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Ciencias de la Tierra

Pronóstico de Calidad del Aire

Transporte polvo mineral

Transporte cenizas volcánicasCambio climático

Desarrollo modelo global de 
polvo mineral-química

Transferencia de tecnología:
Estudios de impacto ambiental
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CALIOPE:
Air Quality Forecasting 
System
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Resolution improved to 12 km for all 
Europe, 4 km for the Iberian peninsula, 
and 1 km for hot spot regions within 

MareNostrum Supercomputer

Enhancing spatial resolution Enhancing spatial resolution ––
towards a new generation air towards a new generation air 

quality modeling systemquality modeling system

High-resolution modeling

Precipitation

Water vapour

http://salam.upc.es/caliopehttp://salam.upc.es/caliope
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Database information management  

Biogenic emissions 
 
• Land use map 

• Emission factors and 

biomass 

• Meteorological 

information (air temperature, 

solar radiation) 

On road, ships and 
aircrafts traffic 

 
• Roads (urban streets, roads, 

etc.), LTO cycles and ships routes 

• Hourly, weekly and monthly 

profiles 

• Distribution of the  vehicles 

• Velocity by road type 

• Meteorological information 
(air temperature) 

• Type of combustibles 

Industry and electric 
generation 

 
• Location (point/area) 

• Production / electric 

generation 

• Emission factors – energetic 

intensity 

• Chimney height / diameter  

 

Residential and 
commercial 

 
• Density population map 

• Combustibles consume 

• Emission factors 

• Solvent use 

• Waste generation 

 

 

Emission computation and speciation  

Speciation 

BVOCs NOx, VOCs, CO, SO2, particulate 

matter, CO2, CH4 and N2O 

NOx, VOCs, CO, SO2, particulate 

matter, CO2, CH4 and N2O 
NOx, VOCs, CO, SO2, particulate 

matter, CO2, CH4 and N2O 

Management of emission data for air quality 
modelling  

 • Hourly aggregation of archives (4x4 km, 1x1 km grid size) 

• Height desaggregation (vertical layers) 

• Database resolution (1 - 4 km grid size) 

• Generation of netCDF emission files 

Management of the emission information  
 

 
 

• Visualization and analysis of the results 

• Management information tool 

 

HERMES2004: High-Elective Resolution Modelling Emission System
(Baldasano et al 2008)
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Surface tropospheric ozone, 18-21 Jun 2007
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Surface level PM2.5 sulfates, 19-21 Jun 2007
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http://www.bsc.es/projects/earthscience/AirQuality/sub_fc_val_google.php
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1. Operational meteorological validation: MSG 2. Operational meteorological validation: RADAR 3. Operational air quality validation: OMI NO2

tropospheric column
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● Workflow of a 48 h high-resolution air quality simulation of Europe at 

12 km and Spain at 4 km

Computational requirements 

Meteorology

Emissions

Chemistry
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•NEW GENERATION OF EARTH SYSTEM MODELLING  

FRAMEWORK (ESMF) IN MARENOSTRUM PARALLELIZED 

ENVIRONMENT

•IMPLEMENTATION OF MINERAL DUST MODULE

•IMPLEMENTATION OF FULL CHEMISTRY COMPONENT ON-

LINE

•CODE IMPROVEMENT AFTER BENCHMARK AND 

PERFORMANCE STUDIES

New model development: Global / Regional ESMF/NMM-b

(2007-2010) in cooperation with NCEP-NOAA(USA)

Eta model ESMF/NMM-b model

Regional model Global/Regional model

Hydrostatic Non-hydrostatic

Eta coordinate Sigma coordinate

Arakawa E-grid Arakawa B-grid

Convection parameterization Microphysical convection

Implementation of aerosol and chemistry 

module into the most recent parallelized and 

non-hydrostatic version of the NMM/ NCEP 

model, with application either as a limited 

area or global model

�������� Increasing resolution

���� Global model domain

���� High resolution dust forecast
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NMMB/BSC-DUST

● NMMB results II

MSG dust image
20-05-06 12z
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Global dust simulations with NMMB/BSC-Dust
11-25 May 2006: Samum Campaign period

0.3333 deg meridionally (37 km) 
64 vertical levels resolution, comparable 
to operational GFS resolution
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NMMB/BSC-DUST

● NMMB results V

DREAM 8 bins NMMB-DUSTDREAM operational
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vertical cross section dust extinction coefficient (Ouarzazate)
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WMO Sand and Dust Storm Warning and Assessment Syst em (SDS WAS)

● To enhance the ability of participating countries to establish and improve systems for 
forecasting and warning to suppress the impact of Sand and Dust Storm

by  
● Establishing  a coordinated global network of Sand and Dust Storm forecasting 

centers delivering products useful to a wide range of users  in understanding and 
reducing the impacts of SDS

BSC-CNS
AEMET, Spain China Meteorological

Administration (CMA)
Xiao Ye Zhang

xiaoye@cams.cma.gov.cn

WMO REGIONAL CENTRES

North Africa, Middle East and Europe Asia
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Need for high 
resolution in Europe 

for climate 
simulations

Trends in extreme events: 
torrential precipitations, 
heat waves, droughts, air 
pollution episodes, 
affecting human health

MAIN OBJECTIVE: 

ESTIMATE CLIMATE CHANGE 
IMPACT ON AIR POLLUTION 
AND METEOROLOGY OVER 
EUROPE
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OASIS3

Atmosphere: 
IFS

Ocean: 
OPA

Today: System 4

OASIS3

Atmosphere: IFS

Ocean: OPA

Sea-ice 

Land: IFS H-tessel

Chemistry: TM5

Vegetation

EC-EARTH
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Volcanic ash forecast (Folch et al 2008)

Application to the May 2008 Chaitén volcano eruption
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