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Envisaged evolution of the
GMES Atmospheric Core Service

GEMS PROMOTE
EC FP6 Integrated Project ESA GMES Service Element
March 2005 — May 2009 April 2004 — August 2009
MACC

EC FP7 Integrated Project
June 2009 - October 2011

'

Operational GMES Atmospheric Core Service
November 2011 — ........
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The MACC
Partnership

* 46 national entities
(universities, national
labs, environment
agencies, ...) from18
European States, plus
ECMWF and JRC

e Partners include 11
National Met Services

e Supporting
organizations comprise
several other national
Institutes, EUMETSAT
and WMO

« ECMWEF is project
coordinator



The MACC Project Architecture
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The MACC product set

* Global analyses of greenhouse gases, reactive gases and aerosols,
provided in near-real-time and retrospectively

« Some of the required satellite data retrievals
» Estimates of global climate forcing, and of emissions and sinks
» Global forecasts of reactive gases and aerosols

 Multi-model forecasts and assessments of air quality for Europe
using regional systems

 Services for stratospheric ozone, UV radiation and solar energy

* Products to support downstream services, including those providing
downscaling and health warnings for dust-related meningitis and
pulmonary disorder

» Estimates of long-range pollutant transport and source attribution;
data in support of related international studies; tools for evaluating
control strategies



Graphical products
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Ozone Hole Area w.r.t. 220 DU in the Southern Hemisphere
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Daily GEMS products at ECMWF
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: . PREVIEW systems for monitoring the global distributions of atmospheric constituents important for climate
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Products

* A global reanalysis for 2003-

2007 for reactive gases,
aerosols and greenhouse
gases

Project Information

Web-hosting, archiving and - Gl reomrue cae ¢ oL
verification of coordinated ! et i o e

* Madon * Data Access (new)

regional air-quality forecasts
from ten models

* Collaboration Tools
* Reporting Tools
¢ ContactUs

First versions of the systems are now being run dally to provide current analyses and forecasts
and retrospective analyses for the years 2003-2007. Prototype products are available for
inspection, trial use and yser feedback. Products are al present openly available only in
graphical form Provision of digital data is under development
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Coupled IFS-CTM reactive-gas forecasting system

Oh 3h 6h 9h 12h

Chemical Transport Model

Met Met Met Met

P&L P&L P&L P&L

T

Meteorology IFS

Chemistry O,, CO, NO,, SO, and HCHO

3 CTMs: MOCAGE, MOZART and TM5

MOZART chosen for main production runs
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7-day averages for 15UTC centred on 2003/07/01
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7-day averages for 15UTC centred on 2003/07/01
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SCIAMACHY NO2 assimilation — January 2006

Monthly mean tropospheric
NOx columns

OMI NO2 from

http://www.gse-promote.org/

Unit;101° mol/cm?




SCIAMACHY HCHO assimilation — August 2007
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OMI plot from:
http://www.cfa.harvard.edu/~tkurosu/
Satellitelnstruments/OMI/Samplelmag
es/HCHO/index.html



S0O2 assimilation

» Case study of Nyamuragira eruption (Democratic Republic of
Congo): 27 Nov — 4 Dec 2006

« SCIAMACHY SO2 total column retrievals produced by BIRA
(http:/www.gse-promote.org), assumed plume height of 6km
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OMI SO2 columns [DU] from http://so2.umbc.edu/omi/



S0O2 assimilation

Forecast for 1 Dec, 0z Obs for 1 Dec, 0z Analysis 1 Dec, 0z

‘ , @ I o 25 I *

'% " . @ f f
Analysis 1 Dec, 12z Analysis 3 Dec, 12z Analysis 6 Dec, 12z

Dobson Units

SO2 assimilation started on 1 Dec 2006, because no SCIAMACHY data
available over Africa on 28-30 Nov 2006



Aerosol model development

Model includes:

Black carbon: biogenic source

» Sea salt (3 bins, with W WA e |
parametrized source) - = S :
« Desert dust (3 bins, with - TN Ry [
parametrized source) S
» Black carbon and organic matter Pl | I

(hydrophilic and hydrophobic, with o

specified sources)

» Sulphate aerosol (with specified
precursor emissions)

o Separate scheme for
stratospheric aerosols

Development (validation, improved
modelling and emissions) is ongoing




Saharan dust outbreak: 6 March 2004
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Aerosol optical depth at 550nm (upper)
and 670/675nm (lower)
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Emissions from Mediterranean fires in Summer 2007

Observed Fire Radiative
Power (from SEVIRI on
Meteosat) is converted to
emitted aerosol.

Run at 25km global
resolution rather than
125km standard GEMS
global resolution.

Joint work with Eumetsat-funded FREEVAL

project (M. Wooster, G. van der Werf, ...).

MODIS




Near-real-time fire emissions

ECMWE graphical product catalogue = Research = Gems = Global Reactive Gases » GEMS Products supporting the POLARCAT Campaigns = Lat-lon plots of
GEMS products for POLARCAT=

Lat-lon plots of GEMS products for POLARCAT
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GEMS Reanalysis Monthly Mean, August 2003
Mean column CO2 mixing ratio mean: 373.8 max: 381.8
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GEMS Reanalysis Monthly Mean, August 2004
Mean column CO2 mixing ratio mean: 377.5 max: 384.3
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GEMS Reanalysis Monthly Mean, August 2005
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GEMS

regional system




Distributed system for regional air quality forecasts

« 10 regional air-quality models run daily

— on common European domain == CAC
— with common ECMWF meteorological forcing B CURAD
and boundary values from global GEMS system
— with common emissions I l CHIMERE
— with common GRIB2 output format l I MOCAGE
« Output sent to ECMWF for I—= il
— archiving I I BOLCHEM
— derivation of ensemble forecast products : : EMEP
— web display + SILAM
— validation e o
= -
» Near-real-time provision of national air-quality = NAME- AQ
data (under MoUs) for validation of forecasts < =

— to ECMWEF in common BUFR format



Daily maximum NO, (ug/m?3)

24 December 2008 from 00UTC 22 December
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The spread of the
ensemble of regional air
guality models provides
an indication of the
uncertainty of the
forecasts.

At the same time we can
also show how the
forecasted
concentrations of the
various constituents
relate to their warning
thresholds.
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Satellite Data

Provision




Expected primary satellite provision for measuring

atmospheric composition —
Reactive gases

REACTIVE Gases (CO, HCHO, NO,, O,, SO,): Main Satellite Provision 2003-2019
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Expected primary satellite provision for measuring
atmospheric composition —
Aerosols

AEROSOLS, Albedo, Ocean Colour, Vegetation: Main Satellite Provision 2003-2019
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Expected primary satellite provision for measuring
atmospheric composition —
Greenhouse gases

33

L
GREENHOUSE Gases: Main Satellite Provision 2003-2019
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Summary

* MACC, the GMES Atmospheric pilot Core Service on Air
guality, started on 1 June 2009

* Results and data from GEMS/MACC can be found on

- 5 year reanalysis of GHG, GRG and AER
- NRT analysis and forecasts for GRG and AER
- Output from ensemble of regional air quality models

 Availability of satellite data crucial for MACC (NRT and
reprocessed offline data)

 Importance of profile data



