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BSC Earth Sciences Department

Why

Environmental modelling and forecasting Our strength ...
. researeh ...

... 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

EMISSION FORECAST qﬁ"’x
HERMES v

ﬂ\/IETEOROLOGICAL
FORECAST

CALIOPE WRF-ARW
(www.bsc.es/caliope) -

* Quantify relation between

P . NCEP GLOBAL SIMULATIONS

emISSIOnS/ meteorOIOgy and air Initial and boundary conditions

concentration \
* Forecast air pollution episodes
* Provide and develop short and ﬂR QUALITY FORECAST CMAQ

Iong term mitigation plans NCAR MOZART4 SIAQF ARWV3.2+CMAQYS.0+ HERMESv2 + BSC-DREAMBD v2.0 PM10 (3

Boundary Conditions - SAHARAN DUST
rrp—— OUTBREAKS
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Domains:
Europe (12 km, 480 x 400 cells)
Spain (4 km, 399 x 399 cells)

(50 km x 50 km)
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Atmospheric Composition modelling:
NMMB-MONARCH

- 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
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NMMB- '

(‘(‘ m:;;ﬂm Known as NMMB/BSC-Dust
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NMMB-MONARCH: Data Assimilation

NMMB-MONARCH coupled with a
Local Ensemble Transform Kalman

Filter (LETKF) for the assimilation of

aerosol optical depth observations

Mineral dust application

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

- vertical flux,
- Size distribution at emission
- threshold on friction velocity

(DiTomaso et al., GMD, 2016)
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observations

ensemble
forecast

ensemble mean analysis
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Dust AOD (550nm), Control Simulation
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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

pl — 3 — | <

( g:f:i':fn'ﬁnums 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
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Barcelons (Basart et al., Aeolian Research, 2016)
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Mineral Dust modelling: Topography
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17 Mar 2012 12UTC 18 Mar 2012 12UTC NMMB/BSC-Dust 19-March-2012 18UTC
2000
1500
Two simulations using the
NMMB/BSC-Dust model
demonstrates results demonstrate
how the dust prediction in the , O To U T g o AT 24 e SIS e
vicinity of complex terrains T ' “3k o
. . . . :E.: 20
improves using high-horizontal
resolution simulations. E
Barcelona
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Mineral Dust modelling: Haboobs

WSG/SEVIRI RGB dust product . - | MSG/SEVIRI RGB dust product . s s Cncmemit ety wod [ Dt o/, W 6 o T
14:00 UTC 14/07/2011 '-‘~*_~ 22:00 UTC 14/07/2011 e ’ I : | [

§

. The habqob (pink) separates from its
At the beginhing of a cold pool originated BRGREREoN (rod) e TSR St R 0 0 T
outflow formation moves northwest

MSG/SEVIRI RGB dust product MSG/SEVIRI RGB dust product
10:30 UTC 15/07/2011 N 22:00 UTC 15/07/2011 ?;33

Vertical Velocity (m/s) 12th layer, Wind (kt) Vert. Velo. (m/s), Wind (kt), Pot. Temp. (K)
22UTC 14 JUL 2011 16,.22UTC 14 JUL 2011 - LAT = 18.5 N
N R 5 1

: The haboob propagation Stops after
The haboob (pink) extends for more 24 hand 1000 km covered (size
hundreds of kilometers of the lberian Peninsula

MODEL CONFIGURATION
Study domain: 6°W-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 pan ZUC LLUL2OLL e L L“*’~

Horizontal resolution: 0.03°x0.03° (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) e
http://www.bsc.es/ESS -

v’ Contribution to the ICAP multi-model ensemble U

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

Barcelona Dust Forecast Center - http://dust.aemel.es
WMO Dust Centers o MO s 50 D00
SDS-WAS. North Africa, Middle East and Europe ey

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
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http://icap.atmos.und.edu

BSC dust operational forecast

BSC-DREAMED NMMB/BSC-Dust

MA-ME-E Domain

Spain

NMME/BSC-Dust Dust Load (g/m” ) and 700 hPa Wind
18h forecast for DEUTC 18 Oct 2017

Rttp:/ fwww bsc.es/ projects | earthscience | NMMB— BSC— DUST/

207w 10w o W"E 20"E 30'E 4E H'E ®I'E
100 m/s

0.25

0.05

MMMEB/BSC-Dust Total Cloud Cover
18h forecast for DEUTC 18 Oct 2017
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Documentos

2= Model Description
2~ Model Configuration
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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
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http://www.bsc.es/ESS
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http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
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The WMO SDS-WAS project

World Meteorological Organization

Weather » Climate » Water

WWRP > SDS =

WMO Sand and Dust
and Asseg

(SO

WiRe:

The SDS-WAS programme at WMO

SDS-WAS was established in 2007 in respo
to improve capabilities for more reliable sar
products from atmospheric dust models ma
areas of societal benefit. It will rely on real

More than 15 organizations currently proy
regions. The SDS-WAS integrates research
agricultural users). SDS-WAS is establishd
regional nodes. At the moment two nodes
Europe Node (hosted by Spain) and the Asi
is to achieve comprehensive, coordinaf]
capabilities of sand and dust storms in or
storms to increase the understanding of tH
capabilities.

Scientific background and modeling of sand

SDS-WAS

Science and I

OBJECTIVES:

|PATEATELIECTN

ave as PDF | ﬂTe::-::t—-:-nI‘,' version | i Send by e-mail | [E} Bookmark

* |dentify 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

e 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 50 30 0 30 60 30 120 150

0 7 14 28 55 12 365

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

WMO Sand and Dust Storm Warninag Advicory and Acsacssment System(WMO SDS WAS)

ASIA/CENTRAL PACIFIC REGIONAL CENTRE

.+ Concantration
" I Movies of surface dust concentration
A S distrioution over Asiz 1 3 hours ineenal
: s for 3 days fonecast from e model
CUACEDust
CUACE/DUST OF CMA =22 mores= & W0af
g b,
N % ]
MASINGAR OF JMA 582 More>> & W0af
SRR
Vo RO
ADAM OF KMA 522 Mores>> & W0af
+ News & Event

sSevere Solar Slast Affects Ontna” s Commmication
»»Science Steering Comaittee
»Rorksiop cn the Implementatico of the WD EDS-WAS Asia

¥ode (28~ 30 October 2005, Seoul, Ecrea)

»oWcrksbop ca the Implepentatios of the WO SDS-WAS Asia
Noce

Only works during Spring!

VA

CMA

i

¥

:
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|
| [
1|
o 354
JMA KIA omer

> MODEL COMPARSION

Modsl iInterComparsion

To promote the SDS frecast a0liky and 1 @kt SDS
forecast models representation n Asia Reglonal Center,
0N Of e Mast Impontant aciviies ks mosel ier-
comparison. At present there are three operational forecast
models CUACEDus

E—

Login Fagister

Sand An Oust Storm.

Severe SDS

Extreme Severe SDS

L |
FORECAST DATA SHARING
| |

Download Forecas
Data from

(Y

Barcelona
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http://www.sds.cma.gov.cn
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SDS-WAS Pan-American RC

MO Sand and Dust Storm Warning Advisory
nd Assessment System (SDS-WAS) HOME  ABOUT  FORECASTS & PRODUCTS  OBSERVATIONS  PROJECTS & RESEARCH  NEWS & EVENTS ~ CONTACT

an-American Regional Center

WMO Sand and Dust Storm Warning Advisory and
Assessment System (SDS-WAS)
Pan-American Regional Center

Enhancing the ability of countries to deliver timely and quality sand and dust storm forecasts, observations, information and
knowledge to users through an international partnership of research and operational communities.

http://sds-was.cimh.edu.bb/

Barcelona
Supercomputing
Center
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SDS-WAS NAMEE RC

The Center is managed by a consortium of AEMET and the
Barcelona Supercomputing Center (BSC-CNS)

/\ — Barcelona
GOBIERNO MINISTERIO I MJ Supercomputin
L 354?5%%6,:2:-5?;&"“0 Agencia‘ Estatal de Meteorologia cef'ter p g

Centro Nacional de Supercomputacion

Nexus Il Building. Barcelona MareNostrum supercomputer

‘L--.- I k

-

,,,_,r_,;: = i waal_ Jmm—
Barcelona
i‘.if:ﬁ"”"’"“"' http://sds-was.aemet.es

MAciEaal g SUpansarisul
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SDS-WAS NAMEE RC

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

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

Warkd
Meceorsiogical

nal Center

You are here: Home

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

1y Prancesco Mezincasa

Forecast & Products

Outstanding Subscribe to the Public Newsletter!
Projects & Research R
Addressing Sand and Dust Storms in Sustainable To be informed about cur activities, news and events related
. Development Goals Implementation - e 5
Materials P - F to dust. Frequency is almost monthiy.
WMO supports the International Conference on sand and | l
News — Full Name
dust storms currently held in Tehran
| Your email |
Events

SDS-WAS will contnibute to UN Conference on sand and
dust storms to be held in Tehran Subscnpe
Search aensamdinietin)
S o New members of the SDS-WAS Regional Steering Group for
1.50e 5_%@ Northern Africa, Middle East and Europe
Portal manual

ith Training Course on WMO SDS-WAS Prods (Satellite

Latest News . - : ~ Please find a brief manual here.
and Ground Observation axd Modelling of Atmosp
Atmosphere. Special issue "Studving Dust)
the effects of dust on weather”
Oxt 20,2017 Dust forecasts

t of dust depos
ction

Oct 19, 2007

Paper on the pulsating nuture of large-

e Saharan du: art ‘
Ot 17,2017 H
hea léig ?
¥ A o iy =
Their Impacts L - . B N SN
Oxt 29, 2007 - Oxx 23, 2007 Dutartal
Turkary Compared Dust Farecasts Forecast Evaluation
Barcelona
Supercomputing
Cemnter

Ceralrz Macional de Suparcamsulaciin



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;pernic:us

S errvunnn

S=a? JLLYULULY Met Office

ENVIRONyg,,
= .

oqﬂ?f‘?fo“_... : .\_.4{ .
v i SN
{NCEP):

AN ‘ja

@ EGYPTIAN
m'.* METEQOROLOGICAL AUTHORITY

MODEL

RUN
TIME

DOMAIN

DATA ASSIMILATION

BSC-DREAMS8b 12 Regional No
CAMS ECMWF 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

Barcelona _ é
Supercomputing | a— Al
Center /\I L./Vl {‘__—_)
Corilra Naciorial o Suparcampulicidi  Agencia Estatal de Meteorologia s

http://sds-was.aemet.es/
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SDS-WAS NAMEE: Files Download

PUBLIC Files

@= = Daily forecasts of dust
B RESTRICTEDFles Mot vebste (opemicus surface concentration and
DREAM-NMME-MACC e Model website A nrr"nnn dUSt Optical depth WiII be
RESTRICTED Files &i OLL'UUU .
displayed on a page together
Title Size Muodified Wlth d menu tO a”OW
AR visualization of the archived

latest - [download ali) 4.0 kB Cct 189, 2017 10:40 PM
products and/or download of

the numerical files for a
selected range of dates.

2017 - [downlood all) 4.0kB Ot 03, 2017 10:40 PM
NCEP-NGAC

2016 - [downloed all) 4.0 kB Dec 03, 2016 10:40 PM

DREAMABOL 2015 - [downlood all) 4.0kB Mar 07, 2016 12:4% PM

2014 - (download all)  40kB  Mar 07, 2016 12:49 PM = Access to the download

2013 - (downlood alll  40kB | Mar 07, 2016 12:45 PM pages shall be restricted to

2012 - (downlood all)  40KB  Mar 07, 2016 12:49 PM those groups that authorize
the exchange of their own

mES 3¢ UCAR  F®

i :
i ) Needed registered user!
e OUHIUETEI

Conter Atmer 8

Corilrz Macional o SuparcamiSulacily  Agencia Estatal de Meteorologia [

EMA-RegCM4

http://sds-was.aemet.es/
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SDS-WAS NAMEE: Joint Visualization

WMO SDS-WAS N Africa-Middle East-Eurcpe RC -WAS  N.Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Eurcpe RC
BSC-DREAMBb  Dust Surface Concentration (ug/m?) -ECH Dust Surface Concentration (pg/im?) DREAMB-NMME-MACC Dust Surface Concentration (ag/m?)
Run: 12h 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 0Oh 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: DOh 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

oW 1w & W0 :F  WE aE ST

WMO SDS-WAS N Africa-Middle East-Europe RC WMO SDS-WAS N Africa-Middle East-Europe RC WMO SD5-WAS N Africa-Middle East-Europe RC
NMMB/BSC-Dust  DUst Surface Concentration (gim®) NASA GEDS-5  Dust Surface Concentration (ug/m?) NCEP NGAC _Dust Susface Concentration (Lg/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)

= ~

Il
E ST

. — - -
oW W o IE 20F WE 48 WE AE WL

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 (ug/m?) DREAMABOL  Dust Surface Concentration {ug/m?) NOAWRF-CHEM Dust Surface Concentration (ug/m?)
Run: 00h 15 ©OCT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 ©OCT 2007 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 OCT 2007 Valid: 12h 15 OCT 2017 (H+00)

T 20¢ Wi @0F Wi

WMO SDS-WAS N Africa-Middle East-Eurcpe RC WMO SDS-WAS  N.Africa-Middle East-Europe RC
SILAM Dust Surface Concentration (ug/me} MEDIAN  Dust Surface Concentration (ug/m?)
Run: 00h 15 GCT 2007 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 ©CT 2007 Valid: 12h 15 OCT 2017 (H+00)

Dust Surface Conc.
. from 15-Oct-2017 12:00 to
5 18-0Oct-2017 00:00

Supercomputing NEMet

Canlrg Nacional o Suparcampulacity)  Agencia Estatal de Meteorologia

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




SDS-WAS NAMEE: Joint Visualization

WMO SD5-WAS N Africa-Middle East-Eurcpe RC WMO SD5-WAS N Africa-Middle East-Eurcpe RC
BSC-DREAMED  Dust 40D CAMS-ECMWF  Dust AOD
Run: 12h 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: DOh 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+12)

WMO SD5-WAS N.Africa-Middle East-Eurcpe RC
DREAMB-NMME-MACC  Dust AOD
Run: DOh 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+12)

T

WE M Wt

. Il "
0 20F WE aF ST R

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
SC-Dust GEOSS  Dus D

MM Dust st ADD A0
Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00) Run: 00h 15 GCT 2017 Valid: 12h 15 OCT 2017 (H+12) 5 OCT 2017 (H+12)

NCEP
Run: 00h 15 OCT 2017 Valid:

AT

. an . b
W W & W W WE T W F L T D T

WL AL oW W & W 20F WL E W

L

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 ADD DREAMABOL  Dust ADD (08 WRF-CHEM Dust AOD

N
Run: 00h 15 OCT 2007 Valid: 12h 15 OCT 2017 (H+12) Run: 00h 15 OCT 2007 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 OCT 2007 Valid: 12h 15 OCT 2017 (H+00)

WL Ak

S . -
T 20¢E E oW W o W0t NE WL 4E Wl

WMO SDS-WAS N Africa-Middle East-Eurcpe RC WMO SD5-WAS N Africa-Middle East-Eurcpe RC
5| MEDIAN Dust AOD

ILAM Dust AOD
Run: 00h 15 ©CT 2017 Valid: 12h 15 OCT 2017 (H+12) Run: 12h 15 OCT 2017 Valid: 12h 15 OCT 2017 (H+00)

Dust-AOD at 550nm
. from 15-Oct-2017 12:00 to
) 18-Oct-2017 00:00

Barcelona

Center |
Corilrg Macional o SuparcamiSulacily  Agencia Estatal de Meteorologia

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




SDS-WAS NAMEE: Multi-model

Surface concentration Dust AOD at 550nm

WMO S5DS-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)
2 20000 6.4
A
5000 32
S 2000 16
=B
T 500 12
. 200 08
\ 50 04
& 20 02
o A o
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 (ug/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 6.4
J i
% 5000 32 3.2
€ 2000 16 16
< r = 500 12 12
X 200 08 08
\ { 50 04 0.4
20 0.2 02
e,
H 01 01

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

( Supercemputing AIMet

http://sds-was.aemet.es/ 24
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SDS-WAS NAMEE: Multi-model - ICAP

Dust AOD at 550nm
from 15-Oct-2017 12:00 to 18-Oct-2017 00:00 Only global models!

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)

Barcelona

Supercomputing

Center

Cenilrg Macional de Suparcamgulaciv A

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

Supercomputing /\ | a_
Center ] L.M
gencia Estatal de Meteorologia

Conlrg Macional de Suparcamsulacily  Agen
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SDS-WAS NAMEE: DOD AERONET Evaluation

Barcelona
Supercomputing
Center

Ceralrz Macional de Suparcamsulaciin

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

20

18

16

14

12

10

Santa_Cruz_Tenerife (Spain) - March 2016

= =

o O AEAEROMNET =06
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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

Barcelona

Supercomputing

Center \

Corilrg Macional o SuparcamiSulacily  Agencia Estatal de Meteorologia

Jan 2016 - Dec 2016. Dust Optical Depth.

Threshold Angstrom Exponent = 0.600

Date: | - Select Year- ¥
BIAS
1 CAMS IHEEAMS
MEEARSNS  ECMWI HMME
MIAL

SahelSahara -0.30 -I.17 -0.20
show siations
Middle East -0.12 -i.10 -0.05
show siations
Medilerranean -0.16 .12 -0.12
show siations
TOTAL -0.24 -0.14 -0.16

ROOT MEAN SQUARE ERROR

s cams IHEEARES
MEEARSNS  ECMWI NMBMIE-SEALT

SahelSahara 0.51 042 0.43

show siations

Middle East 0.35 0.25 0.26

show siations

Mediterranean 0.30 0.29 0.30

show siations

TOTAL 0.44 0.37 0.39

CORRELATION COEFFICIENT

nax CAN IHEEARES.

IHEE AR ECRIWI WMME-SLAET

WM

B Thewt

.11

-0.17

.13

NMMAE
S Thet

0.43

0.44

0.38

LA NASA
OHtice [
-0.16 -0.20
-0.12 -0.16
-0.10 -0.14
-0.14 -0.18
LUK Mei RASA
Hir r
0.44 0.42
0.27 0.31
0.27 0.20
0.38 0.38
LUK Mei A

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

WCEP

WGAL

.11

-0.05

WCEP
G AL

0,39

0.29

0.35

ERlA

HegC M4

0.03

L.13

-0.02

0,64

11.39

0.40

2.6

ERLA

HegCR4

-0.10

IHEEARM

0.48

0.34

042

IHEEARM

ARDL

-0.13

BOA-WERT

CHER

0.44

0.32

0.39

BOA-WERT

CHERL

SIL AN

-0.06

0.01

-0.07

0.a2

0.62

0.44

0.71

S AN

BMEDAN

-0.16

BMEDLAN

0.42

0.28

0.37

BMEDLAN

28



50°N

40°N

30°N

20°N

10°N |-

0°

50°N

20°N

10°N

SDS-WAS NAMEE: DOD MODIS Evaluation

WMO SDS-WAS N.Africa-Middle East-Europe RC
MODIS AOD,,, - 2016
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ERROR
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CORRELATION
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CORRELATION
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.66
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07
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ERROR
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11
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SDS-WAS NAMEE: Model Evaluation

¢ EUMETSAT

il Sy P e 7 March 2015
BRI, T I e + ‘P\-? 5 i ‘év if _J"k—-_r"*;hvi(‘}\\.’l"iﬁ? -'-"?" 4 +;’;

New observational datasets for model evaluation in Northern
d Middle East
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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

= OMI

= CALIPSO

= PARASOL

= MPLNET

" PMy,
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Macicnal g Suparcamsulac

i:f,‘:;ﬁm"h", /\‘ L_/Vl ET- {9)

MODIS composite 8" March 2015 from EOSDIS World Viewer
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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 5% and 11% 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
MSG/SEVIRI RGB product 7 April AERONET), surface concentration
Courtesy of EUMETSAT (PM) and satellite retrieved AOD
(MODIS, CALIPSO) and meteorology.

- - ’
g -t - .

2 2 L -
e e - . -~ .

(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.




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

RN W
st S| e Not all PM10 is dust: Local and biomass burning from
e, Savannabh fires.
Q ? ¥ WETYE Dust filter: Considering the localizations of the desert
e I A O al dust sources the filter is based on wind direction.
— i, | S
e e W
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SDS-WAS NAMEE: PM10 Evaluation_

AMMA network: PM10 in Sahel for the year 2013 =
EYP Y S

400 ANNUAL VARIATION in Cinzana
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SDS-WAS NAMEE: PM10 Evaluation

AQ network: Canary Islands 2013-2014

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

Barcelona
Supercomputin | By
(( Conter ' /\\L—MCT % http://sds-was.aemet.es/ 37




SDS-WAS NAMEE: PM10 Evaluation

AQ network: Canary Islands 2013-2014
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AQ network: Canary Islands 2013-2014

©:

120!| = DREAME-NMME

SDS-WAS NAMEE: PM10 Evaluation

PM,, ANNUAL VARIATION in COSTA TEGUISE

— PM10
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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 airborne dust - STATIONS
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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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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
| -
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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 Walid: 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)

6.4
60°N
32
50°N
16
40°N
1.2
30°N 0.8
20°N 0.4
0.2
10°N
0.1
o
- Dakar (Senegal) -Oecember 2016 Santa_Cruz_Ten {Spain) - December 2016
g — — —_— — - - - - . 20
0 O AEAERONET > 06 —  DOD:s; NMMB/BSC-Dust DOD;:) DREAMABOL o O AEAERONET - 06 — DOD-, NMMB/BSC-Dust DOD:-, DREAMABOL
©® © AEAERONET =06 ~—  DOD:s; U.K. MetOffice MetUM DOD:s; NOA-WRF-CHEM ® ® AEAERONET <06 DOD:s, UK. MetOffice MetUM DODss; NOA-WRF-CHEM
18} A A AOD:; AERONET —  DOD:s) NASA GEOS-5 —  DODsy; SILAM 1.8 A A ADD:y AERONET — DOD., NASA GEGS-5 —  DODs, SILAM
—  DODx:) BSC_DREAMSb = s g
0 BSC_| DOD::) NCEP NGAC DOD:;; LOTOS-EUROS —  DOD::; BSC_DREAMSD DOD-, NCEP NGAC —  DODs, LOTOS-EUROS
—  DOD::) CAMS-ECMWF — ) § .
16 o DOD:: EMA RegCM4 =« DOD:; MEDIAN 16 —  DOD::y CAMS-ECMWF — DOD- EMA RegCMé =+ DODs; MEDIAN
= DODs; DREAMS-NMME-MACC —  DOD:; DREAMS-NMME-MACC

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

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

‘285 AERONET




SDS-WAS NAMEE: Dust Profiles Evaluation

Atlantic dust event: 9 - 12 December 2016
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Barcelona Dust Forecasting Center

BARCELONA DUST FORECAST CENTER

[" BER RiSacpeence AI_WCTI (@m , g A 4
Canty Nacamss e Seomcimmuiacos i

NEWSLETTER

Keep up to date with our

d In 2014, the First Specialized Center for Mineral Dust

Prediction of WMO is created
NMMB/BSC-Dust selected to provide operational forecasts
for NAMEE region

\_

NMMB/BSC-DUSt Res:0.1°X0.1°  DUSE Surface Conc. (Hg/me)

? About us Run: 12h 19 MAY 2014 Valid - 18h 20 MAY 2014 (H+30)

% Forecas t ot Dust forecast

? Evaluat

% Method o Latest dustforecast for Northern
Africa, Middle East and Europe

> New: 0
Check it here

> Event 0

> contact

LATEST NEWS

@Dust_Barcelona
http://dust.aemet.es/

Barcelona
Supercomputing
l."rlrni‘ir

MAciEaal g SUpansarisul




Website visits: 1 January 2015 — 20 October 2017
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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. (pg/m3)
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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BDFC: Dust event Canary Islands Feb 2015

Barcelona Dust Forecast Center
NMMB/BSC-Dust Res:0.1°x0.1° Dust ACD
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
Dust AOD

NMMB/BSC-Dust Res:0.1°x0.1°

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 2013
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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)

0°

20°W

10w 10°E 20°E

30°E

40°E 50°E 60°E

MET18 RGB-Dust 2615-82-11 14:88 UTC & EUMETSAT

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

© Mat Ofice/EUMETSAT

Solar_Village (Saudi Arabia) - FeQruary 2015
20
© O AEAERONET > 0.6 A A AODs:; AFRONET
® © AEAERONET =05  —— DOD., NMMB/BSC-Dust
1e
16
A
14
v
12
A
10 B

1L
days

17 19

dust optical thickness []

00 03 07 10 20

Thu Feb 12 00:34:29 2015

http://dust.aemet.es/



BDFC: Dust event Middle East Apr 2015

Barcelona Dust Forecast Center
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Summary

Ongoing NMMB/BSC-Dust model developments to improve the
quality of daily dust forecast includes:

* Data assimilation of satellite aerosol products for mineral dust analysis

* Exploration of the advantages of the high-resolution simulations (> 4km
spatial horizontal resolution) — Dust sources, haboobs and complex terrains

Ongoing activities of the WMO Dust Centers includes:

* Dust model evaluation including data from satellites, and lidar, Sun-
photometer and in-situ networks covering multiple time-scales

* Increased education and awareness to promote the information and
forecasts that are publically and freely available

e Establishment of appropriate communication channels for the dissemination
of interpreted dust forecasts at a frequency that enables preparedness (i.e.
through weather news networks, text message alerts)
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Mineral Dust Modelling

Historical evolution NMMB/BSC-Dust

- Physically-based emission scheme ,
- Improved transport and q E |
deposition

BSC-DREAMS8b

- Radiative feedbacks Q

- 8 bins size distribution
- 1 km USGS land use data set
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