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Preamble 

The GMES Services being developed by the five projects partly funded 

by the European Commission provide geo-spatial products and services. 

These products and services can be exploited either directly by end-

users or by providers offering value-added services which build on the 

basic services. These value-added services are generally referred to as 

"downstream services". 

This document provides both end-users and value-added service 

providers with a description of the products and services developed by 

the MACC project (www.gmes-atmosphere.eu), as well as with indicative 

timescales for their delivery. 

The products and services described in this document may undergo 

revisions during the lifetime of MACC. Hence the information provided 

should be considered being of an indicative nature only. 
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1 Contribution to GMES Services 

MACC is the EU FP7 Research Project responsible for the development 

of the GMES Atmosphere Monitoring Service. 

MACC combines computer model simulations with world-wide 

observations to monitor the composition of the Earth’s atmosphere and 

predict regional air quality. 

MACC provides data that are critical to the understanding of climate and 

to the improvement and validation of the computer models that are 

used to predict climate change. It also provides information important 

for the protection of health and for the efficient exploitation of sources 

of renewable energy. 

MACC monitors the distributions and long-range transport of 

greenhouse gases such as carbon dioxide and methane, aerosols that 

result from both natural processes and human activities, and reactive 

gases such as tropospheric ozone and nitrogen dioxide. It provides 

global forecasts of reactive gases and aerosols, as well as detailed 

forecasts and assessments of air quality in Europe. It also provides 

records and forecast for stratospheric ozone, UV radiation and solar 

energy. 

 

 

Example of Product: Ozone Concentration 

 

 

 

 

   

MACC is a Collaborative Project partly funded under the 

Seventh Framework Programme of the European Union. 
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2 Products and Services 

MACC includes global and regional processing elements which 

provide both "primary" and "derived" products. 

Primary products are defined to be the direct outputs of the global and 

regional data assimilation and forecasting systems employed in MACC. 

Derived global and regional products are the results of further 

processing of the primary outputs. 

MACC also provides derived observational and emission products based 

on the satellite data retrievals and estimates of fire and other emissions 

that it generates primarily to meet the input needs of its global and 

regional processing systems. 

The products and services mentioned above are briefly described 

hereafter. More detailed specifications are provided as annexes. 

All MACC products related to atmospheric composition are made 

publicly available. 

 

 

2.1 PRIMARY GLOBAL PRODUCTS 

Primary global products are issued from three separate production 

streams: 

• Near-real-time production, which corresponds to production of 
global analyses and forecasts within a few hours of observation 
time, in due course twice-daily; 

• Delayed-mode production, which corresponds to global 
analyses will be produced about five to six months behind real 
time; 

• Reanalysis production, which corresponds to retrospective 
analysis products for global greenhouse gases, reactive gases 
and aerosols for the period from 2003 onwards. 

In addition, MACC also supplies stratospheric ozone record and near-

real-time service and total ozone record, monitoring and forecasting 

service. 

2.2 PRIMARY REGIONAL PRODUCTS 

Primary Regional Products are provided by seven regional air-quality 

analysis and forecasting systems (CHIMERE, EMEP, EURAD, SILAM, 

LOTOS-EUROS, MATCH and MOCAGE) which address the following 

species: O3, NO, NO2, CO, SO2, PM2.5 and PM10. 
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Analyses are provided for the day before (hourly) and forecasts are 

provided for the next 72 hours (hourly). They are given for the following 

levels: surface level, 500m, 1000m, 3000m and 5000m above ground. 

Ensemble air quality reanalyses are provided for the years 2007, 2008 

and 2009. 

Note: detailed technical specifications of the six systems are available on 

the MACC website (www.gmes-atmosphere.eu).  

2.3 DERIVED GLOB AL AND REGIONAL PRODUCTS 

Derived global and regional products comprise: 

• Gridded fluxes of CO2 (weekly resolution) and CH4 (monthly 
resolution), provided at six months’ delay; 

• Aerosol source/sink inversions and climate forcing; 

• Routine production of the AEROCOM service using aerosol 
analysis and forecasts from the global aerosol production; 

• Dust monitoring and forecasting, and retrospective analyses for 
use in studies of meningitis epidemics; 

• Pre-operational version of a web-oriented warning and 
information system for health impacts of poor air quality, based 
on MACC forecasts; 

• Graphical presentation of the origin of predicted pollution 
episodes; 

• Source-allocated forecasts of regional air quality episodes; 

• Reanalyses of past air quality episodes; 

• Toolbox and library of test cases for air quality emergency 
scenarios. 

2.4 DERIVED OBSERVATIONAL AND EMISSION PRODUCTS 

Derived observational and emission products comprise: 

• Aerosol data retrievals from the (A)ATSR, AVHRR, GOME, GOME-
2, SCIAMACHY and SEVIRI instruments; 

• Carbon-dioxide and methane retrievals from the AIRS and IASI 
instruments; 

• Ozone and nitrogen dioxide retrievals from OMI, SCIAMACHY, 
GOME and GOME-2; 

• An updated inventory of global and European-regional 
emissions; 

• Near-real-time and retrospective analyses of fire emissions. 

 

 

http://www.gmes-atmosphere.eu/
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3 Indicative Time Scale 
The products and services delivered by MACC will be made available 

according to the time scale indicated in the next sections. 

3.1 PRIMARY GLOBAL PRODUCTS 

Most primary global products are already available to users (near-real-

time and delayed-mode global analyses and forecasts of greenhouse 

gases, reactive gases and aerosols, stratospheric ozone records and 

near-real-time analysis, etc.).  

New MACC reanalysis for 2003 – 2010 will be available in October 2011. 

3.2 PRIMARY REGIONAL PRODUCTS 

Most primary regional products are already available to users (Daily 

European-scale air-quality forecasts up to 72h and analyses for the day 

before, etc.). 

The web-based graphical display of results and supply of data products 

from ensemble regional air quality re-analysis production for the years 

2007, 2008 and 2009 will be available in February 2010. 

3.3 DERIVED GLOB AL AND REGIONAL PRODUCTS 

Derived global and regional products will be made available according 

to the time scale given below. 

 

Date Products 
May 2010 • CO2 source and sink inversions (Quarterly) 

• CH4 source and sink inversions (Half yearly) 
• Service for dust forecasting and near real time 

monitoring using satellites and the Aeronet 
network 

November 2010 • Graphical presentation of the origin of forecasted 
pollution episodes 

January 2011 • Long-term retrospective analysis of dust (DREAM 
model) and Aerosol Index (TOMS-OMI) with 
meningitis epidemics data 

May 2011 • CO2 source and sink inversions (Monthly) 
• AEROCOM service using aerosol analysis and 

forecasts from the global aerosol production 
(Monthly) 

• Toolbox for air quality emergency scenarios 
available through Internet 

October 2011 • Aerosol source and sink inversions 
• Aerosol climate forcing 
• Pre-operational version of a web-oriented 

warning and information system for health 
impacts of poor air quality, based on MACC 
forecasts 
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Date Pro cdu ts 
• Regional air quality forecasts with source-

allocation capabilities in Internet 
• Library of test cases for air quality emergency 

scenarios 
November 2011 • CO2 source and sink inversions reanalyses for 

2003-2010 
• CH4 source and sink inversions reanalyses for 

2003-2010 

3.4 DERIVED OBSERVATIONAL AND EMISSION PRODUCTS 

Several derived observational and emission products are already 

available: 

• SYNAER near-real-time data; 

• ATSR-DV near-real-time regional aerosol products over Europe; 

• ATSR-DV global aerosol products; 

• SEVIRI aerosol products; 

• Near-real time ozone and NO2 data from OMI, SCIAMACHY, 
GOME and GOME-2; 

• Near-real-time fire emission estimates of carbon and other 
species. 

The other derived observational and emission products will be made 

available according to the time scale given hereafter. 

 

Date Products 
May 2010 • Reprocessed data set of global fire emissions for 

G-IDAS reanalyses 

August 2010 • Aerosol optical depths and altitude from IASI 

November 2010 • Stand-alone CO2 and CH4 retrievals from AIRS and 
IASI for 2003 – 2009 

May 2011 • Updated inventory of global and European 
regional emissions based on the RETRO system 

June 2011 • Merged near real-time emission estimates of 
carbon and other species based on the 
approaches used to make the D-FIRE_1 and D-
FIRE_2 products 

September 2011 • Stand-alone CO2 and CH4 retrievals from AIRS and 
IASI for 2009 – 2010 

October 2011 • SYNAER data record 
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Annex 1 Detailed MACC Product Portfolio (version 2, July 2009) 
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List of abreviations 
3DVAR three-dimensional variational data assimilation 
CHIMERE IPSL/LISA CTM 
CTM Chemistry Transport Model 
EMEP cooperative programme for monitoring and evaluation of long-range transmission 

of air pollutants in Europe 
EPA Environmental Protection Agency 
EURAD EURopean Air pollution Dispersion model 
HDF hierarchical data format 
INERIS Institut National de l’Environnement industriel et des RISques 
IPSL Institut Pierre Simon Laplace 
KNMI Royal Netherlands Meteorological Institute 
LISA Laboratoire Interuniversitaire des Systèmes Atmosphériques 
LOTOS long term ozone simulation 
MERIS medium resolution imaging spectrometer 
Météo-France French  Meteorological Office 
MOCAGE Meteo-France CTM 
NRT Near Real Time 
OI optimal interpolation 
OL offline 
OMF Observation Minus Forecast 
PM Particulate Matter 
RIU Rhenish Institute for Environmental Research at the Univ. of Cologne 
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1. INTRODUCTION 
European integrated air quality analyses and forecasts 

The Integrated air quality Service aims at providing numerical air pollutant forecasts and near 
real time maps throughout Europe, for regulatory atmospheric pollutants. Ozone, nitrogen 
dioxide and Particulate Matter will be mainly concerned. This service is based on the results 
of simulations issued from chemistry-transport models (CTM) run at the European scale. 
Observation fields from in-situ measurement networks and from satellite retrievals (when 
available) are used to improve the numerical fields following an a posteriori procedure 
(analyzed maps) or in forecast mode. 

This service will bring technical elements to answer authorities and public expectations 
related to air quality. Indeed, the citizens feel more and more concerned by the state of the 
environment and the atmopsheric pollution is one of the most sensitive topics. The graphic 
products issued from the service will help to enhance comprehension and anticipation of 
pollution events. This is also of high interest for the authorities in charge of air quality 
management. Supporting the implementation of the thematic Strategy for Air Pollution 
(CAFE), the European Environment Agency (EEA) builds air quality databases for Europe 
gathering observations. The integrated air quality service will propose relevant and consistant 
information to fill these databases with spatialised fields of air pollution issued from 
numerical treatments. Need for near real time data raises also at the national and local levels 
to anticipate strong pollution episodes and the effect of potential control measures. This can 
allow a better management of these events. The integrated Air quality platfom gives a 
relevant approximation of the pollutants concentration fields which could be use either in 
state to diagnose the air pollution situation or as input data of local scale models for higher 
resolution simulations.  
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2 SERVICE OVERVIEW 

2.1 Introduction 

Building an integrated platform to provide in an operational daily way, information related to air 
quality, implies that several components have to be developed.  

1. Compilation of observation data.In-situ measurements issued from official monitoring networks 
are widespread throughout the whole of Europe, but still need to be gathered and consistently 
compiled to feed the service. Availability of 3-dimensional data (radiosondes, LIDARs networks, 
aircraft measurements..) is increasing and this new type of information needs also to be 
considered. 

2. Compilation of satellite retrievals and and implementation of their appropriate treatment to allow 
their use to deal with the service purposes. 

3. Provision of operational chemistry transport models runs, on a daily basis, simulating up to three 
days forecasts of ozone, nitrogen dioxide and PM concentrations, and maps of the D-day and the 
day before corrected with the observations (compiled at the sublevels 1 and 2).  

4. Integration of the model runs in a common platform; uncertainty analysis and feasibility study for 
providing “ensemble” outputs (only one result issued from a combination of different models 
results). In a first stage three models will be included in the service (those which have 
demonstrated to be operational in PROMOTE stage 1) and at the end of the project, five models 
should be concerned. 

 

2.2 Service structure 

 

1- Compilation of in situ- data. Air quality monitoring networks are differently managed different 
depending on the country. In some cases, their implementation is totally centralised and put under 
the supervision of national organizations: environment agencies, national weather services, 
research insititutes… In other cases, local organisations are responsible for the network in 
geographically limited areas. In these cases the national level can interfere or not to insure the 
consistency of the data throughout the country. These data are crucial to evaluate numerical 
models, to improve forecasts and to provide a posteriori analysed maps, but they are difficult to 
compile because of their variety. The partners involved in the service have their own contacts to 
get, generally partly and at least in their own country, some in-situ data. A compilation work will 
be done to build a relevant database for the service. Partnership with the European Environment 
Agency needs to be established to access to the air quality databases they process. 

2- Compilation of satellite data. Satellite retrievials are provided by some partners of the service for 
nitrogen dioxide and PM. These data however need to be processed to be correctly interpreted by 
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the models, and if possible used in an operational way. Exchanges between the satellite 
community and the modellers are still needed to specify the nature of the expected satellite 
products. This is the first stage of this step, followed by the implementation of routines in the air 
quality models devoted to the assimilation of satellite data (if possible). Assimilation to inverse 
emission and improve data provided by the emission inventories should be a relevant application. 
Available earth observation data will be used to evaluate the model results. The relevance of 
assimilating satellite retrievals for air quality forecasting and analysis will be assessed by the 
modelling teams, but no product is defined with this topic.  

3- Provision of air quality model results. At the end of the project, five models will run in an 
operational way to provide ozone, nitrogen dioxide and PM concentration fields throughout 
Europe with a 50km*50km resolution. Comparison of the model results to observations will 
ensure the relevance of the simulations and will help to build users’ confidence. Intercomparison 
of the model results is also necessary to assess the range of variability of the outputs, which can be 
seen as a part of the modelling uncertainty. This task, involving all the modelling teams, is 
necessary to define consistent fields of input data, to choose the relevant outputs and to interpret 
the differences that will be found.  

4- Integration of the results in a common platform. The added value of the service is to give the 
opportunity to the users to get reliable information about air quality, issued from several models 
and from available abservation datasets.However a significant effort is needed to develop such a 
consistent approach, which should also comply with the users requirements. Specific study to 
assess the relevance of different “ensemble” approaches is planned. The graphic outputs (the 
maps) as well as the numerical fields will be available on the platform for downloading. The 
integrated platform providing air quality forecasts and analyses, as an ensemble result is the final 
product of the service. 
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3 PRODUCT SPECIFICATION 

3.1 Introduction 

This chapter provides the specification of all products in the integrated air quality service. One product 
generally contains one parameter; only when several parameters are simultaneously generated on equal 
grids by one generation system, more parameters are collected in one product. 

The following tables summarize the integrated air quality service products. Each product has been 
assigned a unique identifier to assure clear referencing; the identifier is also given in the table. 

Necessary input data such as satellite reflectances and spectra (level 1) and asynoptic geophysical 
parameters in satellite projection (level 2) or ground-based in situ data and meteorological fields are 
treated as input which will not be specified in this document. These input data will be listed in the 
product specifications and described in more detail in document C10 “Data Sources Inventory”. 
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Integrated air quality Service 

Service description name 

Long-term strategy: Elaborate a European network of slyill and experience to provide operational air 
quality forecasts and analysesof groud level pollutant concentrations in Europe 
Availability: 2008 for the first results  
Stage 2 goal: forecasts and analysed maps of ozone, nitrogen dioxide and PM throughout Europe with 
a 50km*50km resolution 
Users: AIRPARIF, EEA, Helsinki Concil 

Product acronym Product name 

IAQ-forecasts-GSE-
PRO2 

Integrated Air quality forecasts in Europe 

IAQ-analyses-GSE-
PRO2 

Integrated Air quality analyses in Europe 

 

Table 3.1-1: List of products in the IAQ service 
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3.2 Specification of the Products of the IAQ Service 

3.2.1 Product 1 : IAQ-forecasts-GSE-PRO2 

Up to two-days air quality forecasts throughout Europe, computed with chemistry-transport models 
with a 50km*50km resolution are available on a daily basis. They results from three model runs (in a 
first stage) which have been evaluated in a forecast mode for several years. In a second stage (year 2 
and 3) two additional models will be incorporated. These results are combined in such a way that only 
one “ensemble output” is provided by the service. Ozone, nitrogen disoxide and PM are the pollutants 
concerned with this product. 

The IAQ service will be based on the following ingredients: 

1) Input data 

• Air emission data issued from the EMP emission inventoy (www.emep.int)   

• Meteorological forecasts provided by meteorological models (closely linked to each 
chemistry-transport model) 

• Land use description 

• In-situ observation data 

2) Models involved 

• EURAD (RIU) – 1st stage 

• CHIMERE (CNRS/INERIS) – 1st stage 

• MOCAGE (Météo France) – 1st stage 

• LOTOS-EUROS (TNO) -2nd stage 

• SILAM (FMI) – 2nd stage 
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Product description 

Summary  Near surface air pollutant concentration forecasts throughout Europe (O3, 
NO2, PM) 

Product properties 

Parameter(s) Ground level concentrations of ozone, nitrogen dioxide and particulate 
matter 

Accuracy  To be defined 

Geometric resolution 30km to 50km  

Grid / projection Latitude/longitude 

Spatial coverage Europe 

Temporal coverage Daily forecasts for the D-day, D+1 and D+2 

Data format Maps (gif, jpg) and numerical data (binary) 

availability Daily operational 

Production Process 

Method/algorithm Ensemble forecasts based on 3 to 5 chemistry-transport models results 

Model / assimilation Assimilation of in-situ-data (pollutant concentrations) for intialistion of the 
forecasting process 

reference  

Quality standards 

Production Applied for each model independently and common procedure for the whole 
ensemble 

Product Difference between the ensemble forecasts and the measurements 

Validation Statistical analysis of the difference between the forecasts and the 
measurements 

Input data 

EO data - SYNAER PM data (for evaluation) 
- MODIS fire product (for SILAM) 

Other data -Emission data : EMEP emission inventory 
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- land use data 

- meteorological forecasts issued from different models dependinf on the 
CTM configuration : ECMWF, HIRLAM, ARPEGE, AVN, MM5 

- in-situ O3, NO2 and PM data (for validation) 

Optional or other specific properties (if applicable) 

Historical archive Archived model applications since 2003  

Database of forecasts since Summer 2007  

Offline/NRT Offline for the archives and NRT for the forecasts 

Visualization standards To be defined 

Underlying primary user requirement(s) 

Key requirement - ensemble: daily maps of concentrations over Europe,  

- boundary conditions for downstream services,  

- time series for the monitoring stations 

Originator(s) Public, EEA, National Environment Agencies 

Specification update 

month of last update list of modified specifications or “original specification phase 1” 

Quality standards 

Suitable estimators  Bias, root mean square errors (RMES), correlation coefficient, percentage of 
error lesser than a certain threshold 

Best estimator(s) root mean square errors (RMES), correlation coefficient 
Error bar definition RMS 

Documentation of quality control processes 

Process failure Enabled 

Each team is responsible for the provision of its own 
product and has its own process for detecting failure. 
However the Ensemble platform detects automatically if 
one model does not send the input and the service 
provider is directly contacted by the Ensemble provider. 

Missing data indicators Enabled 
If data are missing in the model files, the maps cannot be 
generated so that the service providers (the modelling 
team) is immediatly aware of the problem 

Version control No enabled The process still needs to be implemented. 

Table  3.2-1: Characteristics of the IAQ-forecasts-GSE-PRO2 product 
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3.2.2 Product 2 : IAQ-analyses-GSE-PRO2 

Ozone and PM concentration analyzed maps are provided throughout Europe on a daily basis. These 
maps are computed with chemistry-transport models run with a 50km*50km resolution. They results 
from three model runs (in a first stage) which have been evaluated for several years. In a second stage 
(year 2 and 3) two more models will be incorporated. So-called analysed-maps mean that the 
simulations are corrected assimilating observation data to improve the representation of the pollution 
patterns. These results are combined in such a way that only one “ensemble output” is provided by the 
service. The product is focused on ozone, because of the availability of a dense measurement network, 
but a feasibility study is also proposed for PM . 

The IAQ service will be based on the following ingredients: 

1) Input data 

• Air emission data issued from the EMP emission inventoy (www.emep.int)   

• Meteorological forecasts provided by meteorological models (closely linked to each 
chemistry-transport model) 

• Land use description 

• In-situ observation data especially from the European Environement Agency in-situ 
databases (near real time and validated) 

• EO data if available with a relevant space and time resolution 

2) Models involved 

• EURAD (RIU) – 1st stage 

• CHIMERE (CNRS/INERIS) – 1st stage 

• MOCAGE (Météo France) – 1st stage 

• LOTOS-EUROS (TNO) -2nd stage 

• SILAM (FMI) – 2nd stage 

 

Product description 

Summary  Near surface air pollutant concentration analyses throughout Europe (O3, 
PM tentatively) 

Product properties 

Parameter(s) Ground level concentrations of ozone and particulate matter 
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Accuracy  To be defined 

Geometric resolution 30km to 50km  

Grid / projection Latitude/longitude 

Spatial coverage Europe 

Temporal coverage Daily  

Data format Maps (gif, jpg) and numerical data (binary) 

availability Daily operational 

Production Process 

Method/algorithm Ensemble based on 3 to 5 chemistry-transport models results 

Model / assimilation NRT assimilation of in-situ-data (pollutant concentrations) for correcting the 
simulation (ground level air quality monitoring network) 

Assimilation of EO if available and relevant 

reference  

Quality standards 

Production Applied for each model independently and common procedure for the whole 
ensemble 

Product Difference between the ensemble forecasts and the measurements with a 
selection of data non use in the assimilation, cross-validation 

Validation Statistical analysis of the difference between the forecasts and the 
measurements, cross-validation 

Input data 

EO data - SYNAER PM data (for evaluation) 
- MODIS for fire products (for SILAM)  

Other data -Emission data : EMEP emission inventory 

- land use data 

- meteorological forecasts issued from different models depending on the 
CTM configuration : ECMWF, HIRLAM, ARPEGE, AVN, MM5 

- in-situ O3, andPM data (for assimilation and validation) 
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Optional or other specific properties (if applicable) 

Historical archive Archived model applications since 2003  

Database of analyses since Summer 2007  

Offline/NRT Offline for the archives and NRT for the analyses 

Visualization standards To be defined 

Underlying primary user requirement(s) 

Key requirement - ensemble: daily maps of concentrations over Europe including 
observations,  

- boundary conditions for downstream services,  

- time series for the monitoring stations 

Originator(s) Public, EEA, National Environment Agencies 

Table  3.2-2: Characteristics of the IAQ-analyses-GSE-PRO2product 
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4 PRODUCT GENERATION 

4.1 IAQ-forecasts-GSE-PRO2 SUB- Service 

4.1.1 System overview 

 

Figure 4.1-1: Overview of IAQ-forecasts-GSE-PRO2 process 

The diagram summarises the IAQ-forecasts-GSE-PRO2 process. The IAQ-forecasts-GSE-PRO2 
key elements are: 

1) Provision of the air quality forecasts by each models 

2) Ensemble modelling 

3) Evaluation 
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Number Origin Short name Description Backup 

1 Database EMEP 
Emission 
inventory 

Gridded 50km*50km  

2 Database GLCF Land use (used by 
CHIMERE) 

 

3 EO Land Cover 
Data 

Landcover data harmonized 
with NWP input 

n.a. 

4 Database ECMWF 
forecasts 

Gridded met. variables with 
~0.25 degree resolution  

HIRLAM forecast 

5 Database HIRLAM 
forecast 

Gridded met. variables with 
~0.150  

ECMWF forecast 

6 Database AVN forecasts Gridded met. variables with 
~1.0 degree resolution 
(CHIMERE and EURAD) 

 

7 Database MM5 forecasts Gridded met. variables with 
36 km and 45 km resolution 
for CHIMERE and EURAD 
respectively 

 

8 Database ARPEGE 
Forecasts 

Gridded met. variables with 
~0.5 degree resolution 

 

10   ECMWF  
11 Database SYNAER PM retrievals  
12 Databases NRT in-situ In-situ observation data 

issued from national and 
research air quality 
monitoring networks 

On the platform 

Table  4.1-1: Input data of the IAQ-forecasts-GSE-PRO2 sub-service 

 

Number type Process name 

1 Preprocessing Input data processing 

2 forecasts  Individual models runs 

3 Data processing   Interpolation 

4 Forecast Ensemble forecast 

5 Post-processing Evaluation 

Table  4.1-2: Sub-processes of the IAQ-forecasts-GSE-PRO2 sub-service 
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Number Short name description Key features 

1 Ensemble 
forecast 

48h forecasts of ozone, nitrogen 
dioxide and PM ground level 
concentrations 

3D numerical data and surface maps 

2 Scores Evaluation of the forecasts 
against observations 

Statistical scores 

Table  4.1-3: Output of the IAQ-forecasts-GSE-PRO2 sub-service 

 

Technical requirements 

External interface(s) 

Ftp transfert of the outputs of the models between the service providers (model teams) and the 
common platform operated by DLR. 

ftp transfert of observation data between the common platform and the modelling team. In situ and 
satellite retrievals will be made available in a private area of the common platform to be available for 
the involved modelling teams. 

Verification and quality control 

Daily evaluation of the performances of both the “individual” models and the ensemble results against 
available observations. 

Hardware 

Specific to each model team : 

CHIMERE : PC cluster system implemented at INERIS 

SILAM : FMI central cluster system 

EURAD: PC cluster system implemented at RIU 

MOCAGE : parallel super computer 

LOTOS-EUROS : Linux PC system 

ENSEMBLE : SUN FIRE system at DLR 

Software 

SILAM is an open-code system written in Fortran 90 with elements of C. 

CHIMERE is an open-code system written in Fortran 77 and 90 
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EURAD is an open-code system written in Fortran 77 and 90 

LOTOS-EUROS is a non open-code system written in Fortran 77 and 90 

MOCAGE is a non-open code system written in Fortran 77 and 90. 

Interpolation procedureAs well as the ensemble post-processing are written in Fortran 90 

4.1.1.1 Process 1: Input data processing 

Each model involved in the ensemble gets its own set-up, especially regarding the meteorological 
forecasts. The first step of the air quality forecasting process is to gather the necessary meteorological 
information from meteorological weather services and to if necessary to run meteological models to 
improve the resolution. 

The same holds for chemical boundary conditions that will be used to feed the regional air quality 
models.  

Finally near real time observation data (at least in situ and earth-observations if available) are gathered 
on the common platform thanks to operational protocoles which allows to get them automatically. 
They will be input of the evaluation process. 

4.1.1.2 Process 2: Individual chemistry transport model runs 

Each model team is supposed to run the CTMs contributing to the Ensemble with its own ressources. 
The results are sent to the common platform following a time line that is ageed between the providers 
to deal with the IAQ platform operational objectives.  

4.1.1.3 Process 3: Interpolation 

Because each model gets its own horizontal and vertical resolutions, it is necesary to post-process the 
results they provide to comparable them and to generate and Ensemble result. Interpolation of the 
numerical gridded results is the main point at this step. It will be performed on the common platform. 

4.1.1.4 Process 4: Ensemble 

The “ensemble” is a process, which allows computing a unique forecasted output based on the results 
of several models. It is supposed to take advantage of the best performance of each model considering 
the geographical area or the time period. In a first stage the median of the individual model runs will 
be used to build the ensemble. 

4.1.1.5 Process 5 : Evaluation 

Daily evaluation of the ensemble and indivudual models runs is performed using near real time 
observation data that are available. Statistical indicators (bias, root mean square error or correlation 
coefficient) and time series are calculated and made available on the IAQ platform website. 
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4.2 IAQ-analyses-GSE-PRO2 SUB- Service 

4.2.1 System overview 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2-1: Overview of IAQ-forecasts-GSE-PRO2 process 

 

The diagram summarises the IAQ-analyses-GSE-PRO2 process. The IAQ-analyses-GSE-PRO2 key 
elements are: 

1) Compilation of in-situ and EO data 

2) Provision of the air quality analyses by each models 

3) Ensemble modelling 

4) Evaluation 

 

Number Origin Short name Description Backup 

1 Database EMEP 
Emission 
inventory 

Gridded 50km*50km  

METEOROLOGICAL 
ANALYSES 

LAND-use 

EMISSIONS 

CTM 

EURAD 
CHIMERE 
MOCAGE 
SILAM 
LOTOS-
EUROS

Air quality 
analyses   

Ensemble air 
quality 
analyses 

In-situ data 

EO data 
 (if relevant) 

INTERPOLATION 
 
ENSEMBLE 
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2 Database GLCF Land use (used by 
CHIMERE) 

 

3 EO Land Cover 
Data 

Landcover data harmonized 
with NWP input 

n.a. 

4 Database ECMWF 
analyses 

Gridded met. variables with 
~0.25 degree resolution  

HIRLAM forecast 

5 Database HIRLAM 
analyses 

Gridded met. variables with 
~0.150  

ECMWF forecast 

6 Database AVN analyses Gridded met. variables with 
~1.0 degree resolution 
(CHIMERE and EURAD) 

 

7 Database MM5 analyses Gridded met. variables with 
36 km and 45 km resolution 
for CHIMERE and EURAD 
respectively 

 

8 Database ARPEGE 
analyses 

Gridded met. variables with 
~0.5 degree resolution 

 

10   ECMWF  
11 Database SYNAER PM retrievals  
12 Databases NRT in-situ In-situ observation data 

issued from national and 
research air quality 
monitoring networks 

On the platform 

Table  4.2-1: Input data of the IAQ-analyses-GSE-PRO2 sub-service 

Number type Process name 

1 Preprocessing Input data processing 

2 Analyses  Individual models runs 

3 Data processing   Interpolation 

4 Analyses Ensemble analysis 

Table  4.2-2: Sub-processes of the IAQ-analyses-GSE-PRO2 sub-service 
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Number Short name description Key features 

1 Ensemble 
analysis 

Daily analysed map of ozone,  
ground level concentrations 

3D numerical data and surface maps 

2 Evaluation 
plots 

Daily plots for ensemble result 
evalutaion 

Multi-model isoline maps for pollutant 
ground level concentration  

Table  4.2-3: Output of the IAQ-analyses-GSE-PRO2 sub-service 

Technical requirements 

External interface(s) 

Ftp transfert of the outputs of the models between the service providers (model teams) and the 
common platform operating by DLR. 

ftp transfert of observation data between the common platform and the modelling team. In situ and 
satellite retrievals will be made available in a private area of the common platform to be available for 
the involved modelling teams. 

Verification and quality control 

Daily evaluation of the performances of both the “individual” models and the ensemble results against 
available observations. Cross validation procedure or comparison against meaurements that are not 
used for the analysis are used.  

Hardware 

Specific to each model team : 

CHIMERE : PC cluster system implemented at INERIS 

SILAM : FMI central cluster system 

EURAD: PC cluster system implemented at RIU 

MOCAGE : Parallel supercomputer 

LOTOS-EUROS : Linux PC system 

ENSEMBLE : SUN FIRE system at DLR 

Software 

SILAM is an open-code system written in Fortran 90 with elements of C. 

CHIMERE is an open-code system written in Fortran 77 and 90 
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EURAD is an open-code system written in fortran 77 and 90. 

LOTOS-EUROS: non open code system written in Fortran 77 and 90 

MOCAGE.is a non open code system written in Fortran 77 and 90 

Ensemble modelling procedure as well as the ensemble post-processing will be written in Fortran 90. 

4.2.1.1 Process 1 : Input data processing 

Each model involved in the ensemble gets its own set-up, especially regarding the meteorological 
data. The first step of the air quality analyses process is to gather the necessary meteorological 
information from meteorological weather services and to if necessary to run meteological models to 
improve the resolution. 

The same holds for chemical boundary conditions that will be used to feed the regional air quality 
models.  

Finally near real time observation data (at least in situ and earth-observations if available) are gathered 
on the common platform thanks to operational protocoles which allows getting them automatically. 
They will be input of the assimilation process to generate analyses and a part of these that should be 
used for the evaluation process. 

4.2.1.2 Process 2 : Individual chemistry transport model runs 

Each model team is supposed to run the CTMs contributing to Ensemble with its own ressources. The 
results are sent to the common platform following a time line that is ageed between the providers to 
deal with the IAQ platform operational objectives.  

4.2.1.3 Process 3 : Interpolation 

Because each model gets its own horizontal and vertical resolutions, it is necesary to post-process the 
results they provide to comparable them and to generate and Ensemble result. Interpolation of the 
numerical gridded results is the main point at this step. It will be performed on the common platform. 

4.2.1.4 Process 4 : Ensemble 

The “ensemble” is a process, which allows computing a unique analyzed output based on the results of 
several models corrected by the observation data. It is supposed to take advantage of the best 
performance of each model considering the geographical area or the time period. In a first stage the 
median of the individual model runs will be used to built the ensemble. 
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