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BSC Departments 

  

The Earth Sciences Department is devoted to the development and 
implementation of regional and global state-of-the-art models for air quality, 

meteorology and climate applications 



ES air quality modelling activites 
!   CALIOPE daily forecast and near-real time verification 

!   BSC/DREAM and NMMB/BSC-Dust daily forecast and verification 
North Africa/Mediterranean - 1/3 x 1/3 degree resolution 

Asia domain - 1/2 x 1/2 degree resolution 

à http://www.bsc.es/earth-sciences/mineral-dust-forecast-system/
bsc-dream8b-forecast/ 

ü   Daily experimental forecasts for meteorology and air quality (12 km for Europe and 4 km for the 
Iberian Peninsula) (http://www.bsc.es/caliope).  



•  To establish and 
improve systems 
for forecasting  
and warning to 
mitigate the 
impact of Sand 
and Dust Storms 

 
•  To deliver 

products useful to 
a wide range of 
users  in 
understanding and 
reducing the 
impacts of Sand 
and Dust Storms 

SDS-WAS NA-ME-E RC: http://sds-was.aemet.es 
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sdswas@aemet.es 

First Specialized Center for  
Mineral Dust Prediction of  

the World Meteorological Organization 



Severo-Ochoa Earth Sciences Application 

! Development of Unified Meteorology/Air Quality/Climate model  
–  Towards global high-resolution system for global to local assessments 
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!   International collaborations: 
  
 

Meteorology 
  
 

Climate 
Global aerosols 
  
 

Air Quality 
  
 

Uni. of California Irvine Goddard Institute Space Studies National Centers for 
Environmental Predictions 

●  Extending NMMB/BSC-CTM 
from coarse regional scales 
to global high-resolution 
configurations 

●  Extending short-term 
applications to climate 
scales 





NMMB/BSC CHEMICAL TRANSPORT MODEL 



Main model framework 

!   The Nonhydrostatic Multiscale Meteorological Model on the B 
grid (NMMB) 

!   Developed at National Centers for Environmental Prediction 
(NCEP) 

! Multiscale (global to regional) and Nonhydrostatic (up to 
1km2 horizontal resolution) 



Model equations 

METEOROLOGY CHEMISTRY ON-LINE INTERACTIONS TAKEN INTO 
CONSIDERATION BY NMMB/BSC-CTM MODEL  

AND ITS FUTURE DEVELOPMENTS 

Resolving the full compressible 
primitive equations: 

Mass conservation 

 

 

Momentum conservation 

Energy conservation 

Moisture conservation 

Gas – aerosol conservation 



The chemical term: chemical mechanism 
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· fully on-line access coupling: feedback processes allowed 
· multiscale: global to regional scales allowed 

NMMB/ 
BSC-CTM 

Nonhydrostatic Multiscale 
Model on the B-grid (NMMB) 
meteo variables/parameters 

→ Janjic and Gall  
(NCAR/TN 2012) 
→ Janjic and Vasic 
(EGU2012) 
→ Janjic et al. 
(MWR 2011) 
→ (...) 

BSC Chemical  
Transport Model 
(gas/aerosol 
variables: mass 
mixing ratios) 

GAS-PHASE 
CHEM 
(52 species) 

DUST 
(8 bins) 

SEA-SALT 

→ Jorba et al. 
(JGR 2012) 

→ Pérez et al. 
(ACP 2011) 
→ Haustein et al. 
(ACP 2012) 

→ Spada et al. 
(ACPD 2013) 

NMMB/BSC-Chemical Transport Model (Overview) 



MINERAL DUST MODULE 



Source function: update databases 

)1)·(1·(· SnowCoverVEGFRACPREFUSGS −−=δ

USGS landuse dataset [0-1] 

USGS.Preferential sources [0-1] 

NESDIS vegetation fraction [0-1] 

Source function δ [0-1] 

1km dataset with 94 landuse categories 
0.144 degree monthly 5-yr climatology 

[Ginoux et al., 2001] 

The NMMB/BSC-DUST model (Pérez et al., 2011) 



The NMMB/BSC-DUST: Regional domain 
Satellite comparison for 2006 (Pérez et al., 2011)  

NMMB/BSC-DUST MISR OMI 

Winter 

Spring 

Summer 

Autumn 



ü  Perturbed forecast improved in 
most of the atmospheric layers       

ü   Reduction of the low level warm bias 
ü  Reduction of the upper level 

cold bias  

Improvements in NWP 

Feedbacks: Dust-radiation interaction 

(Pérez et al., 2006; Pérez et al., 2011) 
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Dust AOD at 550nm April 2011  



SEA SALT AEROSOL MODULE 
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The sea-salt module (Spada et al., 2013) 

rd → rw = rd · Ф(RH) 
 
ρd → ρw = ρd Ф

-3+(1-Ф-3)ρwater 
 

→ aerosol module 
extended to wet aerosol 

→ emission of ssa aerosol depends on 
surface wind speed and SST 
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SEA-SALT AOD500nm 
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Impact of resolution 
· GLOB(L) and GLOB(H) resolutions seem to give quite similar results, although... 

→ at smaller scales 
    (REG = 0.1 x 0.1)  
     the model becomes able to 
     resolve steep topographies 
     
→ in these cases (such as  
     for the New Zealand domain), 
     the observed SCONC  
     climatologies are  reproduced 
 
→ obvious but not trivial:  
     smaller scales (≈0.1deg)  
     effects may affect  
     larger scales (>1deg) 



GAS-PHASE MODULE 



Gas phase results 



Regional run results 
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Ozone surface concentration in summer (ppb) 



FUTURE WORK 
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Future Developments 
!   Coupling of chemistry gas-phase with a secondary aerosol scheme 

for LAM applications at high-resolutions. 

!   Implementation of the other global relevant aerosol species, i.e. 
black (BC) and organic carbon (OC), and sulfate (SO4), in addition 
to dust (DU) and sea salt (SSA).  

!   Implementation of a volcanic ash module (Fall3D model, Folch et 
al., 2008) within the modeling system 

!   Implement effects of aerosols on meteorology 

!   Coupling the model with an ocean model for climate applications 

!   Explore methodologies for aerosol data assimilation 
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Providing forecast products for 

· Participate in the ICAP global-model 
intercomparison project 
 
  http://www.nrlmry.navy.mil/aerosol/icap.1087.php 

· Mineral dust forecasts for SDS-WAS North Africa, 
Middle East and Europe portal 
 
  http://www.bsc.es/earth-sciences/mineral-dust/nmmbbsc-dust-forecast 

· Participate in the AQMEII on-line Air 
Quality model intercomparison project  

· Participate in the Charmex Chemistry-
Aerosol Mediterranean experiment 



www.bsc.es 
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