP
Dust concentration profiles

Dust Vertical cross sections

I - :,H GIF|

4
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http://www.bsc.es/ess/bsc-dust-daily-forecast
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The WMO SDS-WAS project

t-only version | [l Send by e-mail | [E) Bookmark

World Meteorological Organization
Weather » Climate » Water

HOME CONTACT US LI

(]
WWRP > 5DS >

WMO Sand and Dust
and Asses

(SO

WiRp:

The SDS-WAS programme at WMO

SDS W AS UEL] estabhshed in ZDD? in |espo
to impro p abilitie f reliable

pro d cts f atm pl d t odels ([ ]
areas of SDC|etaI beneft It vill |er on |ea|-

More than 15 organizations currently pro
regions. The SDS-WAS |nteg|ates research
agncultwal users) SDS \. AS is estabhshe
regional nodes. At the nt two nodes
Eumpe Node (hosted by Spam and the Asi
is to chle-.e mprehensive, cooldmat
capabilities of s daddtt ino|.
sto|ms to increase the undmstandmg of th
apabilitie

Scientific background and modeling of sand

SDS-WAS

Science and I

OBIJECTIVES:

|ldentify 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

14
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The SDS-WAS Regional Centers

120 90 30 0 30 60 50 120 150

0 7 14 28 55 112 365

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

Bar:uhnu
Extracted from Ginoux et al. (2012, Rev. Geophys.)

C‘n"llnr:l Macional de Suparcamoulacita 15
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SDS-WAS NAMEE RC

y‘;i NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL\CENTER
)

Mateorsiogical

WMO Sand and Dust Storm Warning Advisory and Asses€meat System (SDS-WAS)

onal Center

About us

Forecast & Products

Projects & Research

Materials

News

Events

Search

sue "Studving
the effects of dust on weather”

Oxt 20, 201

Impact of dust deposition on wheat

p

oduction

Oct 19, 2007

Paper on the pulsa
scale Sabaran dus

part

Oxt 17,2007

Their Impacts

Oxt 23, 2017 - Ot 2%, 2017 — Datardal
Turbary

Cendra Macienal e Suparcamgulaciin

noture of large-

You are here: Home

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

Prancesco Mezincasa

Addressing Sand and Dust Storms in Sustainable
Development Goals Implementation

WMO

dust =t

supports the Intermational Conference on sand and

rms currently held in Tehran

SDS-WAS will contnibute to UN Conference on sand and
dust storms to be held in Tehran

New members of the SDS-WAS Regional Steering Group for
Northern Africa, Middle East and Europe

6ith Training Course on WMO SDS-WAS Product
and Ground Observation and Modelling of Atn
Duast)

s (Satellite

ospheric

Dust forecasts

WNO SDEWAS N Ace-Mdde Past-Durnse RC
MEDUN Dt Surt
Mun: 120 19 OCT 3017

-
wn
-
- L
fe |
. »

Compared Dust Farecasts

Subscribe to the Public Newsletter!

To be informed about our activities, news and events related
to dust. Frequency is almost monthiy.

| Full Name I

I Your email l

Portal manual

Please find a brief manual here.

}
ip ',
R

Forecast 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.

(@ (C;pernicus

W CrFUNAN

S a? JLLYUULY Met Office

R ENVIROY,

grs FORETONME,,
P e e,
e

= A
Ey 2

NCER)

Barcelona
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Cenlrg Macional o Suparcamoulacity  Agencia Estatal de Metecrologia e

DOMAIN DATA ASSIMILATION
BSC-DREAMS8b 12 Regional No
CAMS ECMWEF 00 Global MODIS AOD
DREAM8-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/

17



BSC-DREAMSb v2.0

CAMS-ECMWF

DREAM-NMME-MACC

NMMB/BSC-L

NASA-GEOS-!

NCEP-NGAC

DREAMABOL

EMA-RegCM4
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Cenlrg Macional e Suparcampuliti  Agencia Estatal de Meteorologi

PUBLIC Files

& 7
RESTRICTED Files O wenxte ((

PUBLIC Files

Barcelona
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Center

RESTRICTED Files " rodei Website Copemicus

PUBLIC Files

Model website

RESTRICTED Files

Title

latest - [downiood oll)

2017 -

2016

2015 -

2014 -

2013 -

2012 -

{downioed all)
- [downloed all]
{downioed all)
{downioed all)
(downioed all)

{downioed all)

Size

4.0 kB

4.0kB

4.0 kB

4.0kB

4.0 kB

4.0kB

4.0 kB

7 errunnn
Sa? VLLYULL

Mudified

Ot 19, 2017 10:40 PM
Oict 03, 2017 10:40 PM
Dec 03, 2016 10-40 PM
Mar 07, 2016 12:45 PM
Mar 07, 2016 12:45 PM
Mar 07, 2016 12:45 PM

Mar 07, 2016 12:45 PM

3¢ UCAR

e OUnidEITEI

SDS-WAS NAMEE: 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/

18



SDS-WAS Multi-model

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

— — — — — — — WMO SDSWAS N Africa-Middle East-Europe RC WMO SDSWAS N Africa-Middle East-Europe RC WMO SDSWAS N Africa-Middle East-Europe RC
BSC-DREAMSD Dust Surface Concentration (Lgim?) CAMS-ECMWF  Dust Surface Concentration [ig/m?) DREAMB-NMME-MACC Dust Surface Concentration (igim?)
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
— . N . . — -

3 X - 20000 ™ . (el S

@ Gpernicus

27 errupp

CS=a? VLLYLU Met Office

b~
0T WE WL T

g\ﬂfpa .E"“!’Re-hrugmr WMO SDSWAS M Africa-Middle East-Europe RC WMO SDSWAS M Africa-Middle East-Eurape RC WMO SDSWAS M Africa-Middle East-Europe RC
e’ﬁ’/_— - NMMB/BSC-Dust  Dust Surface Cancentration (gim?) NASA GEOS-5  Dust Surface Concentration {ug/m®) NCEP NGAC Dust Surface Concentration {pg/m?)
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
= ; T W om0 - - s T ;
5000
0w
2000
o
500
oW o
20w Hxo
YPTIAN e
OROLOGICAL AUTHORITY X
w1
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
EMA RegCM4  Dust Surface Concentration (sg/m?) DREAMABOL  Dust Surface Concentration (jig/m?) NOA WRF-CHEM Dust Surface Concentration {ug/m?)

Run: 00h 15 OCT 2017 valid: 12h 15 OCT 2017 (H+12)
- - i e

I e
WMO SDSWAS_ M Africa-Middle East-Europe AG WMO SDSWAS W Africa-Middle East-Europe AG
SILAM Dust Surface Concentration (ugim’) MEDIAN  Dust Surface Concentration (ug/m’)
Run: 00R 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 OCT 2017 Vald: 12h 15 OCT 2017 (H+00)
J —— - e . I st T e T o
I ] | ] | ] |
s000
5o
2000
12 Global — Regional del . . I
obal — Regional models -| MEDIAN
200w Hso
~
rom o m
s
W W
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SDS-WAS Multi-model

Dust Optical Depth at 550nm
from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

SDS-WAS product

((@ Gbernicus

.,
I
I
I
I
I
I
|

27 crrupen

CS=a? VLLYTLLL

Met Office

EGYPTIAN
METEOROLOGICAL AUTHORITY

EFORKOI,

I
I
l
I
l
I
l
[ =

12 Global — Regional models
(from ~ 100 to 10 km)

Barcelona

WMO SDSWAS N Africa-Middle East-Europe RC
BSC-DREAMED Dust AOD
Run: 120 15 OCT 2017 valid: 120 15 OCT 2017 (H+00)
- - 3

&3 <

Run: 00N 15 OCT 2017 valid: 120 15 OCT 2017 (H+12)
S . e

WMO SDSWAS N Africa-Middle East-Europe RC
CAMS-ECMWF  Dust AOD

T <

o1 -
W mw WE NE WE WE WE W W@ WE NE WE W WE
WMO SD5-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC
NMMB/BSC-Dust  Dust ACD NASA GEOS-5  Dust AOD
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: G0h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
- - T . S X e
o ¢ LY 6 o LY
sz
son
16
wn
12
- 0
04 2N
o2 107N
L3}
W mww WE T WE Wt Wt
WMO SDSWAS N Africa-Middle East-Europe RC WMO SDSWAS N Africa-Middle East-Europe RC
EMA RegCM4  Dust AOD REAMABOL  Dust AOD
Run: G0n 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: G0n 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)
R - e . e - T
N . - s ’ e,
a2
0w son
1e
n an
12
0 - o
20N 04 20°N

e AEAT
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WMO SOSWAS N Alfica:Middle East-Europe RC WMO SOSWAS N Alfica-Middle East-Europe RC
SILAM Dust ACD EDIAN  Dust ADD
Run: 00N 13 OCT 2017 Valld: 120 15 OGT 2017 (H+12) Run: 12115 OCT 2017 Valid: 120 15 OCT 2017 (H+00)
. - S " = - . "
12 12
sow
1o 1o
wn
12 12
s o oe

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)

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

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

wnl

20N

20

WMO SDSWAS N Africa-Middle East-Europe RC
(O WRF-CHEM _Dust ADD
@: 12h 15 OCT 2017 (H+00)

2

Run: 12h 15 ©CT 2017 Vali
e -

T
N .

s

)

MEDIAN

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




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)
e
20000 20000
60°N
5000 5000
50°N
2000 2000
A0°N
500 500
o 200 200
20°N 50 50
10°N 20 20
57 Pl s 5
W W " 10°E  20°E  30°E 40°E  SO°E
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 (ug/m?) RANGE Dust Surface Concentration (jg/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 20000 6.4
60°N
5000 5000 32
50°N
2000 2000 16
40°N
500 500 12
200 200 N 0.8
50 50 20°N 0.4
20 20 10°N R ¥ 0.2
5 5 “%V(_; 01
> Je
20°W 10°W o 10°E  20°E  30°E  40°E  50°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

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

Cendra Macional g8 SuparcamSuldciil | Agencia Estatal de Meteorologia

( s ATANGT

21




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

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)

http://sds-was.aemet.es/ 2
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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

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD,, - 2016

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

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS DEEPBLUE AOD,;, - 2016

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

Barcelona
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Center
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SDS-WAS NAMEE: DOD AERONET Evaluation

Santa_Cruz_Tenerife (Spain) - March 2016

[T —
=
= o o AEAERONET = 0.6 —  DOD:s; DREAMB-NMME-MACC ~ — DODs:; EMA RegChd
= -
g @ ® AEAERONET = 0.6 — DOD::; NMMB/BSC-Dust DOD::; DREAMABOL
a L8y A A AOD;s; AERONET DOD:s; U.K. MetOffice MetUM DOD::; NOA-WRF-CHEM 1
ket
”E" — DODssn BSC_DREAMBb . pop.., NASA GEOS-5 —  DOD:s; SILAM
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SDS-WAS NAMEE: DOD AERONET Evaluation

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

Cendra Macional g8 SuparcamSuldciil | Agencia Estatal de Meteorologia

( Conter e AIMet

Jan 2016 - Dec 2016. Dust Optical Depth.
Threshold Angstrom Exponent = 0.600

Duate: | - Select Year- ¥
BIAS
ns CANS HEEN 883
HEEARSNE  ECRMWI WML
RAAT

SahelSahara -0.30 -0.17 -0.20
show siotions
Middle East -0.12 -0.10 -0.05
show siations
Mediterranean -0.16 -0.12 -0.12
show stations
TOTAL -0.24 -0.14 -0.16

ROOT MEAN SQUARE ERROR

i, CANS IHEEA LSS
HEEARSNE  ECRMWI MME-SLALC

Sahel’Sakara 0.51 0.42 0.45

show stations

Middle East 0.35 0.25 0.28

show siations

Medilerranean 0.30 0.29 0.30

show siotions

TOTAL 0.44 0.37 0.39

CORRELATION COEFFICIENT

nax CANS. D ANSS

IHEEARESS ECMWI NMME-SMALCT

KMME

HEC - Tt

-0.13

WMBMR

B Thewi

0.43

0.44

0.28

0.39

KMMIN

B Thewi

DKM RASA KCEP EMA IHEEASE ROIA-RT SILAM MEIAK
1 I Al HrgCM AR HER
-0.16 -0.20 -0.06 0.03 -0.13 -0.13 -0.06 -0.18
-0.12 -I.16 -1l 1.13 0.06 -0.14 0.01 -0.13
-0.10 -0.14 -0.05 -0.02 -0.09 -0.12 -0.10 -0.13
-0.14 -0.18 -0.06 0.08 -0.10 -0.13 -0.07 -0.16
UKL NE NASA KR EMA IHEEAM ROAWRT SILAM  MEDAN
Oiltice GEOS-3 AL HegEM AR CHESM
0.44 0.42 0.39 0.64 0.48 0.44 0.82 0.42
0.27 031 0.20 11.39 0.34 0.32 0.62 0.28
0.27 0.29 0.27 0.40 0.30 0.31 0.44 0.28
0.38 0.38 0.35 .06 D42 0.39 0.71 0.37
UK M RASA RCER EMA IHEEASE ROIA-RT SILAM MEIAK
Oiltice GEOS-3 AL HrgCM AR CHESM
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SDS-WAS NAMEE: DOD MODIS Evaluation

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD,,, - 2016
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MODIS DEEPBLUE AOD,;,, - 2016
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-0.11
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003

-0.06

-0.00

003

BIAS

-0.16

010

-0.03

025

-0.01

-0.04

010

)

ROOT MEAN SQUARE
ERROR

0.26
0.22

0.21
0.35
0.27

0.18

ROOT MEAN SQUARE
ERROR

0.32
0.29

0.27
L51
D.36
0.25

0.73

CORRELATION
COEFFICIENT

070

0.72

073

0.34

0.51

073

CORRELATION
COEFFICIENT

0.66

52

a7

.24

il

0.27

FRACTIONAL GROSS
ERROR

0.97

0.83

051

L1

.84

071

0.83

FRACTIONAL GROSS
ERROR

0.76

0.82

055

D.a2

.70

0.53

0.93

NUMBRER OF
CASES

18433

18293

18465

17834

18141

12302

NUMBER OF
CASES

189314

188183

185348

54093

181446

186546

142423
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SDS-WAS NAMEE: Model Evaluation

o= EUMETSAT

7 March 2015

NOTE: There is available an historical archive of the MSG RBG dust products.
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MET16 R
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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 - I B ,
MODIS composite 8t March 2015 from EOSDIS World Viewer
|
CALI PSO Micro Pulse LIDAR - Sta. Cruz de Tenerife 08 Dec
2011
= PARASOL : )
12
] ;E\ 10 1.50
= MPLNET : = e -
: g -
u P M 10 4 -oiw
2 [ZTINO DATA

——— —

o 4 8 12 16 20 24
UTC (hours)
http://sds-was.aemet.es/ 3
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SDS-WAS NAMEE: Studies

Model Intercomparison: European dust outbreak on April 2011

= 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

IR R el measurements of AOD (from
MSG/SEVIRI RGB product 7 April AERONET), surface concentration
Courtesy of EUMETSAT

(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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SDS-WAS NAMEE: Studies

Model Intercomparison: European dust outbreak on April 2011 - Emissions

ECMWF/MACCII-Dust  NMMB/BSC-DUST BSC-DREAMSD DREAMS-NMME
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0.009
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(Huneeus et al., ACP, 2016)



SDS-WAS NAMEE: Studies

Model Intercomparison: EU-EARLINET vertical dust profiles: 2011-2013

B e S Low concentration High concentration
. Estonis
4 ¢ s T 1 I T 10 I X X
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(Binietoglou et al., ATM, 2015)



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;

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

Location of METAR"datfa

........

12: :30UTC — visib ity reductlon

Barcelona

Supercnmpuhng

Contar . (Vukovic et al., in preparation)
MaciEnal o -\.n.].'t‘ L=l L HCILY




Iranian Haboob: Teheran 2" June 2014

Intensive cold
downbursts from
convective cells
produced high velocity
surface wind, creating %
cold front which was W,
lifting, mixing and

pushing dust towards w
Udow draft strong wind

dust ’

the city;

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

Barcelona

Supercomputing

O e Spereomestacice (Vukovic et al., in preparation)
TLETAND LA O SeUDeLOTAULNHLILY
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Iranian Haboob Teheran 2'"“I June 2014

DNC

(surface)

Dust Number
Concentration
number of dust
particles in cm®

Dust uplift and
transport
controlled with
three main cells.

36N

saf

525 5%

R TR 1-n|1'rl B

. AT l?l‘l

Explicit convect|on S|mulat|ons are highly dependent on the
initial conditions and the microphysical scheme
— Probabilistic dust forecast based on model ensembles

Barcelona
Supa-mnmpuﬂng

C‘H il Macicnal de Suparcamoulacit

1500

2000

(Vukovic et al., in preparation)



SDS-WAS NAMEE: PM10 Evaluation s
AMMA network: PM10 in Sahel for the year 2013 lISQ

ssall i Aleﬁ.;f.. israel i 4
o S| Not all PM10 is dust: Local and biomass burning from
e, Savannah fires.
Q 7 Y WETVER T Dust filter: Considering the localizations of the desert
BB e [ oY dust sources the filter is based on wind direction.
““““““ 4 P g’"ﬁg:n: e ':«c:lr“c Jlog.al
=0 sy, | S
M’Bour-Senegal Banizoumbou-Niger
00 01 o, , Wind-Filtered 00 01 o, Wind-filtered ‘: zif;;ence
- 450 -
oo @® Median
400
1401 ® NGAC
120 0 ® NMMB/BSC-Dust
100 00 BSC-DREAMSb
20 f ® GEOS-S
% 200 _ N N[UM
o0 150 ® DREAMB-NMME
aof 100} // o
w0} P/ ol @
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Standard deviation Standard deviation Standard deviation

AMMA (Marticorena et al., 2010)
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SDS-WAS NAMEE: PM10 Evaluation_

AMMA network: PM10 in Sahel for the year 2013 _ l‘
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SDS-WAS NAMEE: PM10 Evaluation

AQ network: Canary Islands 2013-2014

0, > 10pmJ @ > 10um
Not all PM10 is dust: Local sources Amhmpogemc I L P,
Dust filter: Moving 40th percentile of 30 days, Dust &< 10um
15 days before and 15 days after (Escudero at g < 10pmj l
al. 2007). r
Model Obs  Obs Filtered

Barcelona
(( Q= A B

citral g Suparcampulacicn

http://sds-was.aemet.es/ 3o




SDS-WAS NAMEE: PM10 Evaluation

AQ network: Canary Islands 2013-2014
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AQ network: Canary Islands 2013-2014
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SDS-WAS NAMEE: PM10 Evaluation

PM,, ANNUAL VARIATION in COSTA TEGUISE

— PM10

= PM10-40th
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= Median
— NGAC

- GEOS-5
— NMMB/BSC-Dust
— CAMS

e DREAMB-NMME
BSC-DREAM8b

Barcelona
Supercomputing
L‘rrnl‘ur

MAciEnal de Suparcamsulacitv

/\‘r‘

Agencia Estatal de Meteorologia

r

May Jun Jul Aug Sep Oct Nov Dec

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

41



60°N

S0°N

40°N

30°N

20°N

10°N

SDS-WAS NAMEE: Visibility vs Surf. Conc.

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

WMO SDS-WAS N.Africa-Middle East-Europe RC
Visibility reduced by alrbome dus( STATIONS
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WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 06 Apr 2016 00-06 UTC

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 06 Apr 2016 06-12 UTC
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

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

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

Visibility reduced by airborne dust - 06 Apr 2016 00-06 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (pug/m?)
Run: 12h 05 APR 2016 Valid: 06h 06 APR 2016 (H+18)

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: 12h 05 APR 2016 Valid: 12h 06 APR 2016 (H+24)
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

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

@

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 06 Apr 2016 00-06 UTC
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WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust Surface Concentration (ug/m?)
Run: 12h 05 APR 2016 Valid: 06h 06 APR 2016 (H+18)
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SDS-WAS NAMEE: Visibility vs Surf. Conc.

NRT visibility evaluation: 19" june 2016

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 19 Jun 2016 00-06 UTC

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust -

19 jun 2016 06-12 UTC

WMO SDS-WAS N Africa-Middle East-Europe RC
Visibility reduced by airborne dust - 19 Jun 2016 12-18 UTC
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SDS-WAS NAMEE: Dust Profiles Evaluation

Ceilometers
Tenerife, Granada and Montsec (Spain)

+ High density of stations
- Qualitative products
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SDS-WAS NAMEE: Dust Profiles Evaluation

W. Mediterranean dust event: 2 - 5 November 2016

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 04 NOV 2016 Walid: 12h 04 NOV 2016 (H+00)
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SDS-WAS NAMEE: Dust Profiles Evaluation

Atlantic dust event: 2 - 5 November 2016

WMO SDS-WAS N.Africa-Middle East-Europe RC
MEDIAN Dust AOD
Run: 12h 02 NOV 2016 Valid: 12h 02 NOV 2016 (H+00)
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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 Walid; 12h 09 DEC 2016 (H+00)
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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 Walid; 12h 09 DEC 2016 (H+00)

60°N
50°N
40°N
30°N
20°N
10°N
-
E)](_gnljcggn2010(5fi|1eél)lJa1!<(?r Extinction Profile.Santa Cruz de Tenerife
8000 ' : . ' 8000 ' 10 DEC 20:!.6 12.UTC ‘
=== LIDAR LILLE == Ceilometer_910nm_10_2
7000 | — BSC_DREAMSB |/ 7000 | = Ceilometer 910nm_60 2 |1
— NMMB_BSC — BSC_DREAMS8B
6000 | 1 6000 |- — NMMB_BSC 1
5000 | E 5000 | il
£
_‘g 4000 i 4000 1
T
=
3000 1 3000 1
2000 i 2000 i
1000 1 1000 1
Barc
i:ﬂl % 1 2 03 a 0 l :
Ceni 10 10 10 10 0 10! 102 10° 10*
Caeilr

Ext (Mm™") Ext (Mm™")



Barcelona Dust Forecasting Center

BARCELONA DUST FORECAST CENTER

[ &= = ]| @5~

NEWSLETTER

Keep up to date with our

-

lona Dust Forecast Center starts o ions

In 2014, the First Specialized Center for Mineral Dust

Prediction of WMO is created

LATEST NEWS
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NMMB/BSC-Dust selected to provide operational forecasts

for NAMEE region

~

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

! Check it here

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

@

Barcelona Dust Forecasting Center

http://dust.aemet.es/

!

® Sessions 22 Feb: Sahel and IP event 20 Feb: Spain event
2,000
10 Feb: Middle East event 18 Jun: Arabian event
26 Aug: Algeria event \ 15 Oct: UK event
1,000
July 2015 January 2016 July 2016 January 2017 July 2017
v By \ 1 - S
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CC ‘89 101 1342 223 :i
Tweets Tweets y respuestas Multimedia
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BDFC: Operational Products

Dust Optical Depth at 550nm
Dust Dry Deposition

Dust Load

Dust Surface Concentration

Dust Surface Extinction at 550nm
Dust Wet Deposition

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Conc. (Hg/m?)
Run: 12h 07 MAR 2015 Valid: 12h 07 MAR 2015 (H+00)
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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)
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Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust Surface Ext. (Mm™ ")
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
Run: 12h 07 MAR 2015 Valid: 12h 07 MAR 2015 (H+00)
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BDFC: Dust event Europe May 2015

Barcelona Dust Forecast Center

NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD 20 Granada (Spain) - May 2015
Run: 12h 11 MAY 2015 Valid: 12h 11 MAY 2015 (H+00) A A ADD. AERONET = DOD, NMMB/BSC-Dust |
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BDFC: Dust event Europe June 2015

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD
Run: 12h 11 MAY 2015 Valid: 12h 11 MAY 2015 (H+00)
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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 ) , )
NMMBIBSC—DUSt Res:0.1°x0.1° Dust AOD 20 Solar_Village (Saudi Arabia) - April 2015
Run: 12h 23 APR 2015 Valid: 12h 23 APR 2015 (H+00)
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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.

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY



Action InDust — Participants

e 28 COST EU members countries signed the MoU:

e 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).

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

Moreover, InDust also accounts with the participation of a number
of researchers from Africa, America and Asia.



" COST InDust - Structure

e GOAL: Identification and catalogue of dust (ground-based and
WP1 Dust observations satellite) observations best suited to be transferred to modelling
aroups 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 L: 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 [IRALE



COST InDust — Events

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

Nexus Il Building. Barcelona MareNostrum supercomputer
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Ongoing projects to design dust services

wa.ﬂlim @

European Research Area
for Climate Services

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

* SDS is 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

_________________________________________________

Observations




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 :

Organization

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

22-24 MAY 2018 - TENERIFE

HOME

WORKSHOP BACKGROUND

CALL FORABSTRACTS

WORKSHOP AND ADDITIONAL th >
ACTIVITIES The 9" International Workshop on Sand / Dust storm

and Associated Dustfall.

The dustworkshop9 develops within the frame of the World

TENERIFE

SCIENTIFIC PROGRAM . —— R
Meteorological Organization - Sand and Dust Storm Warnin

COMMITTEES Advisory and Assessment System (WMO SDS-WAS) programme.
PROGRAM
22-24 May 2018, Tenerife, Spain.
REGISTRATION
ABSTRACTS See sections Tenerife and Registration to organize your trip

IARARTANT RATES
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