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Summary and Purpose of Document

This document is an Executive Summary of a strategy and requirements
for a Global Observing System for atmospheric chemistry based on
satellite, ground-based and aircraft observations. It falls under the
responsibilities of the WMO Global Atmosphere Watch (GAW)
Programme. GAW was established by Congress in 1989 combining the
WMO Global Ozone Observing System (GO3;0S) and the Background
Air Pollution Monitoring Network (BAPMoN) which had been in place for
decades.

ACTION PROPOSED

The meeting is invited to take into account information presented in this
document when discussing interrelation of the GOS with other observing
programmes.
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1. Foreword

Long term measurements have clearly shown that human activities are changing the composition of
the Earth’s atmosphere. Research has demonstrated the important consequences of such changes for
climate, human health, the balance of ecosystems and the ability of the atmosphere to cleanse itself of
harmful pollutants and greenhouse gases. The awareness that chemical species in the atmosphere are
key elements of the Earth system and public concern about the impact of man has led to international
organizations, such as WMO, UNEP and ICSU, supporting hational and international research
programmes or assessments that lead to international conventions (e.g. Vienna Convention on Ozone
Depletion, United Nations Framework Convention on Climate Change) and national directives.

In a declaration published on July 31, 2003, the International Earth Observation Summit held in
Washington, D.C., emphasised the vital importance of Earth observation activities, encouraging the
development of a comprehensive, coordinated, and sustained Earth observation system, as well as
activities leading to improved utilisation of data by developing countries.

The “Integrated Global Atmospheric Chemistry Observations’ (IGACO) theme was approved by the
Integrated Global Observing Strategy (IGOS) Partnership as the fourth theme in June 2001, following
those for the Ocean, the Global Water Cycle, and the Global Carbon Cycle. WMO and ESA convened
a panel of international scientists which produced this theme report, with the able assistance of a
number of distinguished reviewers. The panel is aso grateful for constructive comments from the
members of the secretariat and executive committee of the IGOS partnership, as well as the Strategic
Implementation Team of CEOS.

The objective of thisreport is to initiate a process leading towards a globally coordinated development
of future observation and integration programmes, whose components are either in place or, with
careful planning, can be implemented within the next 10 years. The report will :

o] identify the current major societal and scientific issues associated with atmospheric
composition change;

o] establish the requirements for observations of atmospheric composition and their
analysis, integration and utilisation;

o] review the existing observational systems including data processing and distribution
systems and validation programmes vis-a-vis these requirements; and

o] propose an implementation plan to adapt the systems to meet the identified requirements.

The emphasis of this report is on the need for long-duration observations and their societal and
scientific applications. The focus will therefore be on operational systems providing continuity and
reliability, and on establishing priorities of requirements, in order to establish a technically and
programmatically feasible long-term solution. It should also be noted that this report deals with the
global observation system. The schedule for implementation is divided into short and long term
actions. One thing is evident; with the lead times for deploying satellites and for developing ground
stations and routine aircraft programmes, planning for funding and implementation of both stages has
to begin immediately if the aims of the report are to be fulfilled.

The report draws heavily upon the “WMO/CEOS report on a strategy for integrating satellite and
ground-based observations of ozone”. It has collected world-wide expertise and generated quantitative
observation requirements and summaries of various observational systems.

It is the panel's sincere wish that the strategy proposed in this report commends itself to organizations,
funding agencies and researchers around the world who would be involved in implementing an
Integrated Global Atmospheric Chemistry Observation system. It is our hope that it will bring us one
step closer both to observing the atmaosphere and, with the knowledge gained, to alleviating the current
chronic problems in the atmosphere caused by human activity.
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2. Executive Summary

The objective of this report is to define a feasible strategy for deploying an Integrated Global
Atmospheric Chemistry Observation System (IGACO), by combining ground-based, aircraft
and satellite observations with suitable data archives and global models. The purpose of the
system is to provide representative, reliable and accurate information about the changing
atmosphere to those responsible for environmental policy development and to weather and
environmental prediction centres.

2.1 Motivation

The atmosphere, like the other components of the Earth System, is affected by the continuous
increase in human population and activity, which have resulted in a variety of remarkable
changes since the industrial revolution of the 19" century. Among these are

e the global decrease in stratospheric ozone and the attendant increased in surface
ultraviolet radiation, emphasised by the "ozone hole" appearing over the Antarctic,

e the occurrence of summer smog over most citiesin the world, particularly in developing
countries, and the increased ozone background in the northern troposphere,

e the continuing increase in greenhouse gases and aerosols in the atmosphere,

e acid rain and the eutrophication of surface waters and other natural ecosystems by
nitrate deposited from the atmosphere;

e enhanced aerosol and photo-oxidant levels due to biomass burning and other
agricultural activity, and

e theincrease in fine particlesin regions of industrial development and population growth
with an attendant reduction in visibility and an increase in human health effects; the
effect appears as Arctic Haze in regions far from industrial activity.

Many of these changes in atmospheric composition have socio-economic consequences
through adverse effects on human and ecosystem health, on water supply and quality and on
crop growth. A variety of abatement measures have been introduced or considered to reduce
the effects. However, continued growth in human activities to expand economies and to
aleviate poverty, will ensure that these effects continue to be important for the foreseeable
future.

2.2 Theneed for IGACO

Over the last half century, a variety of national networks have been installed to monitor
atmospheric trace gases of local concern and, as the trans-boundary nature of air pollution was
recognised, there has been some limited coordination of network development in North
America, Europe and globally. Most of the activities concern ground-based stations, including
balloon sondes and, lately, remote sensing. The first regular aircraft measurements were
started in the 1990s by deploying unattended instrument packages on commercial airliners.

Initialy, satellites added a new dimension by providing a global picture of the total column
ozone. Now, it has become possible to measure from space vertical profilesin the stratosphere
and total column amounts together with, in some key cases, tropospheric amounts and profiles
of anumber of important chemical constiutents. At the same time, global weather and climate
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models that incorporate chemical cycles are emerging, which are capable of assmilating a
variety of observationsinto aglobal picture.

At present, these activities are largely separate and driven by specific scientific or legal
objectives. Unfortunately, because of the lack of overall coordination and inherent
shortcomings in the individual systems, none of the present monitoring activities achieves the
completeness, representativeness and resolution required for obtaining a global view. There
are thus large gaps in our picture of the atmosphere and in our understanding of the various
influences that drive atmospheric variability and long-term changes.

To obtan a reliable globa picture of the changing atmosphere, a coupled
observational/modelling system is required, which is built partly on aready available
components, but is designed to obtain and fully integrate the best data that the diverse
observation systems provide. The implementation of IGACO will require substantia
investment to fill gaps in the existing satellite and other systems, whose current generation
will cease operation just at the time when IGACO should go into operation. Clearly, if we
want to avoid severe uncertainties in our diagnostic and prognostic capabilities, decisive steps
towards the assembly of IGACO must be taken without delay.

2.3 Thechemical speciesand ancillary parametersrequired for IGACO

Taking account of some redlistic financia and logistic constraints, the chemica species and
parameters to be included in IGACO were selected using the following three criteria:

0 the constituent plays a key role in one or more of the major atmospheric chemistry
issues, i.e., climate change, stratospheric ozone depletion, air quality, or oxidizing
capacity of the atmosphere

0 itisnow possible, or will be likely within the next 10 years, to measure the constituent
or parameter globally by both satellite and non-satellite systems,

0 theconstituent has the potential to be assimilated in global atmospheric models.
The selected chemical constituents and parameters are:
Group 1 components; to be implemented within the short term, i.e. before 2013:

ozone (Os) water vapour (H,0) carbon dioxide (CO,)
carbon monoxide (CO) nitrogen dioxide (NO,) bromine oxide (BrO)
CFC-12 (CF.Cly) HCFC-22 (CHCIR)

and the following aerosol optical properties:
optical depth (VIS+IR) + extinction coefficient (VIS) + absorption optical depth (VIS
For these components, there needs to be a reasonably comprehensive set of global
observations for both the troposphere and the stratosphere using a sparse number of satellites
with Low Earth Orbit (LEOs), ground-based stations and aircraft platforms. Atmospheric
modelling capabilities are required to begin to assimilate them into a global picture.

Necessary measures include the development of the next generation of satellites, the
reinforcement of routine aircraft and ground-based observations, and the systematic
development and implementation of data assimilation techniques. Existing networks require
maintenance, gap-filling and coordination.

Group 2 components; to be implemented in the long term, i.e. beyond 2013:

methane (CH,) formaldehyde (HCHO) ethane (C,Hg)
sulfur dioxide (SO,) nitric acid (HNO3) chlorine nitrate (CIONO5)
nitrogen monoxide (NO) chlorine monoxide (CIO) chlorine dioxide (OCIO)
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hydrogen chloride (HCI) methyl bromide (CHsBr) halons (e.g. CF3Br)
and J(NO,) and J(O,) (UV radiation at specific wavelengths in the troposphere).

For this group, all the current satellites are in the experimental "demonstration” mode and
only have limited lifetimes. There are some ground based in-situ or total column networks,
mainly in the devel oped countries. However, the global network is sparse.

Ancillary parameters

The following additional parameters are required for atmospheric chemical modelling and
retrieval of remote sensing data:

temperature (T), pressure (p), fire frequency,
cloud top height, cloud coverage, albedo
solar radiation, lightning flash frequency. wind (u, v, w)

The report details the targets and thresholds for precision, accuracy, temporal and spatial
resolution that must be met for each of the chemical species and parameters to be meaningful
within IGACO.

2.4 Essential Componentsof IGACO
For maximum functionality the system should include the following four components.

e Networks of ground-based instrumentation, including balloon sondes, millimetre
wave radiometers, lidars, UV-Visible spectrometers and FTIR , to measure static
concentrations and vertical profiles of the principal chemical species, aerosols and
ancillary parameters on a regular basis; effectively this means that the current network
needs to be maintained and expanded to fill critical gapsin coverage.

e Regular aircraft-based measurements for chemical and aerosol measurements in the
troposphere and particularly in the Upper Troposphere/Lower Stratosphere (UT/LS),
which is sensitive to chemical and climate changes. The current fleet needs to be
expanded with respect to instrumentation and global coverage and to include regional
aircraft that monitor the lower to middle troposphere. Routine measurements in the
lower to middle troposphere using non-commercia light aircraft could be a useful part
of the system.

e Satellite-based instrumentation, preferably mounted on a combination of
geostationary (GEO) and Low Earth Orbit (LEO) satellites; 4 GEO and 2 LEO satellites
would be the minimum for IGACQO,; if only LEO satellites are an option, many more
would be needed to provide measurements with the temporal and spatial resolution
needed for sufficient coverage and data assimilation using atmospheric models. Strong
consideration should also be given to measurements in the dark atmosphere.

e A comprehensive modelling system capable of assimilating the data for the chemical
species, aerosols and ancillary parameters obtained from the three measurement
components into a comprehensive global picture; assimilation techniques for chemical
species other than ozone are till in the demonstration phase and need to be developed
into operational procedures, which will require to develop physical parameterisations.

Further essential parts of IGACO are end-to-end quality assurance and quality control and
data collection, integration and analysis.

2.5 Theimplementation of IGACO
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Two steps are required to implement IGACO in good time and avoid gaps in data coverage.
| GACO Phase-1: short term (0-10 year, i.e. before 2013)

Specific actions should include:

a.  Establishment of an IGACO system for all Group 1 components.

b. Development of data harmonisation and Quality Assurance / Quality Control for all
aspects of theinitial system.

Upgrade of selected ground-based stations and routine aircraft platforms.

Development of automated algorithms necessary for satellite measurements in the
troposphere for as many parameters as possible.

e. Development of modelling and assimilation tools, parameterisations and strategies to
produce areliable overall picture from the various measurement components.

f. Planning and initiation of a sustainable long term network for IGACO Phase-2, with
emphasis on a coordinated satellite system of LEO and GEO instruments complemented
by non-satellite observational networks.

| GACO Phase-2: long term (>10 year, ie. beyond 2013)

As shown by the timelines in Section 5, there is a looming gap in the provision of satellite-
based instruments for atmospheric chemistry observations since, by then, the present
"demonstration mode" satellites have finished their missions. For IGACO, new operational
satellites as well as an enhanced non-satellite measurement network will be required.

Specific long-term requirements are to:

a.  provide an operational network with 4 GEO and 2 LEO satellites; immediate action is
required from the involved agencies to avoid atime gap in global surveillance.

b.  provide satellite instruments for measurements of all Group 1 and 2 components.

C.  upgrade ground-based stations to measure Group 1 and 2 components, and to install
new stations in locations to which the assimilation models are particularly sensitive.

d.  secure routine aircraft measurements, to implement instrumentation for Group 1 and 2
components, and to add routes to improve global coverage.

e.  further develop models and assimilation technigques to provide a reliable picture of the
atmospheric variability and long-term changes.

2.6 Summary of IGACO Recommendations
Asdetailed in Section 6, the principal recommendations of IGACO are:

GR1 Establishment: An Integrated Global Atmospheric Chemistry Observation System
(IGACO) should be established for a target list of atmospheric chemistry variables and
ancillary meteorological data.

GR2 Continuity: The data products from satellite and non-satellite instruments that are to be
integrated into aglobal picture by IGACO must have assured long term continuity

GR3 Management of IGACO. The responsibility for the co-ordination and implementation of
the IGACO should rest with a single international body. International and national
agencies responsible for aspects of IGACO should be committed partners and agree on
their appropriate responsibilities.
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GR4

GR5

GRG6

GR7

GR8

GR9

Gaps in observational coverage: for each target species and variable, the present gapsin
the current spatial and temporal coverage need to be filled by extending the existing
measurement systems.

Long term ground validation of satellite observations. in order to ensure consistency
over time and the accuracy of a satellite measurement, sustained quality assurance
measures, over the entire lifetime of a series of satellite observations, is essential.

Validation of vertical profile data from satellite observations: A set of high performance
scientific instruments using ground, aircraft and balloon platforms, possibly operated on
campaign basis, must be maintained to provide the crucia validation data.

Comparability: The ability to merge observations of different types must be ensured by
insisting that appropriate routine calibration and comparison activities linking diverse
measurements together are part of an individual instrument measurement.

Distribution of data: universally recognised distribution protocols for exchange of data
on atmospheric chemical constituents need to be established.

Establish multi-stake holder World Integrated Data Archive Centres for the targeted
chemical variables.

GR10 The development of comprehensive chemical modules in weather and climate models

with appropriate data assimilation should be an integral part of the IGACO system.

GR11 Strong coordination with meteorological services is essential for the ancillary

meteorological data, required by IGACO, to be accessible.

GR12 The scientific requirements indicated in section 3 of this report should be adopted and

funded as soon as possible.



IGOS/ IGACO Theme Report, draft 8- WMO/GAW 10

7.3. Authors & Reviewers Authors

Dr. Leonard A. Barrie
World Meteorological Organization
Geneva 2, Switzerland

Prof. Hennie Kelder
Atmospheric Composition Research

email: Lbarrie@wmo.int Division
KNMI, De Bilt
Dr. Peter Borrell The Netherlands

P& PMB Consultants
Newcastle-under-Lyme, U.K.
e-mail: p.borrell@luna.co.uk

e-mail: kelder@knmi.nl

Dr. Joerg Langen
ESA, ESTEC, Noordwijk
The Netherlands
email: Joerg.Langen@esa.int

Dr. Olivier Boucher
Laboratoire d'Optigque Atmosphérique
CNRS/ Université de Lille, France
e-mail: boucher@loa.univ-lillel.fr Dr. Volker Mohnen
WMO-QA/SAC/

Prof. John Burrows University at Albany
IUP, University of Bremen USA
Germany email : vam@atmaos.albany.edu
e-mail: burrows@iup.physik.uni-bremen.de

Prof. T. Ogawa

Prof. Claude Camy-Peyret Earth Observation Research Center (EORC)

Université Piere et Marie Curie
Paris, France
email: camy@ccr.jussieu.fr

Dr. Jack Fishman
NASA Langley Research Center
Hampton, Viginia, USA
e-mail: jack.fishman@nasa.gov

Dr. Albert.Goede
KNMI, De Bilt
The Netherlands
e-mail albert.goede@knmi.nl

Prof. Claire Granier
Service d'Aeronomie, Universite Paris 6
Paris, France
e-mail: clg@aero.jussieu.fr

Dr. Ernie Hilsenrath
NASA - Goddard Space Flight Center
Greenbelt, Maryland, USA
email: ernest.hilsenrath@nasa.gov

Dr. Donad Hinsman
World Meteorological Organization
Geneva 2, Switzerland
email: Dhinsman@wmo.int

National Space Development Agency
(NASDA)

Tokyo, Japan
t-ogawa@eorc.nasda.go.jp

Prof. Thomas Peter

ETH Zurich
Switzerland
thomas.peter @ethz.ch

Prof. Paul C.Simon

Institut d'’Aéronomie Spatiale de Belgique
Brussels, Belgium
email: Paul.Simon@oma.be

Dr. Pai-Ye Whung

NOAA Headquarters
Washington DC

USA

email: Pai-Y ei.Whung@noaa.gov

Dr. Andreas VVolz-Thomas

Research Centre Julich (ICG-I1)
Jilich , Germany
email: A.Volz-Thomas@fz-juelich.de


mailto:boucher@loa.univ-lille1.fr
mailto:burrows@iup.physik.uni-bremen.de
mailto:albert.goede@knmi.nl
mailto:clg@aero.jussieu.fr
mailto:ernest.hilsenrath@nasa.gov
mailto:kelder@knmi.nl
mailto:Joerg.Langen@esa.int
mailto:vam@atmos.albany.edu
mailto:t-ogawa@eorc.nasda.go.jp
mailto:thomas.peter@ethz.ch
mailto:Paul.Simon@oma.be
mailto:Pai-Yei.Whung@noaa.gov

IGOS/ IGACO Theme Report, draft 8- WMO/GAW 11

Reviewers

Prof. Ulrich Platt
University of Heidelberg
Germany
e-mail: ulrich.platt@iup.uni-heidelberg.de

Prof. Hajime Akimoto
Research Center for Advanced Sci. & Techn., Tokyo, Japan
e-mail; akimoto@atmchem.rcast.u-tokyo.ac.jp

Prof. Guy Brasseur, Chair IGBP
Max Plank Inst. For Meteorol ogy
Hamburg, Germany
email: brasseur@dkrz.de

Prof. M-L. Chanin, SPARC
CNRS, Verrieresle Buisson
France
e-mail: chanin@aerov.jussieu.fr

Prof. Paul J. Crutzen
Max Planck Institute for Atmospheric Chemistry
Mainz, Germany
e-mail: air@mpch-mainz.mpg.de

Dr. Neil Harris
European Ozone Research Coordinating Unit
Cambridge UK
Neil.Harris@ozone-sec.ch.cam.ac.uk

Prof. Daniel Jacob
Harvard University
USA
email: djj@io.harvard.edu

Prof. Mario J. Molina
MIT,Cambridge, Mass, USA
e-mail: mmolina@mit.edu

Dr. S. Oltmans
NOAA Climate Monitoring
and Diagnostics Laboratory
Boulder CO 80305, USA
Email: soltmans@cmdl.noaa.gov

Dr. Anne M. Thompson, Pres. CACGP
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771 USA
e-mail: Anne.M.Thompson@nasa.gov


mailto:akimoto@atmchem.rcast.u-tokyo.ac.jp
mailto:brasseur@dkrz.de
mailto:chanin@aerov.jussieu.fr
mailto:air@mpch-mainz.mpg.de
mailto:mmolina@mit.edu
mailto:Anne.M.Thompson@nasa.gov

IGOS IGACO Theme Report, draft 8-

WMO/GAW

12



