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プレゼンター
プレゼンテーションのノート
I am going to present the developments undertaken at the Earth Sciences Department concerning the modelization of aerosol and chemistry processes inlined within a meteorological model and the latest SDS-WAS NAMEE RC activities.
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The BSC-CNS (www.bsc.es) 

  

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 
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プレゼンター
プレゼンテーションのノート
The Earth Sciences Department is one of the four research departments of the BSC
The department is devoted to the development and implementation of regional and global state-of-the-art models for air quality, meteorology and climate applications.



Earth Science research lines 

High resolution air quality forecast:  www.bsc.es/caliope 
Transfer technology (EIA and AQ studies) 
Climate Change modelling 
New on-line CTM model: NMMB/BSC-CTM 
Dust daily forecast: 
– BSC-DREAM8b  
    http://www.bsc.es/projects/earthscience/BSC-DREAM/ 

– NMMB/BSC-Dust:  
    http://www.bsc.es/projects/earthscience/NMMB-BSC-DUST/ 

– Mineral dust database:  Files download 
     http://www.bsc.es/earth-sciences/mineral-dust/catalogo-datos-dust/ 
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プレゼンター
プレゼンテーションのノート
The main activities on air quality modeling has been focused in the implementation and maintenance of the CALIOPE system and the NMMB/BSC-CTM system.
Complementarily, the department provides mineral dust forecasts with the systems DREAM and recently with the model BSC-Dust.




The BSC-DREAM8b model 
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 Daily forecasts in 2 domains: 
− North Africa-Middle East-Europe (1/3º x 1/3º) 
− East Asia (0.5º x 0.5º) 

  Dust forecast evaluation studies:  
− Single events in the Mediterranean    

(e.g., Papayannis et al., 2005;            
Pérez et al., 2006) 

− Experimental campaigns in source 
regions  
− BoDEX 2005 (Todd et al., 2008) 
− SAMUM 2006 (Haustein et al., 

2009) 
− Anual evaluation over North Africa, 

Mediterranean and Middle East  
    (Pay et al., 2011; Basart et al., 2012)  

→ New model developments 
  Near-real time evaluation 

 Main features 
− USGS 1km and FAO 4km soil texture data 
− 8 particle size bin distribution (0.1 -10 µm)  
− Dust radiative feedbacks (Pérez et al., 2006) 
− Updated dry and wet deposition 
− Inclusion of a preferential source mask  



The BSC-DREAM8b model: Near-real time daily evaluation 
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MODIS AERONET 

MSG/RGB 



BSC dust forecasting models 
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プレゼンター
プレゼンテーションのノート
The DREAM model was developed at the beginning of the 2000’s. The limitation of its meteorological driver to achieved high spatial resolutions motivated the development of the new NMMB/BSC-Dust.
The NCEP-ETA weather forecast model is replaced by a state-of-the-art regional/global NWP model with improved dynamics and physics → NCEP-NMMB (Janjic, 2005, 2007, 2009, 2010, 2011)




The NMMB/BSC-CTM Project 
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The Non-hydrostatic Multiscale Model (NMMB) : 

 Under development at NCEP (Janjic, 2005; Janjic and Black, 2007) as evolution 
of the WRF-NMM model 

 Developed within the Earth System Modeling Framework (ESMF)  
 Arakawa B grid and regular (global) or rotated (regional) lat/lon coordinate  
 NMMB is the regional operational meteorological model in NCEP since October 

2011. 
 Unified model for a broad range of spatial and temporal scales  
 
Multiscale (global to regional) and Nonhydrostatic (up to 1km2  lat-lon resolution) 

 
 

プレゼンター
プレゼンテーションのノート
The main system is build on the meteorological driver NMMB.
NMMB stands for Nonhydrostatic Multiscale Meteorological Model on the B grid, and it is the last meteorological model developed at the National Centers for Environmental Prediction
It is an evolution of the WRF-NMM model.
The main characteristics of the model is its unified dynamical core able to be applied on a global domain or on a limited-area model approach (regional domain).
The multiscale characteristic is complemented with the nonhydrostatic dynamics of the model, that allows the application of the system at resolution of up to 1km2 (horizontal resolution)from local to global domains.




· Fully on-line access coupling: feedback processes allowed 
· Multiscale: global to regional scales allowed 

NMMB/BSC-Chemical Transport Model 
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プレゼンター
プレゼンテーションのノート
In summary, the NMMB/BSC-CTM is developed based on the NMMB.
The gas-phase chemistry, the mineral dust and sea salt aerosols has already been implemented.
The model will be configured at global very high –resolution, and the secondary aerosols and an ocean model will be coupled with the system.
Thus, the range of application of the model will be extended from short- to climate applications.




NMMB/BSC-Gas Phase (Jorba et al. 2012) 
Regional run: 2010 

プレゼンター
プレゼンテーションのノート
Focusing on surface air quality, here we can see an example of the model results configured at regional scale.
European emissions from the TNO has been processed and ingested to the modeling system.
In the right panel we show results for the surface ozone for the European continent.
The model results are being evaluated with a large network of surface observations, obtaining good results with correlation values between 0.6 to 0.8
The lower right panel show the modeled and observed daily mean concentrations over Europe for the period May to November. Model results nicely reproduce the dynamics of this period modeling the ozone peaks with an important degree of accuracy.



NMMB/BSC-SSA (Spada et al. 2013) 
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Global run: AOD at 550nm 2006 

プレゼンター
プレゼンテーションのノート
Here we can see an animation of the aerosol optical depth at 500 nm for a global run of 2006 year.
We can clearly appreciate how in the mid-latitudes northern hemisphere the aerosol load in the atmospheric column dominates, while during summer the southern hemisphere bell concentrates the major production of sea salt aerosol.



· 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) 
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NMMB/BSC-SSA (Spada et al. 2013) 



• Source function: update databases 
 
 
 
 
 
 
 
• Physically-based emission scheme: Saltation and sandblasting 
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NMMB/BSC-Dust (Pérez et al. 2011) 

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

Image from Carlos Pérez 
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NMMB/BSC-Dust (Pérez et al. 2011) 

Regional run: AOD at 550nm April 2011  
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NMMB/BSC-CTM: 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)  

Implement effects of aerosols on meteorology 

Coupling the model with an ocean model for climate 
applications 

Explore methodologies for aerosol data assimilation 

プレゼンター
プレゼンテーションのノート
To finalize, we have several plans to continue the evaluation efforts and developments.
We plan to couple a secondary aerosol module for high-resolution applications. This work is done in collaboration with the University of California Irvine, the group of professor Donald Dabdub.
As said before, the global multi-component aerosol module will be finalized this year, implementing the BC, OC and SU aerosols.
Moreover, we have a collaboration with an expert in volcanic ash modeling and we are starting the implementation of a volcanic module within the system to study the impacts of volcanic ash on radiation.
In this sense, the radiative effects of the aerosols will be extended from dust to the other relevant aerosols using the RRTM radiation package.
And finally, we plan to explore some methodologies for aerosol data assimilation to improve the initial conditions of our aerosol fields.



· Participate in the ICAP global-model intercomparison 
project 

· Mineral dust forecasts for SDS-WAS North Africa, 
Middle East and Europe portal 
 
 http://sds-was.aemet.es/ 

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

· Participate in the Charmex Chemistry-Aerosol 
Mediterranean experiment 

BSC dust forecasting collaborations 
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プレゼンター
プレゼンテーションのノート
Finally, mention that the group is providing forecast products with the NMMB/BSC-CTM for several research and operational puroposes.
We are participating in the ICAP international initiative in the intercomparison of global aerosol models
We provide aerosol results for the experimental campaign Charmex
And are participating in the intercomparison project of air quality online models AQMEII
Furthermore, the NMMB/BSC-CTM model has been selected to provide operational dust forecats for the first specialized center fo mineral dust prediction of the WMO that will be located in Barcelona and hosted by AEMET and BSC.



SDS-WAS: http://www.wmo.int/sdswas 
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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 programme 



The global distribution of TOMS dust sources.  
Extracted from Prospero et al. (2002, Rev. Geophys.) 

SDS-WAS Regional Centers 

ASIAN 
NA-ME-E 

Pan 
American 
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SDS-WAS: Asian RC (http://www.sds.cma.gov.cn) 

プレゼンター
プレゼンテーションのノート
 according to the WMO SDS-WAS for Asia Second Meeting of the Regional Steering Group 
Next talk



Nexus II Building. Barcelona MareNostrum supercomputer 

The Center is managed by a consortium of AEMET and the 
Barcelona Supercomputing Center (BSC-CNS)  
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SDS-WAS: NA-ME-E RC (http://sds-was.aemet.es) 



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

FORECAST AND PRODUCTS 
• Data exchange 
• Joint visualization 
• Common forecast evaluation 
• Generation of multimodel products 
• Calculation of monthly evaluation metrics 
• New sources of data for model evaluation 
• Sharing model output data files 
• Time-averaged products 



SDS-WAS: Dust models 

MODEL RUN TIME DOMAIN DATA 
ASSIMILATION 

BSC-DREAM8b 12 Regional No 

CHIMERE 00 Regional No 
LMDzT-INCA 00 Global No 

MACC 00 Global MODIS AOD 
DREAM-NMME-

MACC 
12 Regional MACC analysis 

NMMB/BSC-Dust 12 Regional No 

MetUM 00 Global MODIS AOD 

GEOS-5 00 Global MODIS 
reflectances 

NGAC 00 Global No 
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SDS-WAS: Surface concentration joint visualization 

Surface concentration  
from 6-Feb-2013 12:00 to 

9-Feb-2013 00:00 
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AOD at 550nm 
from 6-Feb-2013 12:00 to 

9-Feb-2013 00:00 
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SDS-WAS: AOD joint visualization 



SDS-WAS: Generation of multi-model products 

AOD at 550nm 

from 6-Feb-2013 12:00 to 9-Feb-2013 00:00 

Surface concentration 

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 – range of variation 
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New sources of data for model evaluation 

 Visibility  

 MSG 

 MODIS 

 OMI 

 CALIPSO 

 PARASOL 

 MPLNET 

 PM10 
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SDS-WAS: Dust observations 

プレゼンター
プレゼンテーションのノート
PM10: Europa i el Cairo



SDS-WAS: Model intercomparison 
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http://sds-was.aemet.es 



SDS-WAS: NRT Evaluation using AERONET 

Model evaluation metrics (bias, correlation, RMSE and FGE) are calculated:  
 
• By regions: NA-ME-E, Sahel/Sahara, Middle East and Mediterranean 
• By time periods: monthly, seasonal and annual  
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 Besides dust, there might be other 
aerosol types (anthropogenic, 
biomass burning, etc.).  Then, a 
small BE could be expected. 

 Scores for individual sites can be 
little significant for being 
calculated from a small number of 
data.  

 The RMSE is strongly dominated 
by the largest values. Especially in 
cases where prominent outliers 
occur, the usefulness of the RMSE 
is questionable and the 
interpretation becomes more 
difficult. 

Calculation of monthly evaluation metrics  
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SDS-WAS: NRT Evaluation using AERONET 

プレゼンター
プレゼンテーションのノート
Pel mes vinent s’inclouran 3 regions africa, orient mitjà i mediterrani



24 April 2013 
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SDS-WAS: NRT Evaluation using satellite aerosol products 



19th August 2013 

30 

SDS-WAS: NRT Evaluation using MODIS 
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19th August 2013 

SDS-WAS: NRT Evaluation using MODIS Deep Blue 



MB 

Correlation 

NMMB-BSC/Dust Multimodel MEDIAN 
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SDS-WAS: NRT Evaluation using MODIS Deep Blue 



NMMB-BSC/Dust Multimodel MEDIAN 

RMSE 

FGE 
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SDS-WAS: NRT Evaluation using MODIS Deep Blue 



AGADEZ SOUTH, Niger 
March 2013 

PM10 = 1339.84 V-0.67 
Ben Mohamed et al. (1992) 
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SDS-WAS: Evaluation using VISIBILITY data 



 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. 
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SDS-WAS: Files download 

プレゼンター
プレゼンテーションのノート
On progress



SDS-WAS: Model intercomparison 
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http://sds-was.aemet.es 



MODIS True color 7 April 18:00 

 The selected dust event corresponds 
to the one which occurred between 
the 5th and 11th of April of 2011.  

 Participating models: BSC-DREAM8b, 
NMMB/BSC-Dust, ECMWF-MACC and 
UKMetOffice-UM 

 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).  

(Huneeus et al., in preparation) 
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SDS-WAS: Model intercomparison April 2011 

EVORA 

プレゼンター
プレゼンテーションのノート
As a contribution to the activities of the SDS-WAS NAMEE node we intend to complement its effort by conducting a case study where different dust forecast models are compared against observations for a given dust event, which occurred in April 2011. We are interested in exploring the differences between the models to simulate different datasets and identify whether this is due to vertical profile, optics, size distribution, removal fluxes, wind fields or other model characteristics or processes. Studying a specific dust event allows to also investigate on higher time frequency of a few hours the capacity of the models to predict the approach of a dust event.
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SDS-WAS: AERONET Model intercomparison April 2011 



60 – 80 dust cases for the period Jan 2011 – Jun 2013 

BSC-DREAM8b v2  

NMMB-BSC/Dust 

DREAM8-NMME-MACC 

BOLCHEM 
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SDS-WAS: Lidar and models intercomparison 



Barcelona Dust Forecast Center 
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First Specialized Center for Mineral Dust Prediction of WMO 
NMMB/BSC-CTM selected to provide operational forecasts 



Next Dust events 
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7th International Workshop on Sand/Duststorms  
and Associated Dustfall 

2-4 December 2013, ESA/ESRIN, Frascati (Rome), Italy 



Next Dust events 
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Session Modelling and field Studies - 
Atmospheric dust modelling and forecast 

Convened by J.M. Baldasano and E. Terradellas 



www.bsc.es 

Thank you!  

Contact: sara.basart@bsc.es 
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プレゼンター
プレゼンテーションのノート
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