
 

GMES ATMOSPHERE 
MONITORING SERVICE 
AS DEVELOPED BY 
MACC 

PRODUCT / SERVICE PORTFOLIO 

NOVEMBER 2010 

 
 
 
 
 
 
 

 

 

 

Preamble 

The GMES Services being developed by the five projects (geoland2, 

MyOcean, MACC, SAFER, G-MOSAIC) 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 value-

adding services providers who 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 only be considered to be of an indicative nature. 
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1 Contribution to GMES Services 

MACC is the EU FP7 Research Project responsible for the development 

and pre-operational validation 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. 
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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. 

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 GLOBAL 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. 
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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 is available since 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 in Table 1 on the next page. 

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 in Table 2 on the next page. 
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Date Products 
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 

• 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 

Table 1: Time Scale for Derived Global and Regional Products 

 

Date Products 
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 

Table 2: Time Scale for Derived Observational and Emission Products 
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Annex 1 Summary Overview of the MACC Product/Service Portfolio 

 

Service Species Scale/Area Levels Time scale Comments 

      
European Air Quality 
Air Quality Analysis Ozone / Nitrogen Dioxide / Sulfur Dioxide / 

Carbon Monoxide / Aerosols (PM10 & PM2.5) 
Europe Surface Daily with 1-Hour Step  

Air Quality Forecast Ozone / Nitrogen Dioxide / Sulfur Dioxide / 
Carbon Monoxide / Aerosols (PM10 & PM2.5) 

Europe Surface / 500m / 1000m / 
3000m 

Daily 3-Day forecasts with 
1-Hour Step 

 

Ensemble air quality forecasts Ozone / Nitrogen Dioxide / Sulfur Dioxide / 
Carbon Monoxide / Aerosols (PM10 & PM2.5) 

Europe - Daily 3-Day forecasts  

Near Real Time Observations Ozone / Nitrogen Dioxide / Sulfur Dioxide / 
Carbon Monoxide / Aerosols (PM10 & PM2.5) 

Europe - Daily with 1-Hour Step  

Verification Ozone / Nitrogen Dioxide / Sulfur Dioxide / 
Carbon Monoxide / Aerosols (PM10 & PM2.5) 

Europe - Daily / Week before / 3 
Months before depending 
on the type of verification.

Different types: 
"model vs. 
observation", 
"mean scores"…) 

Re-analyses Ozone / Nitrogen Dioxide / Sulfur Dioxide / 
Carbon Monoxide / Aerosols (PM10 & PM2.5) 

Europe  Past years from 2007 Available soon. 

      
Global Atmospheric Composition 
Near Real Time analysis and 
forecast of reactive gases 

Carbon Monoxide / Ozone Global Surface / 850hPa / 500hPa 
/ 300hPa / 50hPa / Total 
Column 

Daily 4-Day forecasts with 
6-Hour Step 

 

Forecast of Aerosol Optical 
Depth 
 

Aerosols (Total / natural / anthropogenic) Global - Daily 4-Day forecasts with 
3-Hour Step 

 

Re-analyses Carbon Dioxide / Carbon Monoxide / Ozone / 
Formaldehyde / Methane / Nitrogen Oxides / 
Sulfur Dioxide / Aerosol Optical Depth 
 
 

Global Surface / 850hPa / 500hPa 
/ 300hPa / 50hPa / Total 
Columns 

Monthly (Jan03 – Dec05)  
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Service Species Scale/Area Levels Time scale Comments 

Support for scientific 
observational campaigns 
(Pressure-level plots forecasts 
& North-South Vertical Cross-
Sections forecast) 

O3 / CO / CH2O / PAN / C2H6 / NOX / NOY / 
CO tracers 

Global Surface / 925hPa / 700hPa 
/ 500hPa / 300hPa / 
250hPa (for Pressure-level 
plots) 
Longitude -150 / -120 / -
60 / -50 / 0 / 20 / 180 (for 
North-South Vertical 
Cross-Sections) 

Daily 3-Day forecasts with 
6-Hour Step 

 

Monitoring of greenhouse 
gases (delayed-mode monthly 
mean) 

Carbon Dioxide / Methane Global Surface / 850hPa / 500hPa 
/ 300hPa / 50hPa / Total 
Columns 

Monthly (Jun09 – Apr10)  

Monitoring of methane flux 
inversions 

Methane Global - Monthly (Jun09 – Apr10)  

Fire Radiative Power - Global - Daily  
Observed Aerosol Optical 
Depth and Aerosol Speciation 
Record 

Aerosol Europe - Daily  

Total Ozone Re-analyses Ozone Global - Daily (1978 – 2008)  
Total Ozone Near Real Time Ozone Global - Daily  
Total Ozone Forecast Ozone Global - 1- Day / 9-Day 

(Sciamachy) 
 

Ozone Hole  Ozone Arctic / 
Antarctic 

- Daily  

NRT Tropospheric NO2 Nitrogen Dioxide Europe - Daily  
      
Climate Forcing 
Monitoring of Greenhouse 
Gases and of Methane flux 
inversions 
 

    See "Global 
Atmospheric 
Composition" 

Re-analyses of Greenhouse 
Gases and Fluxes 
 

Carbon Dioxide / Methane   Period 2003 - 2010 In Progress 
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Service Species Scale/Area Levels Time scale Comments 

Monitoring of Global Aerosols 
/ Observed Aerosol Optical 
Depth and Aerosol Speciation 
Record 

    See "Global 
Atmospheric 
Composition" 

Re-analyses     See "Global 
Atmospheric 
Composition" 

      
UV Radiation 
Monitoring and Forecasting of 
Ultraviolet Radiation 

UV Radiation (Total sky / Clear Sky) Global / 
Europe 

- 4-Day with 3-Hour step  

Monitoring and Forecasting of 
Total ozone 

    See "Global 
Atmospheric 
Composition" 

Total Ozone Re-analyses     See "Global 
Atmospheric 
Composition" 

Total Ozone Near Real Time     See "Global 
Atmospheric 
Composition" 

Total Ozone Forecast     See "Global 
Atmospheric 
Composition" 
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Annex 2 Detailed MACC Product Portfolio 
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1. Introduction 
The atmospheric components of the GMES initiative in the period 2004-2009 comprised two large projects 
and a number of smaller support actions. The two large projects were the GEMS project (Global and regional 
Earth-system Monitoring using Satellite and in-situ data; http://gems.ecmwf.int ) supported by the European 
Commission through FP6, and the PROMOTE project (PROtocol MOniToring for the GMES Service 
Element: Atmosphere; http://www.gse-promote.org/ ), supported by the European Space Agency through the 
GMES Service Element. The products offered by MACC’s pilot core GMES Atmospheric Service in the 
period 2009-2011 have evolved from those developed in GEMS and from those provided by core PROMOTE 
service lines. 

The functional architecture and data flow of MACC and a general summary of its products are presented in 
Figure 1. The shaded central panels indicate the main areas of activity of the project. The main data and 
information flows internal to the project are illustrated by the black arrows while the grey arrows indicate the 
flow of data into the project and the flow of products out to downstream-service providers and end users. 

 

 
Figure 1  The architecture, data flow and products of MACC 

 

The global and regional processing elements 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. MACC does not provide a comprehensive general user service 
for the observational data it acquires, but does document the source of each dataset that it uses. 
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2. Product dissemination  
All MACC products related to atmospheric composition are made publicly available in accord with GMES 
data policy. Retrospective meteorological products from MACC’s reanalysis activities are also made publicly 
available. 

The products comprise reports, graphical displays and datasets. Reports are viewable and downloadable 
from the public pages of the central MACC website (http://www.gmes-atmosphere.eu ). Graphical products 
are publicly viewable either directly on the central MACC website or on partners’ websites to which users are 
directed from the central site. The extent of the graphical displays is limited by the capabilities and capacities 
of the technical infrastructure to which MACC has access, but adjustments to the graphical products may be 
made within these constraints in response to user feedback. 

As many dataset products as possible are made available for direct downloading from the web. Other data 
dissemination mechanisms established for routine supply of often time-critical meteorological data may be 
employed as required, and may be more suitable for downstream-service providers who need to acquire 
data on a regular basis, especially for automatic processing. In addition to the comprehensive sets of MACC 
data supplied following GMES data policy, additional supporting meteorological data may be supplied to 
intermediate users so as to enable them best to serve their end-user communities. This supply is subject to 
assessment of requirements and the development of data policy.  

 

3. Product streams 
This section describes the product streams and provides links to detailed specifications where available. 
Products are tabulated in Section 4. Appendix 2 presents the pre-existing specifications of those services 
that will continue from PROMOTE. 

3.1 Primary global products 
Most global products are provided by MACC’s core global data assimilation and forecasting system. The 
technical specification of products from this system is discussed in sub-section 3.1.1. These primary global 
products are issued from three separate production streams, discussed in sub-sections 3.1.2, 3.1.3 and 
3.1.4. Additional ozone data products are provided by services continuing from PROMOTE, as discussed in 
3.1.5. 

3.1.1 Specification of core global products, and supporting software 
MACC’s core global data assimilation and forecasting capabilities are being developed from those built by 
GEMS and incorporated within ECMWF’s Integrated Forecasting System (IFS) software. The full scientific 
technical documentation of this software is available online at 
http://www.ecmwf.int/research/ifsdocs/ 
This documentation is updated at approximately two-year intervals, and the next update will include 
documentation of the components added or modified by GEMS. Intermediate changes are documented at 
http://www.ecmwf.int/products/data/technical/model_id 
Some further background to the development of the ECMWF forecasting system can be found at 
http://www.ecmwf.int/products/data/operational_system 
The web gateway to the technical specification of IFS products, including the global greenhouse-gas, 
reactive-gas and aerosol products from MACC, is: 
http://www.ecmwf.int/products/data/technical/ 
Among the information available from the links provided on this web page are specifications of the vertical 
resolutions of the available three-dimensional field products. The vertical representation of most of the initial 
MACC products is the 60-level resolution adopted for operations at ECMWF from October 1999 to January 
2006, and used also for ECMWF’s ERA-40 and ERA-Interim reanalyses, and for most GEMS products. This 
and other possible vertical resolutions are specified at: 
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http://www.ecmwf.int/products/data/technical/model_levels 

The core MACC near-real-time IFS products come from a T159 resolution spectral model employing a 
~125km (N80) “reduced points” Gaussian grid as used for the ERA-40 reanalysis and specified at: 
http://www.ecmwf.int/products/data/technical/gaussian 
The resolution of the model is expected to increase during MACC to T255 with ~80km (N128) “reduced 
points” Gaussian grid as used for the ERA-Interim reanalysis and specified at the same address. This is 
resolution is also used for the MACC reanalysis. The delayed-mode products are provided at T511 with a 
~40km “reduced points” Gaussian grid. Also specified at this address is the N48 regular grid employed by 
the T63 MOZART CTM to which the IFS is coupled for the global reactive-gas component of the system. 
Chemical species from the coupled CTM are products supplementary to those species products available 
from the IFS and can be provided as an interim measure. During MACC a set of chemistry modules will be 
incorporated directly into the IFS. Although products from this fully integrated system will not be available 
during the lifetime of MACC, they are expected to be provided early in the life of the post-MACC phase. 

IFS products are coded using the WMO FM-92 GRIB edition 1 or edition 2 standards. Software for GRIB 
decoding, field interpolation and plotting can be obtained from: 
http://www.ecmwf.int/products/data/software 
Much of this software is open source and downloadable free of charge. 

The local tables used in the GRIB code, which include variable names and specifications of units, are listed 
at: 
http://www.ecmwf.int/services/archive/d/table/grib_table_2_versions/ 
In particular, the table describing the additional IFS variables for which MACC has currently made provision 
is table number 210: 
http://www.ecmwf.int/services/archive/d/parameters/order=grib_parameter/table=210/ 
It should be noted that this table includes some variables (such as nitrous oxide and sodium hexafluoride) 
that are not provided, initially at least, by the standard MACC production systems. The set of variables 
describing the distribution of aerosols is dependent on the aerosol model adopted by MACC. The aerosol 
model is expected to change during MACC from that incorporated in GEMS to a new (UKCA-mode) model. 
Other new output fields (such as the maximum or minimum values of model variables occurring between 
model output times) may be added from time to time. User requests for specific additional model outputs will 
be considered, and met to the extent permitted by scientific, personnel-resource and computing constraints. 
By way of illustration, the fields available from the GEMS reanalysis for 2003-2007, which was continued 
through April 2009 in MACC, are listed in Appendix 1.  

The standard meteorological IFS variables are described in table number 128: 
http://www.ecmwf.int/services/archive/d/parameters/order=grib_parameter/table=128/ 
The “Ozone” and “Total column ozone” variables defined in this table are the products of the highly 
parametrized ozone scheme incorporated in ECMWF’s standard operational meteorological production, and 
must not be confused with the ozone variables produced by the interactive MACC reactive-gas component, 
which are defined in table number 210 where they are referred to as “GMES ozone” and “GMES Total 
column ozone”. Both types of ozone variable may be produced by a single run of the IFS. 
In addition to the chemical species available from the IFS, a much richer range of species is provided by the 
coupled CTM model MOZART used for the main production. Species include Montreal protocol variables and 
ozone depleting substances such as O3, N2O, CH4, H2O, selected halocarbons, PSC cover, NOy, BrOx and 
ClOx and selected key tropospheric trace gases (O3, NOx, CO, selected NMVOC and OH). The species 
provided may be adjusted in response to user requirements. 
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3.1.2 Near-real-time production 
The prototype once-daily system run in the preparatory GEMS project has been evolved in MACC so it 
produces global analyses and forecasts within a few hours of observation time, in due course twice-daily. 
The cut-off times for observational data receipt and the production schedule in general will be chosen to 
optimise real-time product quality for users, taking into account the reliability with which schedules can be 
maintained. A conservative schedule will be adopted initially, and the schedule will be refined in the light of 
user requirements, the demands for timely boundary conditions for MACC’s regional forecast production and 
the practical constraints of the latency in observational data receipt and of available computing capacity. 

The system will be updated periodically. Updates will be tied as far as practically possible to updates of 
ECMWF’s operational weather forecasting system, to ensure that both meteorological and technical 
components of the MACC production system remain up-to-date. The changes introduced with each new 
version of the ECMWF system are summarised at 

http://www.ecmwf.int/products/data/technical/model_id 

This will in future include the changes originating from MACC as well as from ECMWF’s core weather 
forecasting developments. Any additional changes that are not associated with a formal change in version of 
the forecasting system, such as initiation or cessation of use of a particular stream of observational data, or 
bug-fixes affecting product quality, are logged on http://www.gmes-
atmosphere.eu/about/project_structure/global/g_idas/g_idas_2/ at the MACC web site. 

Trial product datasets from any parallel runs carried out in preparation for an upgrade of the production 
system will be made available to the extent that is practical and appropriate, following the practice adopted 
for ECMWF’s operational weather-forecasting production streams. 

3.1.3 Delayed-mode production 
A set of improved “delayed mode” global analyses are produced about five to six months behind real time. 
The delayed mode production system uses data that are unavailable in near-real-time, such as SCIAMACHY 
and GOSAT greenhouse-gas retrievals and possibly tower and other regularly reported in-situ greenhouse-
gas data. Additional reactive-gas and aerosol data that are unavailable in near-real-time will also be used, 
both to improve on the near-real-time products for reactive gases and aerosols and to provide the reactive-
gas information needed for evaluation of atmospheric sources and sinks of the greenhouse gases. 

The system will be updated periodically, following the procedure for near-real-time production. 

3.1.4 Reanalysis production  
MACC also provides retrospective analysis (reanalysis) products for global greenhouse gases, reactive 
gases and aerosols for the period from 2003 onwards.  

In the first year of MACC, the latest reanalysis undertaken in the GEMS project has been continued so that it 
spans the period 2003-2009. A new configuration of the analysis system, building on developments in the 
latter part of GEMS and early part of MACC, has been chosen and is being used to produce a new MACC 
reanalysis for the period 2003-2010. 

3.1.5 Ozone record services continuing from PROMOTE 
In addition to the supply of products from its core comprehensive global data assimilation and forecasting 
system, MACC also supplies a set of products that provide continuity of the ozone service provided 
previously by PROMOTE. These comprise the stratospheric ozone record and near-real-time service using 
the SACADA 4D-Var system of DLR and FRIUUK, the stratospheric ozone record and near-real-time service 
using the BASCOE 4D-Var system of BIRA/IASB, and the total ozone record, monitoring and forecasting 
service by the TM3DAM Kalman-filter approach of KNMI. The PROMOTE specification for these services is 
reproduced in Appendix 2.  
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3.2 Primary regional products 
Six regional air-quality analysis and forecasting systems are operated routinely for MACC (CHIMERE, 
EMEP, EURAD, LOTOS-EUROS, MATCH and MOCAGE).. The regional service draws not only on what has 
been developed in GEMS but also on the Integrated Air Quality assessment and forecasting service 
operated by PROMOTE. 

Development of the detailed technical specification of the products and dissemination has begun. QC/QA 
dossiers for each of the six models have been compiled. Each dossier will be updated every six months, and 
comprises: 

• the detailed description of the model version and assimilation system used, including a history of the 
changes during MACC; 

• a model development plan indicating the current upgrade and recovery actions decided, and their 
schedule in time; 

• a log and corresponding statistics of the daily delivery of products (time, completeness, ...); 
• a history of model skill scores over Europe, taken from the quarterly reports on model evaluation 

statistics (see section 4.1.2).  
This dossier will be available from the MACC web site, providing an up-to-date reference for the production 
systems. 

The products are: 
• Daily air-quality analyses (hourly) for the day before from each model 
• Daily air-quality forecasts up to 72h (hourly) from each model 
• Daily ensemble air-quality analyses (hourly) for the day before  
• Daily ensemble air-quality forecasts up to 72h (hourly) 
• Ensemble air quality reanalyses for the years 2007, 2008 and 2009 

Some of the support software available from the ECMWF website (see 3.1.1) is applicable to the regional 
data products, for which data products will be provided in version 2 of the GRIB code. 

3.3 Derived global and regional products 
These comprise: 

• gridded fluxes of CO2 and CH4, at weekly resolution for CO2 and monthly resolution for CH4, at a 
horizontal resolution of at least 4 degrees longitude by 3 degrees latitude for CO2, and 6 degrees 
longitude by 4 degrees latitude for CH4, to be 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. 

MACC also works on the application of primary data products to improve the databases underlying the pre-
existing SOLEMI and SoDa solar-energy services, and deliver validation reports and user guides about the 
products of these services. The SOLEMI service (http://www.solemi.de/, operated by MACC partner DLR) 
and the HelioClim database accessible via the SoDa data portal service (http://www.soda-is.com, operated 
by MACC partner ARMINES) are envisaged to become elements of the post-MACC operational core GMES 
Atmospheric Service. 

Products are listed in 4.1.3 below. Specifications are under development. 
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3.4 Derived observational and emission products 
These comprise: 

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

• carbon-dioxide and methane retrievals from the SCIAMACHY, 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. 

Products are listed in 4.1.4 below. 

Data formats for the fire-emission data are as discussed in 3.1.1 above. Specification of the SYNAER 
aerosol products that will be produced in continuation of a PROMOTE service is given in Appendix 3. 
Specifications for other products will be published in due course. 

 
4. Product listings 
This section presents tables categorising and listing the data products and supporting documentation and 
workshops that are identified as deliverables of the MACC project in its Description of Work. The lead 
institution responsible for each project is identified (with full titles provided in Appendix 2), as are delivery 
dates. The latter are based on the start date for MACC of 1 June 2009 and the proposed 29-month project 
duration. The deliverable identifier from the Description of Work is also shown, to enable cross-referencing. 

4.1 Data products 

4.1.1 Primary global products 

Product 
Lead 

producing 
institution 

Delivery date 

Near-real-time global analyses and forecasts of reactive gases and 
aerosols 

ECMWF From June 2009 

Delayed-mode global analyses of greenhouse gases and aerosols ECMWF From December 2009 

Extension of GEMS reanalysis of greenhouse gases, reactive gases 
and aerosols to 2008 

ECMWF October 2009 

New MACC reanalysis for 2003-2010 ECMWF October 2011 

Web-based graphical displays and supply of data products from 
global MACC production, monitoring and validation 

ECMWF From September 2009 

Stratospheric ozone record and near-real-time service using 
SACADA 4D-Var 

DLR From September 2009 

Stratospheric ozone record and near-real-time service using 
BASCOE 4D-Var 

BIRA-IASB From September 2009 

Total ozone record, monitoring and forecasting service using 
TM3DAM Kalman-filter approach 

KNMI From September 2009 

 



Monitoring Atmospheric Composition and Climate (MACC) 15 November 2010 
The pilot core GMES Atmospheric Service  Product Portfolio - Version 3

 

Page 9 

 

4.1.2 Primary regional products 

Product Lead producing 
institution Delivery date 

Daily European-scale air-quality forecasts up to 72h (hourly) 

1: CHIMERE; 2: EMEP; 3: EURAD; 4: LOTOS-EUROS; 5: 
MATCH; 6: MOCAGE 

MF-CNRM From September 2009 

Daily European-scale air-quality analyses (hourly) for the day 
before 

1: CHIMERE; 2: EMEP; 3: EURAD; 4: LOTOS-EUROS; 5: 
MATCH; 6: MOCAGE 

MF-CNRM From September 2009 

Daily European-scale ensemble air-quality forecast up to 72h 
(hourly) 

MF-CNRM From September 2009 

Daily European-scale ensemble air-quality analyses (hourly) for 
the day before 

MF-CNRM From September 2009 

Web-based graphical display of results and supply of data 
products from ensemble regional air quality re-analysis production 
for the years 2007, 2008, 2009  

INERIS From February 2010 

 

4.1.3 Derived global and regional products 

Product Lead producing 
institution Delivery date 

CO2 source and sink inversions CEA 

Quarterly from May 2010 Monthly 
from May 2011 

From 2003-2010 reanalysis by 
November 2011 

CH4 source and sink inversions EC-DG JRC 
Half-yearly from May 2010 

From 2003-2010 reanalysis by 
November 2011 

Aerosol source and sink inversions CEA October 2011 

Aerosol climate forcing UKMET October 2011  

AEROCOM service using aerosol analysis and forecasts from the 
global aerosol production 

CEA Monthly from May 2011 

Service for dust forecasting and near real time monitoring using 
satellites and the Aeronet network  

AEMet From May 2010 

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

AEMet January 2011 

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

CHMI October 2011 

Graphical presentation of the origin of  forecasted pollution 
episodes  

MET.NO November 2010 

Regional air quality forecasts with source-allocation capabilities in 
Internet 

MET.NO October 2011 

Toolbox for air quality emergency scenarios available through 
Internet 

INERIS May 2011 

Library of test cases for air quality emergency scenarios INERIS October 2011 
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4.1.4 Derived observational and emission products 

Product Lead producing 
institution Delivery date 

SYNAER near-real-time data DLR From June 2009 

SYNAER data record DLR October 2011 

ATSR-DV near-real-time regional aerosol products over Europe FMI From June 2009 

ATSR-DV global aerosol products FMI From November 2009 

SEVIRI aerosol products CNRS-ICARE From November 2009 

Aerosol optical depths and altitude from IASI CNRS-LMD From August 2010 

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

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

CNRS-LMD September 2011 

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

DLR From September 2009 

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

CEA May 2011 

Near-real-time fire emission estimates of carbon and other species 
based on the GEMS system 

ECMWF From June 2009 

Near-real-time global fire emissions of carbon and other species 
based on the GFEDv2 fire emission monitoring system (based on 
MODIS active fire product) 

ECMWF From December 2009 

Reprocessed data set of global fire emissions for G-IDAS 
reanalyses 

VUA May 2010 

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 

ECMWF From June 2011 

 

5. Meteorological products 
In addition to supply of MACC products, related meteorological data may be supplied to intermediate users 
so as to enable them best to serve their end-user communities, as discussed in Section 2. The catalogue of 
ECMWF real-time products can be found at: 

http://www.ecmwf.int/products/catalogue/ 

Services for archived ECMWF products can be accessed from: 

http://www.ecmwf.int/products/data/archive/ 



Monitoring Atmospheric Composition and Climate (MACC) 15 November 2010 
The pilot core GMES Atmospheric Service  Product Portfolio - Version 3

 

Page 11 

 

Appendix 1: Fields available from GEMS reanalysis for 2003-2007 
The fields as listed in A1.1 to A1.5 below are available for analyses at 00UTC, 06UTC, 12UTC and 18UTC 
each day. Forecast fields are available for 3, 6, 9 and 12h ahead from 00UTC and 12UTC start times for 
model levels, pressure levels and the surface fields, as listed in A1.1, A1.2 and A1.6. A1.6 contains fields 
additional to those listed in A1.5 as some information is available only for the forecasts. Some forecast fields 
are also available from 06UTC and 18UTC, but are not specified here. 

A1.1 Fields available for model levels 
The following variables are available on each of the model’s 60 levels: 

Aerosol large mode mixing ratio, Aerosol type 1 mixing ratio, Aerosol type 2 mixing ratio, Aerosol type 3 
mixing ratio, Aerosol type 4 mixing ratio, Aerosol type 5 mixing ratio, Aerosol type 6 mixing ratio, 
Aerosol type 7 mixing ratio, Aerosol type 8 mixing ratio, Aerosol type 9 mixing ratio, Aerosol type 10 
mixing ratio, Aerosol type 11 mixing ratio, Carbon Dioxide, Carbon monoxide, Cloud cover, Cloud ice 
water content, Cloud liquid water content, Divergence, Formaldehyde, GMES Ozone, Geopotential, 
Methane, Methane loss rate due to radical hydroxyl (OH), Nitrogen Oxides, Ozone, Specific humidity, 
Sulphur dioxide, Temperature, Vertical velocity and Vorticity (relative). 

The logarithm of surface pressure, a primary model variable needed to calculate the pressure of a model 
level, is also archived. 

A1.2 Fields available for levels of constant pressure 
The following variables are available on levels of constant pressure: 

Divergence, Geopotential, Potential vorticity, Relative humidity, Specific humidity, Temperature, Vertical 
velocity and Vorticity (relative). 

The pressure levels (in hPa) are 1, 2, 3, 5, 7, 10, 20, 30, 50, 70, 100 to 300 by 50, 400 to 800 by 100, 850, 
900, 925, 950 and 1000. 

A1.3 Fields available for levels of constant potential temperature 
The following analysis variables are available on levels of constant potential temperature: 

Carbon Dioxide, Carbon monoxide, Divergence, Formaldehyde, GMES Ozone, Methane, Montgomery 
potential, Nitrogen Oxides, Ozone, Potential vorticity, Pressure, Specific humidity, Sulphur dioxide and 
Vorticity (relative). 

The potential temperature levels (in K) are 265, 275, 285, 300, 315, 330, 350, 370, 395, 430, 475, 530, 600, 
700 and 850. 

A1.4 Fields available for a level of constant potential vorticity 
The following analysis variables are available at the level where the modulus of the potential vorticity has the 
value 2x10-6 m2Ks-1kg-1: 

Carbon Dioxide, Carbon monoxide, Formaldehyde, GMES Ozone, Geopotential, Methane, Nitrogen 
Oxides, Ozone, Potential temperature, Pressure, Specific humidity, Sulphur dioxide, U velocity and V 
velocity. 

A1.5 Surface fields available from analyses 
The following surface, near-surface and other single-level fields are available for the analyses: 

10 metre U wind component, 10 metre V wind component, 2 metre dewpoint temperature, 2 metre 
temperature, Aerosol type 1 sink/loss accumulated, Aerosol type 2 sink/loss accumulated, Aerosol type 
3 sink/loss accumulated, Aerosol type 4 sink/loss accumulated, Aerosol type 5 sink/loss accumulated, 
Aerosol type 6 sink/loss accumulated, Aerosol type 7 sink/loss accumulated, Aerosol type 8 sink/loss 
accumulated, Aerosol type 9 sink/loss accumulated, Aerosol type 10 sink/loss accumulated, Aerosol 
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type 11 sink/loss accumulated, Aerosol type 12 sink/loss accumulated, Albedo, Angle of sub-gridscale 
orography, Anisotropy of sub-gridscale orography, Anthropogenic emissions of Carbon Dioxide, Budget 
values, Dust emission potential, GMES Total column ozone, Geopotential, High cloud cover, High 
vegetation cover, Ice surface temperature layer 1, Ice surface temperature layer 2, Ice surface 
temperature layer 3, Ice surface temperature layer 4, Land-sea mask, Lifting threshold speed, 
Logarithm of surface roughness length for heat, Low cloud cover, Low vegetation cover, Mean sea level 
pressure, Medium cloud cover, Methane Surface Fluxes, Natural biosphere flux of Carbon Dioxide, 
Near IR albedo for diffuse radiation, Near IR albedo for direct radiation, Ocean flux of Carbon Dioxide, 
Sea surface temperature, Sea-ice cover, Skin reservoir content, Skin temperature, Slope of sub-
gridscale orography, Snow albedo, Snow density, Snow depth, Soil clay content, Soil temperature level 
1, Soil temperature level 2, Soil temperature level 3, Soil temperature level 4, Soil type, Standard 
deviation of filtered subgrid orography, Standard deviation of orography, Surface roughness, 
Temperature of snow layer, Total Column Nitrogen Oxides, Total cloud cover, Total column Carbon 
Dioxide, Total column Carbon monoxide, Total column Formaldehyde, Total column Methane, Total 
column Sulphur dioxide, Total column ozone, Total column water, Total column water vapour, Type of 
high vegetation, Type of low vegetation, UV visible albedo for diffuse radiation, UV visible albedo for 
direct radiation, Volumetric soil water layer 1, Volumetric soil water layer 2, Volumetric soil water layer 3, 
Volumetric soil water layer 4, Wildfire flux of Carbon Dioxide and Wildfire flux of Methane. 

A1.6 Surface fields available from forecasts 
The following surface, near-surface and other single-level fields are available from the 00UTC and 12UTC 
forecasts: 

10 metre U wind component, 10 metre V wind component, 10 metre wind gust, 2 metre dewpoint 
temperature, 2 metre temperature, Aerosol type 1 sink/loss accumulated, Aerosol type 2 sink/loss 
accumulated, Aerosol type 3 sink/loss accumulated, Aerosol type 4 sink/loss accumulated, Aerosol type 
5 sink/loss accumulated, Aerosol type 6 sink/loss accumulated, Aerosol type 7 sink/loss accumulated, 
Aerosol type 8 sink/loss accumulated, Aerosol type 9 sink/loss accumulated, Aerosol type 10 sink/loss 
accumulated, Aerosol type 11 sink/loss accumulated, Aerosol type 12 sink/loss accumulated, 
Anthropogenic emissions of Carbon Dioxide, Boundary layer dissipation, Boundary layer height, 
Convective available potential energy, Convective precipitation, Downward UV radiation at the surface, 
Dust emission potential, East-West surface stress, Evaporation, Forecast albedo, Forecast logarithm of 
surface roughness for heat, Forecast surface roughness, GMES Total column ozone, Geopotential, 
Gravity wave dissipation, High cloud cover, Ice surface temperature layer 1, Ice surface temperature 
layer 2, Ice surface temperature layer 3, Ice surface temperature layer 4, Land-sea mask, Large-scale 
precipitation fraction, Latitudinal component of gravity wave stress, Lifting threshold speed, Low cloud 
cover, Maximum temperature at 2 metres since previous post-processing, Mean sea level pressure, 
Medium cloud cover, Meridional component of gravity wave stress, Methane Surface Fluxes, Minimum 
temperature at 2 metres since previous post-processing, Natural biosphere flux of Carbon Dioxide, 
North-South surface stress, Ocean flux of Carbon Dioxide, Photosynthetically active radiation at the 
surface, Runoff, Sea surface temperature, Sea-ice cover, Skin reservoir content, Skin temperature, 
Snow albedo, Snow density, Snow depth, Snow evaporation, Snowfall, Snowmelt, Soil clay content, Soil 
temperature level 1, Soil temperature level 2, Soil temperature level 3, Soil temperature level 4, 
Stratiform precipitation (Large-scale precipitation), Sunshine duration, Surface latent heat flux, Surface 
net solar radiation, clear sky, Surface net thermal radiation, clear sky, Surface sensible heat flux, 
Surface solar radiation, Surface solar radiation downwards, Surface thermal radiation, Surface thermal 
radiation downwards, Temperature of snow layer, Top net solar radiation, clear sky, Top net thermal 
radiation, clear sky, Top solar radiation, Top thermal radiation, Total Column Nitrogen Oxides, Total 
cloud cover, Total column Carbon Dioxide, Total column Carbon monoxide, Total column 
Formaldehyde, Total column Methane, Total column Sulphur dioxide, Total column ice water, Total 
column liquid water, Total column ozone, Total column water, Total column water vapour, Volumetric 
soil water layer 1, Volumetric soil water layer 2, Volumetric soil water layer 3, Volumetric soil water layer 
4, Wildfire flux of Carbon Dioxide, Wildfire flux of Methane 
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Appendix 2: PROMOTE Service Portfolio Specifications 
 

The following pages are an amalgamation of the Service Portfolio Specifications for the following PROMOTE 
services: 

(i) Ozone Profile; 
(ii) Total Ozone; 
(iii) Satellite-based PM; 
(iv) Integrated Air Quality assessment and forecasting. 

It should be noted that not all of what is described in these specifications will carry over into MACC. MACC 
includes: 

(i) the BASCOE and SACADA ozone profile services provided respectively by BIRA-IASB and 
DLR/FRIUUK; 

(ii)  the total ozone record, monitoring and forecasting services provided by KNMI; 
(iii)   the SYNAER aerosol service provided by DLR. 

In addition, MACC will provide regional air-quality services derived from those of GEMS and PROMOTE, 
thus drawing on elements of the PROMOTE Integrated Air Quality assessment and forecasting service. 

 

A2.1 3D Ozone Record Service 

The service will make use of three different data assimilation tools. 

• ROSE/OI: optimal interpolation based sequential assimilation providing analyses and error estimates 
(to improve 4DVAR) 

• SACADA/4DVAR: four-dimensional variational assimilation using error estimates from ROSE/OI  
• BASCOE/4DVAR: four-dimensional variational assimilation 

The following base parameters will be delivered as global synoptic analyses with 24h and 6h temporal 
resolution: 

• Reactive ozone chemistry: O3, O3-depletion rates, ClOx, NOx and PSCs 
• Inorganic reservoir species: Cly 

The ozone profile record service will use data of the following European and American instruments: 
• ERS2-GOME, ENVISAT-MIPAS, SCIAMACHY and GOMOS, and METOP-IASI and GOME-2 
• UARS-MLS, EOS-AURA-MLS, SCISAT1-ACE/FTS 

Other observational data, e.g., from TOMS and HALOE, will be applied for accompanying validation 
purposes. Application of GOME-2 and IASI instruments is envisaged but depends on data quality and 
availability. 

The data record will cover the time periods 1992 until 1999 (BASCOE/MLS), 2002 until 2004 
(BASCOE/MIPAS) and 1995 (DLR) until now depending on above listed observations. The service will be 
extended and maintained for the foreseeable ENVISAT instrument live times. 

ROSE Ozone Products 

Via sequential assimilation of ERS-2 GOME and ENVISAT MIPAS trace gas observations into the chemistry-
transport model ROSE/DLR a continuous global vertical resolved ozone record is generated covering the 
years 1995 until 2005. The data assimilation scheme is optimum interpolation (OI) based with KF-like 
covariance diagnostics. The method is fast, allowing the derivation of background covariances by repeated 
analysis cycles. Optimized assimilation parameters are derived using χ² diagnostics. Derived products 
consist also of observation minus first-guess error (OMF) statistics. Results will serve as a first quality check 
for observations and model calculations. Error estimates will be applied to improve the covariance 
parameterization in 4DVAR SACADA. 
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Released products will consist of synoptic ozone maps (with ozone analysis errors), chemical ozone loss 
rates and area densities of NAT – ICE PSCs, available online directly after processing. Results will be 
distributed as quick-looks, HDF4 and NetCDF files via the PROMOTE web service. Additional parameters, 
e.g. first-guess errors, will be available on demand. 

The ROSE Ozone Products service will be based on the following ingredients: 
• ERS-2 GOME/NNORSY and ENVISAT MIPAS ozone profile data.  
• GAW station ozone soundings and UARS/HALOE ozone profile observations. 
• OI based sequential assimilation into ROSE/DLR chemistry-transport model.  

Product description 
Summary  Global vertical resolved ozone record based on sequential assimilation of ERS-2 GOME and 

ENVISAT MIPAS observations into the ROSE/DLR chemistry-transport model 
Product properties 
Parameter(s) 3D-O3R-GSE-PRO2: 3D gridded fields of synoptic ozone mixing ratios

3D-O3LS-GSE-PRO2: 3D gridded fields of daily accumulated chemical ozone loss rates as 
mixing ratios per day 
3D-O3PSC-GSE-PRO2: 3D gridded fields of synoptic PSC area densities 

Accuracy  3D-O3R-GSE-PRO2:      rms < 15%, bias < 0.5% 
3D-O3LS-GSE-PRO2:    n.a.  
3D-O3PSC-GSE-PRO2:  n.a. 

Geometric resolution Horizontal 2.5° x 3.7° lat-lon, vertical 1.3 km  
Grid / projection Latitude-longitude coordinates on fixed pressure levels  
Spatial coverage 3D global (1000 – 0.3 hPa) 
Temporal coverage 1995 – 2005, daily synoptic analysis every 6h 
Data format HDF4, NetCDF 
Availability Operational for ENVISAT observing period 
Production process 
Method/algorithm Sequential  assimilation of level 2 products into chemistry-transport model 
Model / assimilation ROSE/DLR chemistry-transport model / Optimum Interpolation (OI) 
Reference Baier, F; Erbertseder, T; Morgenstern, O; Bittner, M and Brasseur, G: Assimilation of MIPAS 

data into a three-dimensional chemical-transport model. Q. J. R. Met. Soc, 131 (613), p. 3529 
- 3542, DOI: 10.1256/qj.05.92, 2005. 
Bittner, M., F. Baier, 2004: Project INVERT Final Report, AFO2000, BMBF.  
Thomas, W., F. Baier, T. Erbertseder, M. Kästner, 2003: Tellus B, 55, issue 5, 903-1006.   
Riese, M., Tie, X., Brasseur, G., and Offermann, D., 1999: J. Geophys. Res., 104, 16419-
16435. 
Rose, K. and Brasseur, G., 1989: J. Geophys. Res., 94, 16387-16403. 

Quality standards 
Production Monitoring of OMF residuals, comparisons to station and occultation data  
Product OMF error statistics for single pressure levels.  

Long-term time series comparisons for single stations. 
Episodical comparisons to available HALOE profile data. 

Validation Comparisons to ozone soundings of the GAW network available via WOUDC 
(http://www.woudc.org). 
Comparisons to UARS/HALOE observations available from NASA’s GES Distributed Active 
Archive Center  
(http://daac.gsfc.nasa.gov/data/datapool/UARS/HALOE/L2) 

Input data 
EO data ENVISAT MIPAS level 2 volume mixing ratios: H2O, O3, HNO3, CH4, N2O, NO2. 

ERS-2 GOME/NNORSY level 2 ozone mixing ratios 
Other data 24h UKMO and 6h ECMWF meteorological analysis (wind and temperature fields, surface 

pressure, etc.) 
Optional or other specific properties (if applicable) 
Historical archive Reanalysis of ERS-2 and ENVISAT data since 1995 
Offline/NRT Actual base products online depending on data availability, record offline 
Visualization standards Quicklooks for single pressure levels (60, 20, 10 hPa) in different projections. HDF4 and 

NetCDF data applicable for standard software (provided by DLR). 
Underlying primary user requirement(s) 
Key requirement Stratospheric ozone chemistry monitoring 
Originator(s) SPARC, WMO 
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SACADA Ozone Products 

4DVAR assimilation of observed atmospheric chemical constituents allows for chemically consistent 
analyses of the current state. The SACADA system was developed from the stratospheric general circulation 
model COMMA and the meteorological forecast model GME. It utilizes a numerically efficient icosahedron 
spherical grid structure. Thus, SACADA code scales well on medium sized PC clusters. At DLR SACADA 
was adapted for continuous long-term applications for synergistic use of data from various atmospheric 
instruments. To improve SACADA covariance parameterization error estimates from the ROSE ozone 
products service will be used to derive variable length scales depending on atmospheric conditions. 

SACADA ozone products will focus on reactive ozone chemistry. Besides providing global ozone mixing 
ratios, analyses of chlorine and nitric oxides will be derived globally for fixed local times. Due to considerable 
computing demand, the service will initially process the more recent 2002 – to date period (better 
instrumental coverage) and then reprocess older dates back to 1995.  

Released products will consist of synoptic ozone maps and asynoptic maps of ClOx and NOx for fixed local 
times, available online directly after processing. Results will be distributed as quick-looks, HDF4 and NetCDF 
files via the PROMOTE web service. Additional parameters and species, e.g. distribution of reservoir 
species, will be available on demand. 

The SACADA Ozone Products service will be based on the following ingredients: 
• ERS-2 GOME/NNORSY, ENVISAT MIPAS, SCIAMACHY, GOMOS and MetOp IASI and GOME-2 

trace gas profile and column data.  
• GAW station ozone soundings and UARS/HALOE ozone profile observations. 
• 4DVAR assimilation of trace gas observations into chemistry-transport model. 

 

Product description 
Summary  Global vertical resolved record of ozone, chlorine and nitric oxide species based on 

assimilation of data from atmospheric ENVISAT instruments using 4DVAR SACADA 
system 

Product properties 
Parameter(s) 3D-O3S-GSE-PRO2: 3D gridded fields of ozone mixing ratios

3D-CLX-GSE-PRO2: 3D gridded fields of ClOx for fixed local time
3D-NOX-GSE-PRO2: 3D gridded fields of NOx for fixed local time 

Accuracy  3D-O3S-GSE-PRO2: rms < 15%, bias < 1% 
3D-CLX-GSE-PRO2: rms < 25%, bias < 1% 
3D-NOX-PRO2: rms < 25%, bias < 1% 

Geometric resolution Horizontal 250 km (truncated to 2.5°) , vertical 1.5 km (lower stratosphere) 
Grid / projection Interpolated on latitude-longitude grid from original icosahedron spherical grid on sigma-

pressure levels  
Spatial coverage 3D global (1000 – 0.1 hPa) 
Temporal coverage 1995 – 2005, daily synoptic and fixed local time analyses every 6h 
Data format HDF4, NetCDF 
Availability Operational for ENVISAT and MetOp observing period 
Production process 
Method/algorithm 4DVAR  assimilation of level 2 products into chemistry-transport model 
Model / assimilation SACADA chemistry-transport model / 4DVAR assimilation 
Reference Elbern H., F. Baier, M. Bittner, R. Bochorishvili, H. Bovensmann, L. Hoffman, W. Joppich, J. 

Meyer, M. Riese, J. Schwinger, G. Stiller and Th. von Clarmann: Synoptic Analyses of 
Chemical constituents by Advanced Data Assimilation (SACADA), AFO2000 Newsletter 10, 
p 7-10, 2005.
 
Hendricks J, F. Baier, A. Ebel, G. Günther and B.C. Krüger: Stratospheric ozone depletion 
during the 1995 – 1996 Arctic winter: 3D simulations on the potential role of different PSC 
types. Ann. Geophys., 19, 1163-1181, 2001.  

Quality standards 
Production Monitoring of OMF residuals, comparisons to station and satellite data  
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Product OMF error statistics for single pressure levels.  
Long-term time series comparisons for single stations. 
Episodical comparisons to available HALOE and GOMOS observations. 

Validation Comparisons to ozone soundings of the GAW network available via WOUDC 
(http://www.woudc.org). 
Comparisons to UARS/HALOE observations available from NASA’s GES Distributed Active 
Archive Center (http://daac.gsfc.nasa.gov/data/datapool/ UARS/HALOE/L2) 
Comparisons to withheld ENVISAT/GOMOS observations 

Input data 
EO data ENVISAT MIPAS level 2 volume mixing ratios (vmr): H2O, O3, HNO3, CH4, N2O, NO2.  

ENVISAT SCIAMACHY level 2 O3 vmrs. 
ENVISAT GOMOS level 2 O3, NO2, NO3 vmrs. 
ERS-2 GOME/NNORSY level 2 ozone mixing ratios 
MetOp GOME-2 and IASI total column ozone densities. 

Other data 6h ECMWF meteorological analysis (wind and temperature fields, surface pressure, etc.) 
Optional or other specific properties (if applicable) 
Historical archive Reanalysis of ERS-2 and ENVISAT data since 1995 
Offline/NRT Actual base products online depending on data availability, record offline 
Visualization standards Quicklooks for single pressure levels (60, 20, 10 hPa) in different projections. HDF4 and 

NetCDF data applicable for standard software (provided by DLR). 
Underlying primary user requirement(s) 
Key requirement Stratospheric ozone chemistry monitoring 
Originator(s) SPARC, WMO 

 

BASCOE Ozone Products 

The Belgian Assimilation System for Chemical Observations from Envisat (BASCOE) is a 4D-Var 
assimilation scheme. It has been applied operationally to near real time MIPAS observations: O3, NO2, 
HNO3, N2O, H2O and CH4 (see http://bascoe.oma.be). 4D-Var method aims to optimize the model initial 
condition to reproduce a set of observations given for a time window. One of the benefits of this method is 
that it creates a balance analysis throughout the assimilation window. For example to reproduce ozone data, 
initial condition of every species that interact significantly with ozone during the time window will be adjusted. 
This method can then derive information from unobserved species like chlorines. 

For this service, BASCOE analysis of MIPAS and UARS/MLS will be provided as synoptic maps. This 
concerns ozone and chlorine reservoir Cly. Results will be provided through the PROMOTE web site as 
quick-looks and HDF4 files. 

The BASCOE Ozone Products service will be based on the following ingredients: 
• ENVISAT MIPAS and UARS/MLS 
• UARS/HALOE  and SAGE-II ozone profile observations. 
• 4DVAR assimilation of trace gas observations into chemistry-transport model. 

 

Product description 
Summary  Global vertical resolved record of ozone and chlorine reservoir based on assimilation of data 

from atmospheric UARS/MLS and ENVISAT/MIPAS using 4DVAR BASCOE system 
Product properties 
Parameter(s) 3D-O3B-GSE-PRO2: 3D gridded fields of ozone mixing ratios

3D-CLY-GSE-PRO2: 3D gridded fields of Cly for fixed local time 

Accuracy  3D-O3S-GSE-PRO2: rms < 15%, bias < 1% 
3D-CLY-GSE-PRO2: rms < 35%, bias < 10% 

Geometric resolution Horizontal 550 km (lon) x 400 km (lat) (truncated to 5°x3.75°) , vertical 1.5 km (lower 
stratosphere) 

Grid / projection Interpolated on latitude-longitude grid on sigma-pressure levels  
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Spatial coverage 3D global (1000 – 0.1 hPa) 
Temporal coverage 1992 – 1999 (UARS/MLS) and 2002-2004 (ENVISAT/MIPAS), daily synoptic and fixed local 

time analyses every 6h 
Data format HDF4 
Availability Operational for UARS/MLS and ENVISAT/MIPAS observing period 
Production process 
Method/algorithm 4DVAR  assimilation of level 2 products into chemistry-transport model 
Model / assimilation BASCOE chemistry-transport model / 4DVAR assimilation 
Reference Errera, Q. and Fonteyn, D.: Four-dimensional variational chemical assimilation of CRISTA 

stratospheric measurements, J. Geophys. Res., 106, 12 253–12 265, 2001. 
Geer, A. J., W. A. Lahoz, S. Bekki, N. Bormann, Q. Errera, H. J. Eskes, D. Fonteyn, D. R. 
Jackson, M. N. Juckes, S. Massart, V.-H. Peuch, S. Rharmili, and A. Segers, The ASSET 
intercomparison of ozone analyses: method and first results, Atmos. Chem. Phys., 6, 5445–
5474, 2006  

Quality standards 
Production Monitoring of OMF residuals, comparisons satellite data  
Product OMF error statistics for single pressure levels.  

Long-term time series comparisons with HALOE and SAGE-II observations. 
Validation Comparisons to UARS/HALOE observations available from NASA’s GES Distributed Active 

Archive Center (http://daac.gsfc.nasa.gov/data/datapool/ UARS/HALOE/L2) 
Comparisons to SAGE-II observations 

Input data 
EO data ENVISAT MIPAS level 2 volume mixing ratios (vmr): H2O, O3, HNO3, CH4, N2O, NO2.  

UARS MLS level 2 vmrs: O3, HNO3, H2O and ClO. 
Other data 6h ECMWF meteorological analysis (wind and temperature fields, surface pressure, etc.) 
Optional or other specific properties (if applicable) 
Historical archive Reanalysis of UARS/MLS and ENVISAT/MIPAS data since 1992 
Offline/NRT Actual base products online depending on data availability, record offline 
Visualization standards Quicklooks for single pressure levels (60, 20, 10 hPa) in different projections. HDF4 data 

applicable for standard software (provided by DLR). 
Underlying primary user requirement(s) 
Key requirement Stratospheric ozone chemistry monitoring 
Originator(s) SPARC, WMO 
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A2.2 Total Ozone Service 

The aim of the total column ozone service is to generate NRT, offline and forecast as well as long-term 
global total ozone data sets. The ozone monitoring service consists of: 

• A near-real time total ozone retrieval product based on SCIAMACHY and OMI level-1 data.  
• An ozone forecasting service based on TM and SCIAMACHY and OMI total ozone retrievals.  
• An assimilated total ozone product, based on TM and available TOMS, SCIAMACHY, GOME and OMI 

level-2 data. (possibly extended with GOME-2) 

The total ozone service provides NRT ozone observations, forecasts of ozone fields and a long-term 
consistent global total ozone data sets by assimilating the available multi-sensor total ozone satellite dataset 
into a chemical transport model driven by meteorological analysis. 

The 3 sub services of the total ozone service are: 

o NRT total column ozone based on SCIAMACHY and OMI 
o Total column ozone forecast based on assimilation (using TM3DAM) of the NRT datasets of 

the first service. 
o Assimilated total ozone record using TM3DAM and data from the satellite instruments TOMS, 

GOME, SCIAMACHY and OMI 

NRT total ozone 

The near-real time ozone column retrieval is based on the SCIAMACHY and OMI measurements. DOAS 
algorithms (TOSOMI and OMDOAO3) will be applied to provide near-real time ozone data. Required for this 
service is near-real time access to SCIAMACHY and OMI level-1 data.  

Product description 
Summary  Near-real time total ozone 
Product properties 
Parameter(s) O3column: Ozone column level-2 product based on SCIAMACHY and OMI observations 
Accuracy  Approx 2% for SZA < 75 degree (to be specified in more detail) 
Geometric resolution Mostly 13x24 km, depending on instrument, latitude, viewing angle 
Grid / projection Orbits  
Spatial coverage Global, swath 2800 km (OMI), 960km (SCIAMACHY), 14 orbits per day 
Temporal coverage Global coverage in 1 day 
Data format HDF, ascii 
availability Operational implementation based on SCIAMACHY measurements since early 2004. 
 
Method/algorithm TOSOMI total ozone retrieval algorithm, combined with FRESCO cloud retrieval for 

SCIAMACHY. OMDOAO3 retrieval and the OMI cloud algorithm for OMI. 
Model / assimilation DOAS retrieval 
reference Eskes, H. J., R. J. van der A, E. J. Brinksma, J. P. Veefkind, J. F. de Haan, and P. J. M. 

Valks, Retrieval and validation of ozone columns derived from measurements of 
SCIAMACHY on Envisat, Atmos. Chem. Phys. Discuss., May 2005. 
Valks, P., and R. van Oss, TOGOMI Algorithm Theoretical Basis Document, KNMI, 
November 2003;  
Veefkind, J.P. and J.F. de Haan, OMI Algorithm Theoretical Basis Document, Barthia, P.K 
(ed), Volume II - Chapter 3, DOAS Total Ozone Algorithm, ATBD-OMI-02, Version 1.0, 
September 2001. 

 
Production Large number of DOAS quality checks, level-1 data sanity checks. 
Product DOAS fitting precision quantified. 
Validation Intercomparison of the TOSOMI ozone column retrievals with ground-based observations 

(Brewer, Dobson, DOAS, SAOZ, ozone sondes, lidar etc.) [Brinksma, 2004] 
Input data 
EO data Level 1 data from SCIAMACHY and OMI 
Other data - 
Optional or other specific properties (if applicable) 
Historical archive Archive of ozone column retrievals is available online 
Offline/NRT NRT  
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Visualization standards Images in gif format provided of global distribution.  
Underlying primary user requirement(s) 
Key requirement High quality ozone observations in NRT 
Originator(s) ECMWF 

 
Total ozone forecast 

The ozone forecasting service will be based on the SCIAMACHY ozone processing chain that is provided by 
the KNMI. The system is based on: 1) TOSOMI ozone columns; 2) Medium-range meteorological forecasts 
of the ECMWF. Pre-processing of this forecast run to the required form and resolution for the TM chemistry-
transport model; 3) The ozone column data assimilation model TM3DAM. One 9-day forecast run will be 
performed around 3 am, directly after completion of the ECMWF medium-range weather forecast.  

Product description 
Summary  Daily ozone analyses and 9-day ozone forecast of the global total ozone field 
Product properties 
Parameter(s) - Daily ozone analysis based on SCIAMACHY ozone observations 

- Ozone forecasts for forecast days 0 to 9 
Accuracy  2 dimensional field of accuracy is provided as part of the product (typically 3%) 
Geometric resolution 2D, 1 degree latitude by 1.5 degree longitude 
Grid / projection Latitude-longitude grid, various projections possible  
Spatial coverage Global 
Temporal coverage Hourly fields 
Data format HDF and ASCII 
availability Operational implementation based on SCIAMACHY ozone measurements since 

February 2004. 
Production process 
Method/algorithm TM3DAM chemistry-transport model driven by ECMWF medium-range forecast wind, 

pressure and temperature fields.  
Model / assimilation TM3DAM data assimilation approach. 
reference Eskes et al, Q. J. R. Meteorol. Soc., 129, 1663-1681 (2003) 

Eskes, Atmos. Chem. Phys., 2, 271-278 (2002) 
Quality standards 
Production - Backup of forecast processing based on OMI is running. 

- Routine monitoring of forecast production chain during working hours;  
- Monitoring of ozone observations and model forecast quality by means of observation-
minus-forecast (OmF) reports. Quality screening to reject bad retrievals and outliers. 

Product - Retrospective analysis of forecast performance 
- Study of OmF reports, fine tuning of two-dimensional analysis precision distributions 
that are part of the product.   

Validation - Intercomparison of the TM3DAM analyses (2D, 3D) with ground-based observations 
(Brewer, Dobson, DOAS, SAOZ, ozone sondes, lidar etc..) 
- Study of OmF statistics: bias, rms as a function of relevant parameters in the 
assimilation model and retrieval.  

Input data 
EO data Level 1 SCIAMACHY data (SCI_NL_1PN) 
Other data Meteorological medium-range forecast data of ECMWF 
Optional or other specific properties (if applicable) 
Historical archive Archive of global ozone analyses and forecasts since February 2004 
Offline/NRT NRT (Offline for reanalysis runs) 
Visualization standards Images in gif format provided for northern hemisphere, southern hemisphere and globe. 

Data sets: HDF viewers, IDL 
Underlying primary user requirement(s) 
Key requirement Reliable forecasts for UV forecast processing 
Originator(s) DWD 
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Total ozone record 

The ozone monitoring service will be based on the following ingredients: 

• Available OMI, SCIAMACHY, GOME and TOMS level-2 data.  
• Medium-range meteorological analyses of the ECMWF. The work will be based on the ERA-40 

reanalysis (1979-1999) as well as operational data sets (end 1999 – present). 
• The ozone column data assimilation model TM3DAM.  

This service consists of assimilating available total ozone records from UV/VIS instruments with a chemistry-
transport model driven by state-of-the-art meteorological analyses. The service will be based on the latest 
and most accurate versions of the retrieval algorithms for these instruments. The data sets for the three 
different instruments will be compared by monitoring observation-minus-forecast differences through the data 
assimilation system and by comparisons with ground-based data sets. Offset correction factors will be 
implemented to achieve one consistent ozone record. Additionally, a multi-sensor satellite ozone data record 
without assimilation into a CTM will be provided for comparison. 

Product description 
Summary  Daily global total ozone analyses for the periods 2004-present (based on OMI), 2002-

present (based on SCIAMACHY), 1995-2003 (based on GOME) and 1978-2000 (TOMS). 
Product properties 
Parameter(s) 30-year record of ozone analysis based on ozone observations 
Accuracy  A 2 dimensional field of total ozone accuracy is provided as part of the three products 

listed above.  
Geometric resolution Two dimensional data sets on a 1 degree latitude by 1.5 degree longitude grid. 
Grid / projection Latitude-longitude grid, various projections possible  
Spatial coverage Global 
Temporal coverage Every 6 hours 
Data format HDF 
Availability 2007: all data sets available 

2008-2009: merging to one consistent dataset 
Production process 
Method/algorithm TM3DAM chemistry-transport model driven by ECMWF analyses of wind, pressure and 

temperature fields.  
Model / assimilation TM3DAM data assimilation approach. 
reference Eskes et al, Q. J. R. Meteorol. Soc., 129, 1663-1681 (2003) 
Quality standards 
Production Monitoring of ozone observations and model forecast quality by means of observation-

minus-forecast (OmF) reports. Quality screening to reject bad retrievals and outliers. 
Product Study of OmF reports, fine tuning of two-dimensional analysis precision distributions that 

are part of the product.   
Validation Intercomparison of the TM3DAM analyses (2D, 3D) with ground-based observations 

(Brewer, Dobson, DOAS, SAOZ, ozone sondes, lidar etc..) 
Study of OmF statistics : bias, rms as a function of relevant parameters in the 
assimilation model and retrieval.  

Input data 
EO data OMI OMDOAO3 retrievals, SCIAMACHY TOSOMI retrievals, GOME GDPV4 retrievals, 

TOMS v8 retrievals. 
Other data Meteorological analyses of ECMWF (ERA-40 data set, operational data set) 
Optional or other specific properties (if applicable) 
Historical archive Same as product 
Offline/NRT Offline 
Visualization standards Images in gif format provided for northern hemisphere, southern hemisphere and globe. 

Data sets: HDF viewers, IDL 
Underlying primary user requirement(s) 
Key requirement Stratospheric ozone trend monitoring and long-term UV analysis 
Originator(s) RIVM and WMO 
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A2.3 Satellite-based PM Demonstration Service 

The service consists of two sub services, which are complementary in their delivery and coverage. One 
service provides daily observations, and the other service delivers historic records. Whereas the European 
service provides medium resolution data (60x30 km2), but for entire Europe, the regional service covers only 
one selected area (Northern Italy), but with a higher resolution of 10x10 km2. 

This chapter provides the specification of all products in the Satellite-based Particulate Matter (PM) 
Demonstration service. One product contains several parameters, which are simultaneously generated on 
equal grids by one generation system. 

Products are grouped in 2 sub services: 
• a daily monitoring regional service for Northern Italy  
• an offline multi-annual record service for entire Europe 

The following tables summarize the Sat-based PM 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”. 

Regional daily product for Northern Italy  

The regional Sat-PM Service for Northern Italy allows to estimate PM content at the surface from columnar 
satellite fine-mode AOD and small to total number particles ratio as retrieved from MODIS radiances (Aqua 
and Terra platforms) provided by EOS Data Gateway. AOD is related to PM content at the ground by taking 
into account the fine fraction η. Meteorological characterization of the PBL is used as ancillary data and it is 
inserted in an empirical regression model.  

Product description 
Summary  Daily maps of tropospheric aerosol properties from MODIS (Terra-Aqua) related to 

Particulate Matter content over Northern Italy 
Product properties 
Parameter(s) Aerosol Optical Depth at 550 nm 

Small to total number particles ratio (η) 
Satellite derived PM content at the surface 

Accuracy  AOD: 0.05+0.2*AOD 
Small to total number particles ratio: N.A. 
Satellite estimated PM content: TBD 

Geometric resolution 10x10 km2 
Grid / projection Equal angle grid 
Spatial coverage Northern Italy with focus on Po valley area     
Temporal coverage Daily temporal resolution 
Data format PNG and  GEOTIFF on demand  
availability Sat PM: selected months in 2002 and 2004; 

AOD, η: selected months in 2002, whole 2004; 
 PROMOTE-2 / phase 1: 2 months in warm season;   

Production process 
Method/algorithm For AOD and small to total number particles ratio: Kaufman method for global remote 

sensing of tropospheric aerosol over land(1) 
For satellite estimated PM content: empirical regression model using satellite columnar 
AOD and meteorological characterization at the surface(2),(3) 

Model / assimilation Retrieval and empirical regression model 
reference (1) Kaufman, Y.J. et al. (1997), JGR, 102, No. D14, 17051-17067 

(2) Wang, J., and Christopher, A., (2003), GRL 30, No. 21, 2095, doi: 
101029/2003GLO18174. 
(3) Sarigiannis, D.A., et al. (2004). Phot. Eng. Rem. Sens., 70, No. 2, 235-245. 

Quality standards 
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Production Large set of  satellite derived PM in coincidence with PM concentration samplings 
Product RMS between satellite derived PM and in-situ PM concentration samplings  
Validation Satellite derived PM compared to in-situ PM measurements and/or CTM estimates 
Input data 
EO data AOD at 550 nm and small to total number particles ratio from MODIS 
Other data PM1, PM2.5 and PM10 in-situ measurements in the area of interest;  

Meteorological parameters at surface and mixing layer height 
Optional or other specific properties (if applicable) 
Historical archive Sat_PM: selected months in 2002 and 2004  

AOD, η: selected months in 2002, whole 2004  
Offline/NRT PROMOTE-2 / phase 1&2: Offline;  phase 3: NRT ;  
Visualization standards Standard GEOTIFF and PNG viewer  
Underlying primary user requirement(s) 
Key requirement Assimilation of initial state for air quality forecasting and NRT monitoring 
Originator(s) ARPA Lombardia and ARPA Piemonte  

Multi-annual European PM records 

The European monthly mean PM record will be derived based on the systematic conversion of AOD values 
and aerosol type retrieved with the synergetic aerosol retrieval method SYNAER. As auxiliary information 
vertical profiles of aerosol loading from the European EURAD model will be used. Additionally as by 
products, an intrinsic error estimation, the cloud fraction, AOD and aerosol type are provided. 

Product description 
Summary  Multi-annual PM records 
Product properties 
Parameter(s) Main: PM10, PM2.5, PM1.0 

Auxiliary: AOD at 550 nm, AOD550 composition, pixel-wise AOD error estimate, cloud 
fraction 
 

Accuracy  PM: tbd 
Geometric resolution 60 x 30 km2 (ENVISAT) 
Grid / projection Orbit geometry, monthly mean (gridded dataset) 
Spatial coverage Swath 480 km, 14 orbits per day, 

i.e. global coverage in approx. 2 weeks 
Europe 

Temporal coverage Daily, monthly means 
Data format HDF; GIF 
availability ENVISAT 2003-2006 (partly, PROMOTE-1) 

Promote-2/phase 1: reprocessing 3 months in warm season 2005 
Production process 
Method/algorithm Based on SYNAER synergetic retrieval 

including APOLLO cloud detection, 
AOD-PM conversion factors for each aerosol type, vertical profile correction based on 
EURAD PM2.5 profiles 

Model / assimilation Post-processing 
reference Holzer-Popp et al., JGR 107, D21 + D24, 2002 

  - contains basic aerosol components and definition of 40 external mixtures 
Holzer-Popp, Th., Air Pollution X, 2002 
  - describes principles of the AOD to PM conversion 

Quality standards 
Production Underlying SYNAER product: Ambiguity test, fit error test, exceedance control of method 

limitations 
PM-conversion: tbd 

Product Case study validation done (SYNAER comparison to AERONET) 
Intercomparison to other retrievals over ocean done (Myhre et al, ACP, 2005) 
Few selected cases inter-comparison of PM data against EMEP data: overall reasonable 
agreement with over-estimation in semi-arid and under-estimation near mountaneous 
terrain 
further validation planned within PROMOTE-2 (PM comparison against EMEP data) 

validation Holzer-Popp et al., JGR 107, D24, 2002 
Myhre et al., ACP, 2005 
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EMEP report on aerosol data 2006 
Input data 
EO data SYNAER retrieval results 
Other data (static) EURAD aerosol profile 
Optional or other specific properties (if applicable) 
Historical archive Europe / Africa 04/2003 – 1172006 (with gaps) 
Offline/NRT offline 
Visualization standards Through HDF viewer, idl routines 
Underlying primary user requirement(s) 
Key requirement Near-surface concentrations 
Originator(s) EMEP 

 
 
 
 
A2.4 Local and Regional Air Quality Forecasting  
The service comprises air quality forecasting systems for 
 
• London, Budapest and other European cities, provided by CERC; 
• Belgian cities, provided by VITO; 
• The Eastern Mediterranear, provided by AUTH; 
• Air Quality forecast and analysis for Finland, provided by FMI; 
• Mecklenburg-Western Pomerania and Bavaria, provided by DLR; 
• Air Quality Forecast and data assimilation for Europe, provided by RIU; 
• Ozone and Nitrogen Dioxide Forecast for the Netherlands, provided by KNMI; 
• South-East of France, Corsica and East Italy provided by ACRI-ST. 
 
This chapter provides the specification of all products in the Baseline and Extension Local & Regional Air 
Quality Forecasting service. One product generally contains several parameters but in many cases these are 
summarised as an air quality index; only when several parameters are simultaneously generated on equal 
grids by one generation system, more parameters are collected in one product. 
 
Products are grouped according to service provider. The following tables summarize the 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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AQ-Fin product: Air Quality forecast and analysis for Finland 

The products are generated by the SILAM modelling system. It aims at monitoring and forecasting the 
concentrations of various chemical pollutants with a stress to aerosol compounds. The forecast is delivered 
on a daily basis, for which the night-cycle fields of the meteorological model HIRLAM-FMI or ECMWF (a 
backup) are used. These fields are based on full-scale 4D- and 3D-VAR data assimilation of meteorological 
parameters. An emission module is partly incorporated into the main core of the SILAM modelling system 
and it provides the anthropogenic and dynamic meteorology-driven emission flux as an input for the 
dispersion core. The fire assimilation system stands as a separate emission pre-processing module. The 
model simulations produce the concentration fields as the main output, which are routinely verified against 
the available observations, including the EO data.  

The AQ_Fin service will be based on the following ingredients: 
• input data: meterological analysis and forecast  
• auxiliary data: EO data on wild-land fires 
• algorithm: emissions module is based on anthropogenic emission databases and meteorology-driven 

simulators for the species, such as sea salt. 
 

Product description 
Summary  Predictions and analysis of near surface pollution concentration 
Product properties 
Parameter(s) Concentration for anthropogenic pollution 
Accuracy  TBD 
Geometric resolution 5-10 km 
Grid / projection Standard longitude-latitude  
Spatial coverage Finland and the near surrouding 
Temporal coverage Daily 24 hours forecast  
Data format Maps 
Availability Operational  
Production Process 
Method/algorithm  
Model / assimilation Meteorology: ECMWF and HIRLAM 

Dispersion: SILAM 
reference Sofiev et al, 2006 
Quality standards 
Production Verification with measurements performed by the Finnish monitoring network when 

these data are available 
Product Difference between the model forecasts and the measurements 
Validation Statistical analysis of the difference between the model forecasts and the 

measurements 
Input data 
EO data Land Cover terrain and Landuse data set 

MODIS temperature anomalies 
Other data ECMWF and IRLAM meteorological analysis and forecast 
Optional or other specific properties (if applicable) 
Historical archive Archived model applications for 2000-2003  

Database of forecasts since Summer 2007 
Offline/NRT Offline, NRT 
Visualization standards PNG images 
Underlying primary user requirement(s) 
Key requirement 1. Daily maps of concentrations over Finland and the near surrouding 

2. Time series for Finnish AQ monitoring stations 
Originator(s) 1. Helsinki City Council 
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Regional air quality forecasts for Mecklenburg-Western Pomerania and Bavaria (AQ-MP) 
The regional air quality service for Berlin area and Mecklenburg-Western Pomerania (AQ-MP) provides 72h 
forecasts on a daily basis. It has been implemented at the German Remote Sensing Data Center of the 
German Aerospace Center (DLR-DFD). Products cover analyses of the pollutants ozone, NO2, PM10, SO2, 
CO and benzene with a 1h temporal resolution. The air quality index (AQI) is derived for respective ground 
level concentrations, following EU regulations. Products are available as quick-looks and flat ASCII tables via 
the webpage of WDC-RSAT. Initially the Mecklenburg-Western Pomerania, Brandenburg and Berlin area 
regions are covered. A service extension to Bavaria is foreseen for PROMOTE phase 3. 

This service is based on the EURopean Air Pollution Dispersion (EURAD) model system developed at the 
Rhenish Institute for Environmental Research (RIU) at the University of Cologne. EURAD simulates the 
physical, chemical and dynamical processes which control emission, production, transport and deposition of 
atmospheric pollutants. EURAD provides concentrations of tropospheric air pollutants and their removal from 
the atmosphere by wet and dry deposition (Hass et al., 1995; Jakobs et al., 1995; Memmesheimer et al., 
1997; Kessler et al., 2001).  

The AQ-MP service will be based on the following ingredients: 

• Daily NCEP meteorological 00:00 analyses, PROMOTE integrated air quality analysis; 
• Station readings from LUNCH regional air quality network; 
• EURAD dispersion system. 

Product description 
Summary  Daily air quality analysis and forecasts for the Region Mecklenburg-Western Pomerania 
Product properties 
Parameter(s) 3D-O3-AQMP-GSE-PRO2: ozone 

3D-NO2-AQMP-GSE-PRO2: NO2 
3D-PM10-AQMP-GSE-PRO2: PM10 
3D-SO2-AQMP-GSE-PRO2: SO2 
3D-CO-AQMP-GSE-PRO2: CO 
3D-C6H6-AQMP-GSE-PRO2: benzene  
3D-AQI-AQMP-GSE-PRO2: air quality index (AQI) 

Accuracy (Germany, 
02.02.2007 - maxima 
72h forecast values) 

O3:   rms = 19%, bias = 7% 
NO2:  rms = 39%, bias =14 % 
PM10: rms = 25%, bias = -7% 
SO2:  rms = 11%, bias = 2% 
CO:  rms = 1%, bias = -1% 

Geometric resolution 1° x 1°, 30 sigma levels from 1000 up to 150 hPa 
Grid / projection Stereographic projection 
Spatial coverage European continental, 31°W, 14°N to 63°N, 47°E 
Temporal coverage Daily 72h forecasts with 1h resolution 
Data format Gif quick-looks and flat ASCII tables 
availability Operational for project life-span 
Production process 
Method/algorithm Meteorology driven chemical dispersion modelling 
Model / assimilation Mesoscale Euler chemistry-transport model on regular grid (EURAD) 
Reference Hass, H., H.J. Jakobs, M. Memmesheimer, Analysis of a Regional Model (EURAD) 

Near Surface Gas Concentration Predictions using Observations from Networks, 
Meteorol. Atmos. Phys., 57, 173-201, 1995. 
Jakobs, H.J., H. Feldmann, H. Hass, M. Memmesheimer, The use of nested models for 
air pollution studies: an application of the EURAD model to a SANA episode, J. Appl. 
Met., Vol. 34, No. 6, 1301-1319, 1995. 
Memmesheimer, M., M. Roemer, A. Ebel, Budget calculations for ozone and its 
precursors: seasonal and episodic features based on model simulations, J. Atmos. 
Chem., 1997. 
Kessler Ch., Brücher W., Memmesheimer M., Kerschgens M. and Ebel A., Simulation 
of Air Pollution with Nested Models in North Rhine-Westphalia, Atmos. Environ, 35, 
Suppl. 1, S3-S12, 2001. 

Quality standards 
Production Daily score analysis using German ground-based station network (275 readings) 
Product Scatter plot with basic statistical data (mean, rms, bias) 
Validation Comparison to German ground-based station network observations 
Input data 
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EO data ENVISAT SCIAMACHY NO2 column densities (for validation only) 
Other data Daily NCEP meteorological 00:00 analyses, 

PROMOTE integrated air quality analyses (when available) 
Optional or other specific properties (if applicable) 
Historical archive Daily results since February 2004 
Offline/NRT Archive offline / daily forecasts online at approx. 12 am 
Visualization standards NCAR (visaq) 
Underlying primary user requirement(s) 
Key requirement Regional air quality assessment 
Originator(s) LUNG (Landesumweltamt für Umwelt, Naturschutz und Geologie) 

 

Air Quality Forecast and data assimilation for Europe by RIU 

The EURAD chemistry transport model and its 3d-var data assimilation module provides concentration fields 
of O3, NO2, SO2, CO, HCHO, PM10 and PM2.5 as well as air quality indices. The 72 hour forecast is 
performed every day while doing 3d-var data assimilation. Basing on an extended European domain, the 
system runs in a nested version, analyzing air quality for different target regions: North-Rhine-Westfalia, 
Austria, Switzerland, Macedonia.  

 

Product description 
Summary  analysed near surface air pollution concentrations using 3d-var data assimilation 
Product properties 
Parameter(s) ozone, sulphur dioxide, nitrogen dioxide, carbon monoxide, formaldehyde, particulate 

matter PM10, particulate matter PM2.5, Air Quality Indices 
Accuracy  Species depending, < 20 % 
Geometric resolution Europe: 45 x 45 km2 

Central Europe, Balkan: 15 x 15 km2 
Northrhine-Westfalia, Austria, Switzerland, Macedonia: 5 x 5 km2 
Rhine-Ruhr: 1.7 x 1.7 km2 
Unequal vertical resolution with <40m in the near surface layer 

Grid / projection Lambert conformal projection 
Spatial coverage Extended European region 
Temporal coverage Daily 72 hour forecast 
Data format Self extracting Header/Data Format, later HDF5 
availability Operational 
 
Method/algorithm RACM chemistry kernel, transport, deposition (w,d), cloud processes, aerosol dynamics 
Model / assimilation Chemistry transport model, 3d-var data assimilation with sophisticated covariance 

modelling  
reference www.riu.uni-koeln.de and reference list below 
 
Production Daily 72 hours forecast, 3d-var data assimilation 
Product Gif images, model data 
Validation Verification with withhold observations, Calculation of daily/monthly skill scores 
Input data 
EO data USGS terrain and landuse data set, satellite based observations 
Other data GFS global meteorological forecast 

EMEP Emission data base, in situ observations 
Optional or other specific properties (if applicable) 
Historical archive forecasts database since 01.11.2001 
Offline/NRT NRT 
Visualization standards NCAR Graphics, IDL 
Underlying primary user requirement(s) 
Key requirement High resolution air quality analyse, operational 
Originator(s) Environmental Agencies 
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AQ-NL product: Ozone and Nitrogen Dioxide Forecast for the Netherlands  
RIVM co-operates with KNMI to set-up an improved air quality forecast based on the Chimère model. The 
tasks ahead are, on the model side, to improve the emissions (currently only EMEP), improve the horizontal 
resolution from 50 to 10 km, provide a coupling to the Dutch HIRLAM high-resolution meteorological model 
and to use the latest Chimère version which includes aerosol/PM. RIVM has set the requirement that the 
new system has to improve on the old statistical forecast before it will replace it. In the evaluation phase the 
new system may not be made public to avoid  conflicting AQ information.  

The AQ-NL service will be based on the following ingredients: 
• input data: meteorological analyses and forecasts. 
• auxiliary data: EO data and surface network data 
• algorithm(s): Chimère chemistry-transport model. 
 

Product description 
Summary  Operational two-day forecasts of ozone and NO2 for the Netherlands 
Product properties 
Parameter(s) Ozone and nitrogen dioxide concentrations  

(3D distributions, other trace gases and aerosols available as well) 
Accuracy  To be determined 
Geometric resolution About 10 km 
Grid / projection Regular lat-lon 
Spatial coverage Netherlands and surroundings 
Temporal coverage Hourly data available for analysis and two-day forecast 
Data format NetCDF (HDF), maps 
availability Operational service 
 
Method/algorithm - 
Model / assimilation Chimère regional air quality forecast model. Data assimilation of surface and satellite data 

will be developed during the project. 
reference  
 
Production Operational. Product quality and validation information will be gathered in near-real time 

and reported.  
Product  
Validation Validation with surface observations (RIVM network) and satellite observations (OMI in 

particular). 
Input data 
EO data SCIAMACHY and OMI retrievals of NO2 (and HCHO)  
Other data - RIVM LML network data 

- HIRLAM meteorological forecasts 
- High-resolution emission maps (source TNO) 
- Boundary conditions from Chimère on European grid 

Optional or other specific properties (if applicable) 
Historical archive Offline runs will be performed to document the performance of the model as compared to 

surface observations, satellite observations and other models.  
Offline/NRT Both 
Visualization standards PNG format images. Images will be generated automatically to visualise the forecasts. 
Underlying primary user requirement(s) 
Key requirement - Daily maps of concentrations over the Netherlands. 

- Time series with 1 hour resolution for RIVM AQ monitoring stations 
The new system has to improve on the current RIVM forecast before it will replace it. In 
the evaluation phase the new system may not be made public to avoid  conflicting AQ 
information. 

Originator(s) RIVM 
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LAP-AUTH Air Quality Forecast for the Eastern Meditteranean 

3-day air quality forecasts are carried out at the Aristotle University of Thessaloniki (AUTH) using a modeling 
forecast system which consists of the prognostic meteorological model MM5 and the photochemical air 
quality model CAMx. The forecast system runs operationally on a daily basis and predicts near surface air 
pollutants levels. A detailed emission inventory for Greece has been compiled by the Laboratory of 
Atmospheric Physics. The modeling domain, having spatial resolution equal to 10km, covers Greece and a 
part of the neighboring Balkan countries. The presented maps depict daily maximum concentrations of 
Ozone and Nitrogen Dioxide and daily maximum 8h-average concentrations of Carbon Monoxide. 
Meteorological initial and boundary conditions are GFS forecasts while chemical boundary conditions 
originate from EURAD-CTM forecasts. 

 

Product description 
Summary  3-day forecasts of near surface air pollution concentrations 
Product properties 
Parameter(s) O3, NO2, CO, later SO2 & PM10  
Accuracy   
Geometric resolution South East Europe: 10 x 10 km2 

City of Athens & Thessaloniki: 2 x 2 km2 (later) 
Unequal vertical resolution with 90m (later 30m) in the near surface layer 

Grid / projection Lambert conformal projection 
Spatial coverage South East Europe 
Temporal coverage Daily 72 hour forecast 
Data format Fortran Binary, later HDF 
availability Operational  
 
Method/algorithm CBIV mechanism 
Model / assimilation MM5-CAMX 
reference Poupkou et al., ESA SP 2006 (628) 6p  

lap.physics.auth.gr/forecasting 
 
Production Verification with measurements performed by the monitoring authorities 
Product Statistical Analysis of the Difference Observed-Forecast 
validation Preliminary in Poupkou et al., ESA SP 2006 (628) 6p  
Input data 
EO data USGS terrain and landuse data set 
Other data GFS global meteorological forecast 

EMEP Emission data base 
Optional or other specific properties (if applicable) 
Historical archive Data base of all forecasts since 01.11.2005 
Offline/NRT NRT 
Visualization standards Gif images produced by GRADS 
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Product of the AIRES Air Quality Forecast System 
The products are generated by the AIRES Air Quality Forecast System. This system aims at monitoring and 
forecasting the concentration of several chemical species such as ozone, sulphur dioxide, nitrogen dioxide, 
carbon monoxide etc… near the surface and at regional scale. It is currently operated on the area of South-
East of France, Corsica and East Italia including two high-resolution nested domains around the cities of 
Marseille and Nice. The computations are performed every night so as to provide meteorological and 
chemical analyses for the day before along with forecasts from Day+0 to Day+2 available on through a 
dedicated WEB site shown below. 

The local Air Quality service will be based on the following ingredients: 
• input data: global meterological analysis and forecast, continental chemical data 
• auxiliary data: EO data 
• algorithm: meteorological, emissions and photochemical computation ; post-processing 
 

Product description 
Summary  predictions and analyses of near surface air pollution concentrations 
Product properties 
Parameter(s) O3,NO2,NO,PAN,HNO3,SO2,CO,CH4,C2H6,NC4H10,C2H4, 

C3H6,OXYL,C5H8,APINEN,HCHO,CH3CHO,GLYOX,MGLYOX,CH3COE 
Accuracy  TBD 
Geometric resolution PACA/Corsica/East of Italia: 9 x 9 km2 

MARSEILLE: 3 x 3 km2 
NICE: 3 x 3 km2 
Unequal vertical resolution with 50m in the near surface layer 

Grid / projection Lambert conformal projection 
Spatial coverage From 4.4 to 11° in longitude, from 40.5 to 45° in latitude 
Temporal coverage Daily 72 hour forecast 

Archive since 2005 
Data format Fortran binary, NetCDF 
availability Operational  
Production process 
Method/algorithm limited-area, nonhydrostatic, terrain-following sigma-coordinate mesoscale modelling of the 

atmospheric circulation. 
Model / assimilation Meteorology: MM5 from NCAR 

Chemistry: CHIMERE-CTM from IPSL 
references Vautard, R., M. Beekmann, J. Roux and D. Gombert, 2001, Validation of a hybrid forecasting 

system for the ozone concentrations over the Paris area. Atmos. Environ., 35, 2449-2461. 

Anthes, R.A. and T.T. Warner, 1978: Development of hydrodynamic models suitable for air 
pollution and other mesometeorological studies. Mon. Wea. Rev., 106, 1045-1078.  

See also the websites: 

http://www.mmm.ucar.edu/mm5/mm5-home.html 

http://euler.lmd.polytechnique.fr/chimere 
Quality standards 
Production Verification with measurements performed by the air pollution monitoring network operated by 

local agencies 
Product Statistical analyses of the difference between the model forecasts and the measurements 

(OmF) 
validation Involvement in the ESCOMPTE modelling exercise: comparison between various models and 

an intensive measurement campaign 
(http://medias.obs-mip.fr/escompte/index.en.php) 

Input data 
EO data USGS terrain and landuse data set, sea surface temperature 
Other data NCEP meteorological analyses 
Optional or other specific properties (if applicable) 
Historical archive Data base of forecasts since 01.06.2004 
Offline/NRT NRT Archive since 2005 
Visualization standard PNG images. 
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Air quality forecast for Belgium and Belgian cities 
The Air quality forecast for Belgium and Belgian cities will be based on the following ingredients: 
• initial & lateral boundary conditions from the MM5/EURAD 25-km forecasts;  
• terrain and emissions data; 
• the ARPS (meteorology) and AURORA (chemistry-transport) models, together with pre- and post-

processing software. 

  

Product description 
Summary  The “Air quality forecast for Belgium and Belgian cities” Service aims at producing daily 48-

hour forecasts for (1) the whole Belgian territory (at 5 km resolution), and for (2) five Belgian 
cities (at 1 km resolution, and street-level resolution for Antwerp).  

Product properties 
Parameter(s) Hourly ground-level concentrations of relevant atmospheric pollutants (O3, NO2, PM10, 

Benzene, ...), as well as derived values (e.g., daily average PM10, daily ozone maximum, ...). 
Accuracy  Few ten percent 
Geometric resolution 5 km (Belgium), 1 km (cities), and 20-50 m (Antwerp) 
Grid / projection Cartesian, in Lambert projection. 
Spatial coverage The whole territory of Belgium, with zoom on the cities of Antwerp, Brussels, Ghent, Liège, 

Charleroi. 
Temporal coverage 0-48 hours forecast 
Data format data are currently produced in HDF and PNG formats, can be converted to any other regular 

format 
availability around 9:00 local time 
 
Method/algorithm Simulations with a 3-D Eulerian meteorological coupled to an air quality model, and scripts to 

launch simulations automatically.  
Model / assimilation Advanced regional Prediction System (ARPS, meteorology) and Air Quality Modelling in 

Urban Regions using an Optimal Resolution Approach (AURORA, chemistry-transport). No 
assimilation, though the fields from the MM5/EURAD models that are used as initial and 
lateral boundary conditions do contain assimilated data, so that (indirectly) satellite-based 
information infiltrates into the results.   

  
reference Mensink, C., De Ridder, K., Lewyckyj, N., Delobbe, L. Janssen, L and Van Haver, Ph., 2001. 

Computational aspects of Air quality modelling in Urban Regions using an Optimal 
Resolution Approach, in: S. Margenov, J. Wasniewski and P. Yamalov (Eds.) Large-Scale 
Scientific Computing, Lecture Notes in Computer Science, 2179, 299-308. 

 
Production Processing on a Linux cluster.  
Product 3-D raw data in flat binary format, and HDF and PNG files containing ground-level pollutant 

concentrations 
Validation Geophysical validation against measured values (a posteriori). 
Input data 
EO data SPOT-VEGETATION NDVI, MODIS SST 
Other data Terrain (CORINE land cover, GTOPO30 elevation model) and atmospheric pollutant 

emissions (traffic, industry, households, ...) 
Optional or other specific properties (if applicable) 
Historical archive To be constructed. 
Offline/NRT NRT 
Visualization standards To be determined with the User 
Underlying primary user requirement(s) 
Key requirement Timely availability, complementarity with statistical forecast, accuracy 
Originator(s)  
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YourAir for the London airTEXT service 

The service comprises detailed online maps of local air pollution, a broadcasting system to issue alerts in the 
event of an elevated forecast and an online registration system to permit users to register for alerts. 

• Regional air composition forecasts from PREVAIR (& EURAD), met forecasts.  
• Emissions model based on London traffic & holiday patterns and the London and Slough Atmospheric 

Emissions Inventories. 
• The forecast is generated using the ADMS-Urban local air pollution model. 
 

Product description 
Summary  Air pollution alert and detailed forecasting system 
Product properties 
Parameter(s) ozone, nitrogen dioxide, pm10, co, so2 
Accuracy  Varies from point to point 70-95% accurate for AQI. Alerts estimated 80% accurate in 

2005. 
Geometric resolution Irregular grid of 50m – 10m resolution varying with source density 
Grid / projection Mercator 
Spatial coverage 70 km x 50 km 
Temporal coverage 24 hours, twice daily 
Data format Online maps integrated with a map server, SMS, voicemail & email alerts 
availability March 12th 2007 
 
Method/algorithm Advanced Gaussian dispersion model with photochemistry 
Model / assimilation Upwind composition from PREVAIR & EURAD forecasts, including assimilated in-situ 

and satellite data 
reference  
 
Production Operational 
Product  
Validation Validation against in-situ observations categorised by UK AQI bandings 
Input data 
EO data From upwind data 
Other data MeteoGroup met forecasts 

London Atmospheric Emissions Inventory, in-situ measurements,  
Optional or other specific properties (if applicable) 
Historical archive Available from March 12, 2007 
Offline/NRT NRT 
Visualization standards GoogleMaps adapted for use by colour blind individuals or screen readers. 
Underlying primary user requirement(s) 
Key requirement Air quality alerts 
Originator(s) London & Slough local government 

 


