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The MareNostrum 4 supercomputer
Total peak performance:

13,7 Pflops/s
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Access: prace-ri.eu/hpc_acces
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Access: bsc.es/res-intranet
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Missionof BSC ScientificDepartments

Earth 
Sciences

CASE

Computer
Sciences

Life
Sciences

To influence the way machines are built, programmed 

and used: programming models, performance tools, 

Big Data, computer architecture, energy efficiency

To develop and implement global and 

regional state-of-the-art models for short-

term air quality forecast and long-term 

climate applications

To understand living organisms by means of 

theoretical and computational methods 

(molecular modeling, genomics, proteomics)

To develop scientific and engineering software to 

efficiently exploit super-computing capabilities 

(biomedical, geophysics, atmospheric, energy, social 

and economic simulations)



EarthSciencesDepartment
Environmental modelling and forecasting, with a particular focus on 

weather, climate and air quality
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EarthServices

(www.bsc.es/ess/) 



BSC Earth Sciences Department

Short-term forecast
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Air Quality Modelling
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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)
· Nonhydrostaticdynamical core: single digit kilometre resolution allowed
· Fully on-linecoupling: weather-chemistry feedback processes allowed
· Enhancement with a data assimilationsystem
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Known as NMMB/BSC-Dust



Ensemble perturbations
The implementation of the ensemble forecast is based on known uncertainties in 
the physical parametrizations of the dust scheme (imperfect model scenario 
assumption)

NMMB-MONARCH: Data Assimilation



The ensemble forecast has been 
designed considering model 
uncertainties with respect to:

- surface winds, 
- soil humidity, 
- vertical flux distribution at 

sources, 

by perturbing: 

1. the threshold friction velocity which is  soil moisture-dependent, and 
determines the velocity above which the soil particles begin to move in horizontal 
saltation flux;
2. the vertical flux of dust in each of the eight dust transport bins

Ensemble perturbations
NMMB-MONARCH: Data Assimilation



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
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AERONET Validation

(DiTomasoet al., GMD, 2016)
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Mineral Dust modelling: Topography
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Mineral Dust modelling: Topography

MODIS/Terra March 18, 2012

MODIS/AquaMarch 19, 2012

MSG/RGB March 19, 2012

(Basart et al., Aeolian Research, 2016)

Impactof the topographyon dust transport
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Mineral Dust modelling: Topography

NMMB/BSC-Dust 19-March-2012 18UTC

33km 3km

33km 3km

Two simulations using the 
NMMB/BSC-Dustmodel 
demonstrates results demonstrate 
how the dust prediction in the 
vicinity of complex terrains 
improves using high-horizontal 
resolution simulations.

3km33km

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

MODELCONFIGURATION
Studydomain: 6ºW-10ºE to 15ºN-31ºN
Studyperiod: from 14 to 15 July2011
Horizontal resolution: 0.03ºx0.03º (about 3 km)   ­ allowing explicit 
convection
Verticalresolution: 60̀ -layers(12-15̀ -layersin the first 1000m)
Coldstart (Nodata assimilation)

(Vendrellet al., in preparation) 16



Mineral dust Services 
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BSC dust operational forecast 
(global and regional domains)

V Contribution to the ICAP multi-model ensemble 
(global) http://icap.atmos.und.edu

WMO Dust Centers 
SDS-WAS. North Africa, Middle East and Europe 
Regional Center.  http://sds-was.aemet.es 
started in 2010 ςResearch 

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

http://www.bsc.es/ESS

http://icap.atmos.und.edu


BSC dust operational forecast
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http://www.bsc.es/ESS

http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast


The WMO SDS-WAS project
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OBJECTIVES:

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

ÅFacilitate user access to 
information

ÅStrengthen the capacity of 
countries to use the observations, 
analysis and predictions provided 
by the WMO SDS-WAS project



SDS-WAS and the Regional Nodes/Centers
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Started in 2010

Started in 2011

Started in 2017
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SDS-WAS NAMEE RC



SDS-WAS NAMEE: Dust Forecasts
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Dust prediction models provide 72 hours (at 3-hourly basis) of dust forecast 

(AOD at 550nm and surface concentration) covering the NAMEE region.

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

MODEL
RUN 
TIME

DOMAIN DATA ASSIMILATION

BSC-DREAM8b 12 Regional No

CAMSECMWF 00 Global MODIS  AOD

DREAM8-NMME 00 Regional CAMSanalysis

NMMB/BSC-Dust 00 Regional No

MetUM 12 Global MODISAOD

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



SDS-WAS NAMEE: Files Download

23http://sds -was.aemet.es/

ÁDaily 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.

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

Needed registered user!



SDS-WAS Multi-model

SDS-WAS product

12 Global ςRegional models
(from ~ 100 to 10 km)

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

MEDIAN

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



SDS-WAS Multi-model

SDS-WAS product

12 Global ςRegional models
(from ~ 100 to 10 km)

DustOpticalDepthat 550nm
from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

MEDIAN

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



SDS-WAS NAMEE: Multi -model 

26http://sds -was.aemet.es/

DustAOD at 550nm

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

Surfaceconcentration

Model outputs are bi-linearly interpolated to a common 0.5ºx0.5º grid mesh. Then, different multi-
model products are generated:

CENTRALITY: median - mean

SPREAD: standard deviation ςrange of variation



SDS-WAS NAMEE: Multi -model - ICAP

27http://sds -was.aemet.es/

DustAOD at 550nm
from 15-Oct-2017 12:00 to 18-Oct-2017 00:00

Only global models!



SDS-WAS NAMEE: DOD Model Evaluation 
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http://sds -was.aemet.es/forecast-products/forecast-evaluation

Å Evaluation with AERONET data
Å Graphical NRT Evaluation by site
Å Evaluation scores monthly/seasonal/annual by regions

and sites

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

Å Evaluation of dust models with MODIS Deep Blue retrievals
Å Evaluation scores monthly/seasonal/annual



SDS-WAS NAMEE: DOD AERONET Evaluation 

29http://sds -was.aemet.es/



SDS-WAS NAMEE: DOD AERONET Evaluation 

30http://sds -was.aemet.es/

A set of evaluationmetricsare 
selected: Bias, RMSE, 
correlationcoefficientand 
FGE

Calculationsevaluation
metricsare done for:
Á monthly/seasonal/ annual
Á sitesand regions


