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AGENDA ITEM 4.2 – INTEGRATED GLOBAL ATMOSPHERIC CHEMISTRY OBSERVATIONS
CAS-XIV/Rep. 4.2
THE DEVELOPMENT OF AN IMPLEMENTATION PLAN
FOR INTEGRATED GLOBAL ATMOSPHERIC CHEMISTRY OBSERVATIONS
(IGACO)
The IGACO Strategy: What Is It?
1.
On 27 May 2004, the IGOS-partners approved the Atmospheric Chemistry Theme Report
assessing the past, present and future current state of global air composition observations, the
requirements and priorities in the next 15 years for an Integrated Global Atmospheric Chemistry
Observations (IGACO) system. The objectives of IGACO as stated in the IGOS brochure 2005 are
to:
(a)
(b)
(c)

Ensure long-term continuity and spatial comprehensiveness of atmospheric
composition observations;
Optimally integrate surface -based (in situ, balloon and remote sensing), aircraft and
space-borne measurements using “smart interpolation” models with data
assimilation;
Make the integrated data easily accessible to a wide range of users.

2.
The IGACO report prepared by an expert international group convened by the World
Meteorological Organization (WMO) and the European Space Agency (ESA) was reviewed
independently by eminent scientists including two Nobel Prize winners. IGACO is a highly focused
strategy for bringing together ground-based, aircraft and satellite observations of 13 chemical
species in the atmosphere using atmospheric models such as forecast models that assimilate not
only meteorological observations but also chemical constituents. Socio -economic issues related to
climate change, ozone depletion/UV increase, air quality and long-range transport/deposition of
pollution benefit by having such a system in place. IGACO addresses 8 of the societal benefit
areas of the GEOSS.
3.
The IGACO report critically assesses the requirements on accuracy/precision and
spatial/temporal resolution, and the current state of modelling chemical cycles in forecast and
climate models. In Chapter 5, it presents the schematic of the components of an integrated
observing system (centre of Figure 1) and it makes 12 General Recommendations and 13 Specific
Recommendations to be addressed in a phased approach over the next 15 years led by the WMO
Global Atmosphere Watch (GAW) progra mme in cooperation with the WMO Space Programme
and other key WMO Programmes, the space agencies and the global air chemistry/
meteorology/climate research community.
4.
The WMO constituent bodies such as Congress, the Executive Council, presidents of
Technical Commissions, CAS and CAS WG on EPAC as well as IGOS and GCOS have been
informed and consulted every step of the way in the development of the IGACO strategy (see
Table 1). They will continue to play a key role in the development of an implementation plan for
IGACO.
The Place of IGACO In GAW
5.

The GAW mission as defined in the GAW Strategic Plan for 2001-2007 is threefold:
(a)

Systematic monitoring of atmospheric chemical composition and related physical
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(b)
(c)

parameters on a global to regional scale;
Analysis and assessment in support of environmental conventions and future policy
development;
Development of a predictive capability for future atmospheric states.

6.
The relevance and rationale for atmospheric chemistry observations conducted in GAW are
clearly laid out in Chapters 1-3 of the IGACO report. Gaps in global observing systems are
addressed in Chapter 4. The framework for IGACO and recommendations that, when
implemented, enhance the delivery of products and services are in Chapter 5. The role of IGACO
in this regard is best illustrated in the GAW monitoring schematic of Figure 1. GAW monitoring
maintains global observational networks that deliver observations. These observations need to be
creatively used to address outstanding questions. Research activities of an integrative nature that
promote a better analysis/synthesis product will arise from implementation of IGACO.
IGACO Implementation
7.
Figure 2 summarizes the proposed organizational structure for the implementation that is
currently under development bringing specific bottom-up activities supported at the national,
regional and international level together with top-down support at the highest level. Already major
European, North American and Asian and southern hemispheric initiatives are being informed of
IGACO and mutually beneficial activities explored.
8.
Since IGACO basically addresses gaps in delivery and integration of atmospheric
composition observations, WMO is the obvious organization to host the implementation effort.
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Figure 1: Schematic of GAW monitoring components showing that IGACO plays an important role in
delivery of GAW products and services.

Likewise, since the GAW programme is a unique, well-organized and rapidly maturing international
system of surface-based routine air chemistry observations and the WMO Space Programme is
evolving into a central coordinator of research and operational satellites, the development of
IGACO has a natural home in a structure that recognizes the strengths of both. ESA has agreed
to continue its lead role in IGACO through co -chairing the IGACO Implementation Team.
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9.
The implementation involves initially four thematic foci as well as cross cutting issues.
Each focus will have an implementation plan developed by an ad-hoc International Scientific
Advisory Panel (ISAP) working in consultation with a broad community of those needing better
analysis/synthesis tools. Each ISAP will be supported by a secretariat at a WMO Member
institution with a strong record of research and application in the focus area. The ISAP will be co sponsored by WMO through GAW and major partners that bridge GAW to the research community
and community of users of products and services. The appropriate GAW SAG will be represented
on the ISAP and will be consulted on the membership of each ISAP. The ISAP will work with the
relevant secretariat and use a community consultative workshop to finalize its contribution to the
IGACO implementation plan. Foci on IGACO - ozone, aerosols, greenhouse gases and air
quality/Long Range Transport of Air Pollution will be emphasized first. On 12 October 2005 the
Finnish Meteorological Institute signed an agreement with WMO to host the IGACO-ozone
secretariat.
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Figure 2: Schematic of the proposed structure of IGACO

4

PROGRESS/ACTIVITY REPORTS

Table 1 Milestones In The Approval and Development of IGACO Theme Report/Strategy by IGOS, WMO
and ESA

June 2001

June 2001

Feb 2002

Jan 2003

March 2003

June 2003

May 2004

June 2004

Sept 2004

28- 29 January
2005

IGOS- P approves a proposal by WMO and CEOS for a new IGOS Theme on Atmospheric Chemistry:
Integrated Global Atmospheric Chemistry Observations (IGACO). It is the fourth approved Theme after
Ocean, Carbon Cycle and Water Cycle. It was recommended that WMO/GAW take the lead in developing
the Theme Report (i.e. Strategy).
EC 53 (WMO- No. 929, 5.1.4, p. 26) welcomed the decision on IGACO by the IGOS partners in June 2001.
CAS 13 (WMO- No. 941, 4.1.5) welcomed WMO participation in the multi- agency IGOS. “The further
participation of GAW in, and contributions to, IGOS was recommended, in particular with regard to the
developing of the IGOS Theme Report on IGACO. “
After two WMO/GAW organized planning meetings in 2001 and 2002 chaired by G. Brasseur, WMO and
ESA initiate in Geneva the IGACO panel of experts co-convened by L. Barrie (WMO/GAW) and J. Langen
( ESA) to prepare the IGACO Theme Report.
CAS Working Group on Environmental Pollution and Atmospheric Chemistry (WMO/TD- No. 1181 & GAW
Rep 151 section 9.4) notes in its report: “ Integrated Global Atmospheric Chemistry Observations (IGACO):
Coordinating ground- and space -based observations has been one of the prominent themes within GAW
as documented by GAW Report No. 140. Accepted as a project under the Integrated Global Observing
Strategy (IGOS), IGACO has the goal to coordinate and enhance cooperation between GAW and satellite
communities concerned with atmospheric chemistry measurements. An IGACO steering committee cochaired by GAW/WMO and the European Space Agency is now active, and a final Theme Report plan is
being prepared. The Working Group recognized that IGACO could be a mechanism to enhance support for
ground -based measurements by the space community.”
Congress 14 (WMO –No. 960, 3.3.0.7, & 3.3.2.3) “welcomed the initiative of CAS and its Working Group on
Environmental Pollution and Atmospheric Chemistry to assist GAW in developing partnerships with space
agencies to develop a plan for an Integrated Global Atmospheric Chemistry Observations (IGACO) activity
under IGOS that would eventually lead to amore comprehensive description of global atmospheric
composition.”
And also
“recognized the lead role that GAW was playing in developing strategies for integrated non-satellite and
satellite measurement systems for atmospheric composition in the context of the multi- agency IGOS
partnership. It also encouraged CAS to assist GAW in developing partnerships with space agencies for that
important activity. Integrated data systems and the resulting chemical data sets were essential for the
development and evaluation of atmospheric transport and climate models and for realizing the full potential
of satellite observations in global trends detection.”
The 11th Meeting of IGOS in Rome (section 6.2) approves the IGACO theme report: “the co-Chairs noted
that there was general agreement for the IGACO Theme Report to be endorsed by IGOS Partners and for
the Theme to progress to the implementation phase.”
EC 56 (WMO–No. 977, 5.1.3) noted that the IGOS Partnership approved in May 2004 the strategy for the
implementation of an Integrated Global Atmospheric Chemistry Observation (IGACO) system developed
under the leadership of WMO/GAW. It encouraged CAS to support further the WMO leading efforts in the
implementation of the IGACO system and recommended to focus initially on ozone and aerosols.” And
“agreed with CAS that the IGACO system should be implemented by GAW in close collaboration with the
WMO Space Programme and other relevant programmes and invited the technical commissions to
contribute as necessary. “
The IGACO report is published and distributed by IGOS, ESA and WMO (TD.1235, GAW rep 159) on the
occasion of the GEO Summit in Japan. Downloadable from website:
http://www.wmo.ch/web/arep/gaw/gaw_home.html

Meeting of Presidents of Technical Commissions Geneva
“13.4.1 D/AREP presented CAS views on the implementation of IGACO and the IGACO strategy (GAW
Rep. No. 159).
13.4.2 The president of CAS highly recommended the IGACO strategy. The meeting noted that CAS, in
cooperation with CBS and the Space Programme, developed the IGACO strategy and proposed an
organizational structure to bring specific bottom-up activities supported at the national, regional and
international levels together. It was noted that as atmospheric chemistry is added to forecast models and
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elements of meteorology are merging, it would have a bearing on how the WMO should be structured in the
future. The meeting recommended that CAS invite relevant experts from other Commissions as IGACO is
implemented.”

CAS Advisory Group Meeting of Working Group Chairs WMO Geneva 31 January–1 February
Document presented by L. Barrie: “Steps toward implementation of Integrated Global Atmospheric
Chemistry Observations (IGACO)”

31 Jan- 1 Feb
2005

17- 18 March
2005

“4.7.2 The AWG complimented Dr. Barrie on his presentation, agreed that the IGACO proposal was
timely and acknowledged the support of AREP in implementing IGACO.
The mechanisms outlined for organizing WMO components in implementing IGACO seemed to be
eminently suitable to the AWG. However, some members expected that a few NWP Centres would be
carrying out routine operational assimilation of observations of atmospheric composition and forecasts of
the chemical composition of the atmosphere by the end of the decade and that delivery of real-time data
should be fast-tracked.
A document was submitted by the Secretariat entitled “The Global Atmosphere Watch (GAW) Programme
and the Implementation of Integrated Global Atmospheric Chemistry Observations (IGACO)”. The purpose
of the document was “To seek the advice and support of CAS WG-EPAC in the development and
implementation of GAW within the framework of the Integrated Global Atmospheric Chemistry Observations
(IGACO). AREP/ENV is the WMO lead in implemen ting IGACO”
Conclusion (Draft to be confirmed): The WG recognized that the IGACO framework is an important step in
integration of observations including satellites and to bridging GAW to GEOSS, GCOS and the needs of the
NWP community (e.g. GEMS).

WMO EC 57 Acknowledged IGACO and the role of CAS/AREP in implementing

20- 30 June
2005

“Integrated Global Atmospheric Chemistry Observations
3.3.2.9 Following the recommendation from the last session of the Council, CAS proposed a mechanism
and a structure for the implementation of IGACO, a framework through which atmospheric composition
observations from various sources can be integrated using research and operational NWP models.
Implementation involves utilizing the over - arching plan of IGACO to build the system through key
collaborative initiatives supported regionally but having global implications. The Council agreed that IGACO
was eminently suitable to be led by WMO and endorsed the organization of WMO components in
implementing IGACO with a central role taken by GAW and the WMO Space Programme with substantial
support from the WWW, WWRP, GCOS and GEOSS. The Council requested CAS to develop by the next
Congress an implementation plan based on the strategic plan in the IGACO report; a plan consistent with
the evolving GCOS, GEOSS and IGOS-P. It further requested CAS to establish an IGACO implementation
team co-chaired by the WMO and ESA, and requested CBS, CCl and other Commissions to provide
support as necessary. Finally, the Council requested the Sec retary-General to create a dedicated IGACO
coordination office with support from extra budgetary sources or through secondment.”
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AGENDA ITEM 4.3 – GLOBAL CLIMATE OBSERVING SYSTEM
CAS-XIV/Rep. 4.3
PROGRESS/ACTIVITY REPORT
BACKGROUND ON GCOS IMPLEMENTATION PLAN IN SUPPORT OF UNFCCC
1.
The Implementation Plan for the Global Observing System for Climate in Support of the
UNFCCC was completed under the leadership of GCOS, with broad input from the climate and
related scientific communities. The Plan addresses the requirements identified in the Second
Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC
and, in particular, the Essential Climate Variables (ECVs) and their associated products defined
therein. It takes into consideration existing global, regional and national plans, programmes and
initiatives, including the plans of the recently established Group on Earth Observations (GEO), and
includes implementation priorities and resource requirements as well as ni dicators for measuring
progress. The full Plan and its Executive Summary are available through the GCOS Web site
(www.wmo.int/web/gcos).
2.
The Implementation Plan calls for some 131 actions needed over the next 5 to 10 years to
address the critical issues related to global observing systems for climate, namely: improving key
satellite and in situ networks for atmospheric, oceanic and terrestrial observations; generating
integrated global climate analysis prod ucts; enhancing the participation of least-developed
countries and small island developing states; improving access to high-quality global data for
essential climate variables; and strengthening national and international infrastructure. A number
of the actions focus on establishing and maintaining reliable, long-term satellite systems, which
adhere to the GCOS Climate Monitoring Principles, and on producing the desired global data
products from the observations that these systems obtain. In the context of atmospheric
composition, and in line with Goal 2 of the Second Adequacy Report (“To monitor the forcing of the
climate system, including both natural and anthropogenic contributions”), a Key Action identified in
the Plan is for Parties to the UNFCCC to: (a) fully establish a baseline network for key greenhouse
gases; (b) improve selected satellite observations of atmospheric constituents; and (c) extend
existing networks to establish a global baseline network for atmospheric optical depth.
3.
The Implementation Plan was presented to the tenth session of the UNFCCC Conference
of the Parties (COP-10) in Buenos Aires, Argentina (6-17 December 2004) through its Subsidiary
Body for Scientific and Technological Advice (SBSTA-21). COP-10 formally endorsed the Plan
through its decision 5/CP.10 1. Noteworthy in particular is Paragraph 2 of that decision which
“Welcomes the emphasis given in the implementation plan to enhancing the participation of
developing countries, in particular the least developed countries and small island developing
states, in the global observing system for climate” and Paragraph 4, which “Encourages Parties to
enhance their work and collaboration on observations of the essential climate variables and on
development of climate products needed to support the Convention”.
4.
Many of the actions in the Implementation Plan involve the WMO Technical Commissions
as ‘Agents for Implementation’, a lot in cooperation with specific WMO Programmes. In particular,
the support of the WMO/GAW programme is crucial to providing the atmospheric composition
ECVs identified in the Plan. In this context, an agreement was developed between GCOS and
GAW recognizing the WMO/GAW Global Atmospheric CO2 and CH4 Monitoring Network as a
major component of the GCOS comprehensive network for these gases. This agreement
1

http://unfccc.int/documentation/decisions/items/3597.php?such=j&volltext=/CP.10, available in Arabic, Chinese,
English, French, Russian and Spanish
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(Appendix C) was approved by the GAW Scientific Advisory Group for Greenhouse Gases in
September 2005 and by the GCOS Steering Committee at its thirteenth session in October 2005
and is being formally presented to CAS by its Working Group on Environmental Pollution and
Atmospheric Chemistry at this session. The THORPEX programme and the IPY initiative also
represent excellent opportunities to assist in implementing the GCOS Plan, and GCOS looks
forward to working closely with them.
5.
The Commission for Atmospheric Sciences and the GAW Programme are and will be key
players in responding to the actions identified in the Implementation Plan. GCOS looks forward to
cooperating closely with them in the implementation process.
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IMPLEMENTATION PLAN FOR THE GLOBAL OBSERVING SYSTEM FOR CLIMATE
IN SUPPORT OF THE UNFCCC
Actions (left column) and ‘Agents for Implementation’ (right column)
for which ‘Agents’ are technical commissions in general
C11
Prepare the data sets and meta-data, including historic data
records, for climate analyses and reanalyses.

Parties with the International Data Centres (e.g.,
WDCs), working together with technical commissions
and the scientific community.

C18
Develop standards and procedures for meta-data and its storage
and exchange.

International technical commissions with scientific
advisory bodies.

C19
Ensure timely, efficient and quality-controlled flow of all ECV
data to International Data Centres.

Parties with coordination by appropriate technical
commissions and international programmes.

C20
Ensure that data policies facilitate the exchange and archiving
of all ECV data.

Parties and international agencies and appropriate
technical commissions and international programmes.

C21
Develop modern distributed data services that can handle the
increasing volumes of data and which can allow feedback to
observing network management.

Parties’ national services committing to International
Data Centre operation and high data volume providers
such as Space Agencies through appropriate technical
commissions and international programmes.

Actions (left column) and ‘Agents for Implementation’ (right column)
for which GAW is an ‘Agent’
A25
Establish a plan for and implement a consistent surface- and
satellite-based global observing system for the atmospheric
composition ECVs, based on common standards and
procedures, and encourage data submission to WDCs.

Parties’ national services, research agencies and Space
Agencies, under the guidance of WMO GAW in
coordination with AOPC.

A26
Develop and implement a comprehensive plan to observe the
vertical profiles of GHGs, ozone and aerosols utilizing
commercial and research aircraft, pilotless aircraft, balloon
systems, kites, ground-based lidars and satellites.

Parties’ national services, research agencies and Space
Agencies, under the guidance of WMO GAW in
coordination with AOPC.

A27
Establish the GCOS/GAW baseline network for CO2 and CH4,
and fill the gaps.

Parties’ national services, research agencies and Space
Agencies under the guidance of WMO GAW and its
Scientific Advisory Group for Greenhouse Gases in
cooperation with the AOPC.

A28
Develop plans for an Integrated Data Analysis Centre (WIDAC) WMO GAW and its WDC-GG in consultation with
for CO2 and CH4.
the AOPC.
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A29
Complete an International Halocarbon Inter-comparison Study,
linking measurement scales for CFCs of major networks as an
initial step in an ongoing quality assurance programme.

Parties’ national research agencies and national
services, through WMO GAW.

A30
Define and implement the Baseline Ozone Observing Network
for balloon vertical profiles and total column ozone and initiate
implementation.

Parties’ national research agencies and national
services through WMO GAW and partners, in
consultation with AOPC.

A31
Develop and implement a coordinated strategy to monitor and
analyze the distribution of aerosols and aerosol properties.

Parties’ national services, research agencies and Space
Agencies, with guidance from AOPC in cooperation
with WMO GAW, WCRP, IGBP.
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AGREEMENT BETWEEN THE GLOBAL CLIMATE OBSERVING SYSTEM AND WMO/GAW
REGARDING THE WMO/GAW GLOBAL ATMOSPHERIC CO2 & CH4 MONITORING NETWORK
AS A COMPREHENSIVE NETWORK OF GCOS
This agreement presents the terms and conditions by which the WMO/GAW Global Atmospheric
CO2 & CH 4 Monitoring Network proposes to satisfy the requirements for being identified as a major
component of the comprehensive network of the Global Climate Observing System (GCOS) for the
Essential Climate Variables (ECVs) CO 2 and CH4.
1.

WMO/GAW-CO2 & CH4, will remain institutionally and organizationally as it currently is
within the domain of the World Meteorological Organization’s Global Atmosphere Watch
(WMO/GAW) programme of the Atmospheric Research and Environment Programme
(AREP) Department under the Commission for Atmospheric Science (CAS). It will be
identified in all GCOS documentation and distributions as a GCOS comprehensive network
with the title “WMO/GAW Global Atmospheric CO2 & CH4 Monitoring Network” or after
definition in the document, in the short form “WMO/GAW-CO2&CH4”.

2.

Both WMO/GAW and GCOS principals will agree to the items set forth in this document.

3.

The WMO/GAW-CO2&CH4 Monitoring Network will adhere to the GCOS Climate Monitoring
Principles as presented and discussed below.

4.

New sites will be accepted into the WMO/GAW-CO2&CH4 Monitoring Network consistent
with Principle #7.

The following summarizes how WMO/GAW-CO 2&CH4 relates to each of the ten basic GCOS
Climate Monitoring Principles, the full set of which were adopted by the World Meteorological
Organization Congress at its fourteenth session through Resolution 9 (Cg-XIV). More discussion is
included in Annex I to the agreement.
Principle 1:
•

Any change in observational methodology or instrumentation at GAW stations must
conform with the standards and quidelines set by the GAW Scientific Advisory Group on
Greenhouse Gases. Typically, it is part of the matureness of the network that any changes
that are made are done so after careful planning.

Principle 2:
•

A suitable period of overlap for new and old observing systems is required.

It is common and accepted practice among WMO/GAW contributors to maintain significant
periods of overlap when upgrading or updating on-site instrumentation. In addition,
WMO/GAW considers it essential for any measurement programme to have built-in
redundancy and that inconsistencies be addressed (WMO/GAW Report #143, Global
Atmosphere Watch Measurements Guide).

Principle 3:

•

The impact of new systems or changes to existing systems should be assessed
prior to implementation.

The details and history of local conditions, instruments, operating procedures, data
processing algorithms and other factors pertinent to interpreting data (i.e.,
metadata) should be documented and treated with the same care as the data
themselves.

This is already an integral part of the data reporting and data archival procedures within
WMO/GAW. Metadata and ancillary data such as wind speed and direction, temperature,
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humidity, and precipitation are routinely recorded with measurements at WMO/GAW sites
and, in most cases, are delivered to the WDCGG with the gas measurement data.
Principle 4:
•

WMO/GAW contributors are required to assess and evaluate the quality of their data before
submittal to the World Data Centre for Greenhouse Gases (WDCGG). Submission of data
is required to be accompanied by appropriate metadata describing quality and links to the
WMO/GAW World Reference Standard. WMO/GAW recognizes that there is no universal
scheme to ensure high -quality data; each programme should develop a scheme, with
guidance from other successful programmes, suitable to its own needs.

Principle 5:

•

Operation of historically uninterrupted stations and observing systems should be
maintained.

Because WMO/GAW is fundamentally a long -term monitoring network, all sites are
anticipated to be long-term measurement sites. The oldest of these systems are clearly the
most valuable and, fortunately, often the most stable in terms of resourcing. Efforts are
made to keep all sites running, but especially those that have high quality, long-term
records.

Principle 7:

•

Consideration of the needs for environmental and climate -monitoring products and
assessments, such as IPCC assessments, should be integrated into national,
regional and global observing priorities.

WMO/GAW’s purpose is to support the UNFCCC, which is focused on climate issues.
Dedication to long -term measurement is a fundamental principle in the WMO/GAW
framework. Research experts are consulted biennially, working together to maintain the
relevance and high quality of this network. WMO/GAW contributors prepare the
publications oft-cited in the IPCC and in national assessments and are major contributors to
the assessments themselves.

Principle 6:
•

The quality and homogeneity of data should be regularly assessed as a part of
routine operations.

High priority for additional observations should be focused on data-poor regions,
poorly observed parameters, regions sensitive to change, and key measurements
with inadequate temporal resolution.

The WMO/GAW comprehensive system provides extensive global coverage for answering
key questions about global trends and variations in hemispheric gradients. There are some
identified gaps where sites are being sought to help improve the understanding of spatial
and temporal variations. Surface sites have been added by including routine shipboard
collections into the data set, for example, and some terrestrial sites are being sought in
poorly represente d regions. However, new scientific questions bring about new gaps and
the most recent of these questions have to do with understanding the sources and sinks of
the major greenhouse gases. This understanding requires knowing vertical gradients and
WMO/GAW is encouraging the inclusion of carefully sited vertical profiles into the network.
The WMO/IAEA global carbon gas measurements experts groups that meet biennially in
conjunction with the GAW SAG for greenhouse gases is a primary source of expertise to
address suggested changes in the network.

Principle 8:

Long-term requirements, including appropriate sampling frequencies, should be
specified to network designers, operators and instrument engineers at the outset of
system design and implementation.

12
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•

This procedure is routine within WMO/GAW and forms a cornerstone of the network.
Requirements and recommended procedures are documented in a long-standing series of
WMO/GAW publications. Operators are provided these materials and the consultation and,
sometimes, assistance necessary to ensure their implementation.

Principle 9:

The conversion of research observing systems to long -term operations in a carefully
planned manner should be promoted.

•

There is no distinction between research and long-term observations in the WMO/GAW
programme. The WMO/GAW community favours routine observations to be conducted
within the framework of a group that is also conducting research and is able to adapt to
changes in long-term measurement strategy dictated by the IPCC scientific assessment.
WMO/GAW will continue to ensure that newly developed observational systems will be
suitable for long-term, remote deployment before being a required measurement of the
programme. This should satisfy the letter and intent of this monitoring principle.

•

GCOS confirms that this principle is primarily intended to encourage establishment of
strong, continuing institutional support for all aspect of the ongoing network activities.

Principle 10: Data management systems that facilitate access, use and interpretation of data and
products should be included as essential elements of climate monitoring systems.
•

With support from WMO/GAW contributors and partners, the WDCGG creates products,
provides services, and makes data available freely to any inte rested party. Data evaluation
services are also provided by WMO/GAW partners, which enhances not only the availability
of data, but also the development of approaches for visualizing, evaluating, and analyzing
WMO/GAW data.
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AGENDA ITEM 4.6 – WMO INFORM ATION SYSTEM
CAS-XIV/Rep. 4.6
Information Summary
Background
Towards the end of the 1990’s it became apparent that the various WMO Programmes either had
or were in the process of developing their own information systems independently of each other.
Since the multiplicity of systems resulted in incompatibilities, inefficiencies, duplication of effort and
higher overall costs for Members, the continued development of the systems in this uncoordinated
manner would have exacerbated these problems and would have further isolated the WMO
Programmes from each other and from the wider environmental community. Therefore, the
Commission for Basic Systems (CBS) developed the concept of an overarching, integrated WMO
Information System (WIS) that would meet the requirements for discovery, access, retrieval and
automated dissemination/exchange of information of all WMO Programmes, and provide the
possibility for relevant national non-NMHS users, international organizations and WMO programme
centres to participate in WIS.
In 2003, the Fourteenth World Meteorological Congress confirmed that such an overarching
approach was required. The fifty-sixth session of the WMO Executive Council (EC-LVI, 2004) set
up a high-level coordination and collaboration mechanism spanning across the technical
commissions to ensure the orderly evolution of WIS through the active participation and
contribution of the WMO technical commissions.
In the aftermath of the December 2004 Tsunami catastrophe, the importance of WIS was
underpinned because WMO’s GTS of today, and consequently WMO’s WIS of tomorrow, are the
only 24/7 operational backbone networks for the exchange of information in support of multihazard, multi-purpose natural disaster early warning systems. EC-LVII (2005) realized the
important role WIS played in contributing the essential data exchange and data management
services to the GEOSS and in facilitating the effective role of all NMHS in disaster mitigation and
prevention activities and warning systems. EC-LVII requested to expedite the development of key
components of WIS with a view to beginning implementation, at least in some countries, in 2006
instead of 2008, as originally planned.
WIS concept
Beside the programmes which could benefit from the services offered by WIS for the
implementation of their data exchange tasks, the individual users, either a person or an institution,
would be the main beneficiary of WIS, because WIS would provide a single entry point for any data
request, be it on a routine basis by dissemination of certain user defined information sets or on an
ad-hoc basis for a special data set. The current diversification of access points and methods
would be replaced by a common approach. Furthermore, the portal structure provided by WIS
would make it po ssible for programmes to present their data to their users in a programme specific
query format.
To better describe WIS, a functional view is adopted. Three major components are defined:
National Centres (NC), Data Collection or Product Centres (DCPC) and Global Information System
Centres (GISC), together with a data communication network connecting the components. It
should be noted that the terms are only used for describing the necessary functions, not actual
organizational entities. There may be org anizations like NMHSs, which combine all three functions
within their structure.
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WIS
Information exchange – common procedures; real-time and non-real time
Information management – a few standard data formats; coordinated metadata and catalogues
World Radiation Centre

International Organizations
(IAEA, CTBTO, UNEP, FAO.. )

Regional Instrument
Centres

5 GAW World Data Centres
GCOS Data Centres
Global Run-off Data Centre

IRI and other climate
research institutes

DCPC
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Universities
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Regional Climate Centres
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Commercial
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NMC
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Satellite
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Satellite
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Real-time “push”
On-demand “pull”

Fig. 1: WIS will provide the solution for the information exchange needs of NMHSs, and other national centres
(NCs), such as relevant non-NMHS agencies/users, research facilities, and international programme centres. It
will offer (“push” and “pull”) automated collection and dissemination of time-critical information (e.g.,
meteorological, environmental and hydrological observations, forecasts, and warnings); timely delivery of highvolume data and products (appropriate to requirements); and ad-hoc information discovery/access/retrieval
services.

The GTS has evolved as the core network of the WIS, which is, based on international ICT
standards, fully operational and facilitates real-time, coordinated “push-pull” services and the
information discovery, access and retrieval needs of all WMO and relevant co-sponsored
international programmes, as well as eligible non-NMHSs users at national level; WIS will
enhance the visibility and importance of the NMHS in the country. The NMHS gains timely and
cost-effective access to information, in particular new data and products, which will enhance its
own operations. The NMC will also be able to provide to other national agencies/users (NCs)
dealing in relevant research, disaster mitigation, agriculture, energy and water management, and
so forth, critical data that were, so far, not available to them. The NMC would “push” to them
routine information, e.g., warnings, advisories, selected measurements, etc., and help discover,
select and channel relevant information to the users, either ad hoc, in the “pulling” mode, or in reply
to a non-real-time request.
Being based on industry standards, off-the-shelf hardware and open source software, WIS is a
cost-effective solution for all Members and their NMHSs. This means that the initial investment is
determined by the cost of PCs and the Internet and/or VPN connections, as required. Generic
solutions will be the exception. Whether there might be an additional financial burden on the NMC
will depend on how the national network is organized. This will not be the case if the “other” NCs
are directly connected to the Network Service Provider as their data do not flo w through the NMC
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circuits. There can be an additional administrative burden if a NMC assumes the responsibility of
the national WIS network manager addressing NC access rights, accounts, service availability, etc.
WIS complies with the WMO data policy (Res. 40 (Cg -XII) and Res. 25 (Cg-XIII)), and it is flexibly
designed to follow an evolution of the WMO data policy. In particular, the handling of essential and
additional data and products and related conditions with respect to Res. 40 (Cg-XII) remains
unchanged. Procedures for managing of access rights, control of data retrieval, registration and
identification of users, etc. can be defined as and when required. Anonymous downloading is
technically possible, but depends on whether a NC permits that feature. WIS has no systeminherent features that would violate international legal frameworks, laws, conventions, copyrights,
or patents.
Implementation
The implementation of WIS builds upon the most successful components of existing WMO
information systems, and a smooth and coordinated transition is crucial. The concept of WIS
requires development of the following major functions and the necessary software packages:
•
•
•
•
•
•
•

Metadata catalogues;
Internet portal;
Data acquisition service;
Data discovery service;
Data distribution service: push and pull;
Monitoring;
Operational aspects like data synchronisation, back-up, administrative issues, etc.

To that end, valuable work is being already undertaken by the various pilot projects in the different
Programmes, such as:
•
•
•
•
•
•
•

The JCOMM GISC-E2EDM prototype;
The VPN Pilot Project in RAs II and V;
CliWare in the Russian Federation;
The EUMETNET UNIDART project;
The RA VI - VGISC project;
CAgM WAMIS;
TIGGE activities.

By the end of 2006, it might be possible to achieve, in a few countries, a smooth transition from the
current GTS-based systems to the new WIS structures running in a semi-operational mode. The
following milestones would need to be met by participating Members to realize this ambitious goal:
•
•
•
•
•
•
•
•

Reference implementation WMO Core Profile version of metadata by 1Q06;
Integration of metadata structures into pilot GISCs and DCPCs by 3Q06;
Internet portal in 1Q06;
Basic data acquisition using metadata by 2Q06;
Data discovery service by 3Q06;
Agreement on specification of data access rights by relevant CBS Expert Teams in 2Q06;
Data distribution service: push in 2Q06 - pull in 4Q06;
Exchange of monitoring information in agreed format by 3Q06.

Outlook
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A concerted effort by the WMO Members that crosscuts over all WMO Programmes and integrates
their information exchange needs is required to reach these ambitious goals. In this connection,
the WMO Executive Council stated in 2003:
“The support and involvement of regional associations and technical commissions [is] needed, as
early as possible, in all phases of the WIS development in order to ensure a full and shared
ownership of the project, and its effective implementation.”
Furthermore, industrial involvement and a strong project coordination are crucial. A crosscutting
programme should be set-up in WMO, which should proactively coordinate these tasks and also
act as a channel to the industry. During the Technical Conference to be held in connection with
the CBS-Ext.(06) session in late 2006, the status of the implementation should be reviewed.
Based on conclusions and agreements of CBS, pilot projects should become semi-operational to
gather valuable experience with the WIS concept. The newly created GISCs should at that time
implement the global data exchange envisaged. As a next step, various DCPCs should offer their
data for access and ease the data discovery and retrieval burden for the related Programmes.
Furthermore, at this stage the different Programmes should extend the metadata catalogue held in
the GISCs by bringing in their own special data requirements and use the WIS features to
disseminate their products. In this way, the enhanced functions provided by WIS will be gradually
introduced and expanded from 2006 onwards.
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AGENDA ITEM 4.9 (1) – OTHER EMERGING ISSUES
CAS-XIV/Rep. 4.9 (1)
BACKGROUND INFORMATION
Extract from the Final Report of JCOMM-II
6.3 Status of the in situ observing system, including enhancements since JCOMM-I and
additional enhancements needed to match requirements (agenda item 6.3)
6.3.1
The Commission noted that there was significant international momentum for
implementation of a composite global observing system consisting of: (1) the in situ networks;
(2) continuous satellite missions; (3) data and assimilation subsystems; and (4) system
management and product delivery. After wide consultation with the ocean observing system
community, a five -to-ten year implementation plan for a global ocean observing system for climate
was published in the GCOS Implementation Plan for the Global Observing System for Climate in
support of the UNFCCC (GCOS-92); the plan was endorsed by the UNFCCC; and the ocean
chapter endorsed as the ocean backbone of the Global Earth Observation System of Systems
(GEOSS). A fundamental requirement detailed by GCOS-92 was achievement of global coverage
by the in situ networks. The Commission noted that at the time of JCOMM-I in 2001 the total
global system was 34% complete; by JCOMM-II in 2005 the system was 55% complete.
6.3.2
The Commission recognized that although the backbone system specified by
GCOS-92 was designed to meet climate requirements, marine services in general would be
improved greatly by implementation of the global coverage called for by this design. The
Commission noted that the system would support global weather prediction, global and coastal
ocean prediction, marine hazard warning, marine environmental monitoring, and many other non climate users. It further noted that JCOMM was identified as the implementing agent, or a
contributing implementing agent, for 21 of the specific actions listed in the GCOS-92 ocean
chapter, and that these specific actions provided an excellent roadmap to guide the OPA work.
The Commission recommended, therefore, that the OPA work plan should be based on
impleme nting the ocean and relevant atmospheric actions within GCOS-92 for the next
intersessional period. The GCOS-92 goals incorporate those that the JCOMM OPA and Argo had
been pursuing for the past four years – global coverage by the moored and drifting buoy arrays,
profiling floats, tide gauge stations, and ship-based networks (plus continuous satellite missions).
6.3.3
The Commission also acknowledged that continuity in the observing system was of
central importance for climate applications, accepted the GCOS Climate Monitoring Principles as
best practice, and noted that the work of the DBCP, SOT, and GLOSS GE would be conducted in
accordance with the GCOS Climate Monitoring Principles wherever possible. The Commission
also noted the importance of oceanographic and meteorological observations carried out at coastal
stations. These observations are essential for the analysis and development of prognostic
products for risk assessment and prevention and mitigation of hazards affecting populations and
economies of coastal states. Development of this information is one of the JCOMM objectives for
the OPA during the next intersessional period.
6.3.4
The Commission noted that tide gauge stations and moored buoys for tsunami and
storm surge warnings were a priority for the international global observing system as well.
Opportunities for JCOMM OPA support to the international marine hazard warning system included
real-time reporting from GLOSS tide gauge stations, coordinated deployment of ocean buoys and
floats, and the use of common platforms and logistics infrastructure for multiple observational
purposes. The Commission recommended that implementation of observational components in
support of the international comprehensive marine hazard warning system would also be a main
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requirement driver for the OPA work plan over the next four years (see agenda item 11.5 for
related action).
6.3.5
The Commission recognized that, in addition to linkage with the Argo programme, it
was now clear that JCOMM needed to coord inate with several other global programmes for
efficient and effective observing system implementation. The OPA was developing these links,
and maintaining appropriate coordination would be important over the next four years with the
international Ocean Sustained Interdisciplinary Timeseries Environment Observation System
(OceanSITES) programme, the International Ocean Carbon Coordination Project (IOCCP), and the
international comprehensive marine hazards warning system.
6.3.6
The Commission acknowledged with appreciation the major milestone that had been
achieved by the DBCP in 2005, with the global drifting buoy array reached its design goal of 1250
buoys in sustained service, thus becoming the first component of the Global Ocean Observing
System (GOOS) to be completed. The DBCP deployed Drifter 1250 on 18 September 2005 from
Halifax, and the Commission acknowledged with appreciation the special deployment ceremony
and celebration that had been held just prior to JCOMM-II to commemorate this significant
milestone and offered its particular thanks to NOAA, Service Argos, CMOS and Canada for hosting
this historic event.
System-wide monitoring and performance reporting
6.3.7
The Commission noted that a major challenge for the OPA was to develop easy-tounderstand performance reports that could help in evaluating the effectiveness of the observing
system and help in efforts to convince governments to provide the funding needed to meet global
implementation targets. It further noted that it would not be possible to achieve global coverage of
the Earth’s oceans with existing resources. Governments needed to commit additional resources if
JCOMM was to achieve global coverage. The Commission noted with appreciation that
JCOMMOPS and the OPA were working to de velop standard base maps showing required global
coverage against what was presently in place, to evaluate observing system status and
effectiveness, and to develop summary reports illustrating how advancements toward global
coverage improved the adequacy of the observational information.
6.3.8
The Commission noted that a standard map projection and colour coding had been
accepted by the OPA for reporting system status and progress. The Commission encouraged all
Members/Member States to use these conventions for mapping their JCOMM contributions.
6.3.9
The Commission noted that in addition to platform statistics calculated by JCOMMOPS,
quarterly performance reports were now available for sea surface temperature, sea surface
salinity, temperature profiles, and salinity profiles. The OPA was working to incorporate reports for
other ocean variables that had been specified by GOOS and GCOS, and access to these reports
was via JCOMMOPS at http://www.jcommops.org/network_status.
6.3.10
The Commission noted with interest that a demonstration project was underway to
routinely report observing system monitoring and performance metrics in cooperation with the
GOOS Project Office of IOC. A consolidated Progress Report with Contributions by Countries was
available at www.jcommops.org/network_status, which listed the 64 countries and the European
Union that maintained elements of the composite ocean observing system, and the number of in
situ platforms and expendables contributed by each country. All JCOMM Members/Member States
were invited to routinely review this report and provide corrections as needed to
opa@jcommops.org. It was further noted that the observing system contributions were included in
this report if they provided data to the international community in accordance with WMO and IOC
data policies; elements that did not share data freely and openly were not included in this report.
6.3.11
The Commission noted that a web page was under development that provided a single
entrance portal to link to all web sites being maintained by counties contributing to implementation
of the global ocean observing system. This single entrance portal was intended to illustrate to
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users the “system of systems” that was being implemented by JCOMM and partners. The
Commission noted that this portal to national center Web sites was available through the
JCOMMOPS access point: www.jcommops.org/network_status. It encouraged Members/Member
States to review the Web site and provide corrections as needed to opa@jcommops.org.
Funding to meet implementation targets
6.3.12
The Commission acknowledged that JCOMM must help in efforts to convince
governments to provide the funding needed to meet global implementation targets. It recognized
that global coverage could not be achieved with the resources that were presently being applied. It
recalled that the baseline G COS-92 system was only 55% complete, and that much work remained
to be done and additional resources were needed. The Commission recognized that one way the
OPA could help was to develop easy to understand statistics and reports that the decision makers
would be able to use to justify new funding, and encouraged OPA efforts in this regard to continue.
6.3.13
The Commission noted that the OPA had suggested a special project for helping to
finance expansion of the ocean system. The establishment of a common fund for consumables
would initially be focused on XBTs but other expendables could be added in time. The Commission
noted that the provision of ship time as well as expendables was necessary to build contributions
to the global observing system by developing countries. The need for counties to support the
SOOP XBT programme was a concern of JCOMM-I, and included the concern that countries were
beginning to divert resources from the XBT programme to pay for other new programmes such as
Argo. It recalled Recommendation 2 (JCOMM-I) that strongly recommended Members/Member
States to “increase the resources committed to supplying expendables for ship observations in
support of international implementation plans.”
6.3.14
The Commission adopted Recommendation 6/1 (JCOMM-II) - Consumables for Ship Based Observations, for the establishment and management of a JCOMM Trust Fund to provide a
simple mechanism to help more counties contribute to the international observing system and
complete the global XBT network.
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AGENDA ITEM 4.9 (2) – OTHER EMERGING ISSUES

PARTICIPATION OF WOMEN IN THE WORK OF THE COMMISSION
CAS-XIV/Rep. 4.9 (2)
EXECUTIVE SUMMARY OF THE SECOND WMO CONFERENCE ON WOMEN IN
METEOROLOGY AND HYDROLOGY 1
The Second WMO Conference on Women in Meteorology and Hydrology was held at the
Headquarters of the WMO Secretariat in Geneva from 24 to 27 March 2003. The main objectives
of the Conference were: to review the current situation as regards the participation of women in
meteorology and hydrology; to review progress since the WMO Bangkok Meeting on the
Participation of Women in Meteorology and Hydrology in 1997; to develop benchmarks to measure
future progress; and to develop strategies to increase the participation of women in the activities of
WMO and in the work of National Meteorological and Hydrological Services (NMHSs). The
Conference also considered the gender sensitive aspects of the activities of NMHSs such as the
application of climate information by rural women and the special roles women play in water
management and disaster response.
The Conference reviewed and reaffirmed the recommendations of the 1997 Bangkok meeting and
stressed the need for their implementation and for accountability. To advance that objective, and
to further promote the participation of women in meteorology and hydrology and in WMO activities,
the Conference agreed that the following actions should be taken by women professionals, and in
particular, participants to the Conference:
•
Women professionals to promote and participate in the process of career development
through formal and informal mentoring, guiding and counseling activities;
•
Participants to brief the Permanent Representatives of their countries prior to Congress
on the recommendations and outcomes of the conference ;
Participants to work continuously to promote awareness of results of the conference
•
within their own institutions/organizations/countries;
•
Participants to form regional/sub-regional networks to exchange ideas, experiences
and policies. These networks could also be used to allow participants to share
information with other countries within their region not present at the conference.
The Conference urged NMHSs, Technical Commission and Regional Associations and the
Permanent Representatives to take the following actions:
•
NMHSs to establish and support gender focal points on meteorology and hydrology in
each country;
•
Regional Associations and Technical Commissions to appoint and support gender focal
points from among women with appropriate expertise.;
•
Regional Associations and Technical Commissions to report regularly on progress on
gender issues to Congress/EC;
•
Permanent Representatives to make regular reports on gender issues at Regional
Association meetings;
Permanent Representatives to ensure that information related to career opportunities
•
and development is made available in particular to their female staff;
•
NMHSs to take special actions to retain young female professionals, for example, by
offering exchanges, secondments, and special assignments;

1

The conference proceedings are available in English, French and Spanish from
http://www.wmo.int/web/wmoh/womendocs/FinalReport-ConfMarch2003-EN.pdf
http://www.wmo.int/web/wmoh/womendocs/FinalReport-ConfMarch2003-FR.pdf
http://www.wmo.int/web/wmoh/womendocs/FinalReport-ConfMarch2003-SP.pdf
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NMHSs to consider establishing national associations of women in meteorology and
hydrology with a view towards the eventual formation of an International Association of
Women in Meteorology and Hydrology.
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AGENDA ITEM 4.9 (3) – OTHER EMERGING ISSUES
CAS-XIV/Rep. 4.9 (3)

SOME OF THE EMERGING ISSUES FACING THE CAS COMMUNITY
1.

INTRODUCTION

As one of the research and development arms of the WMO community, CAS must remain
on the forefront of research required to realize the future operational requirements of National
Meteorological and Hydrological Services. Among many issues, three are of immediate concern,
namely:
•
•
•

How to ensure that meteorological service providers supply the information needed by
all users to make informed decisions;
How to ensure that all relevant research is effe ctively utilized by operational services;
How to sustain research infrastructure.

This paper is intended to provoke some thoughts on the ways to address the concerns
expressed above. The outcome of the discussion will help determine the response of the
Commission.
2.

ENSURING THAT METEOROLOGICAL SERVICE PROVIDERS SUPPLY
INFORMATION NEEDED BY ALL USERS TO MAKE INFORMED DECISIONS

THE

Societies everywhere encounter the need to make weather-, water- and climate-related
decisions almost daily. These range from minor issues of personal comfort to major decisions that
affect lives and livelihoods. EC-LVII recognized the importance of communicating effectively with
decision-makers and they made the following key points 1:
•
•
•

•
•
•

•

1

Population growth, reducing po verty, water security, food security, increasing
prosperity, and improving public health, safety and security are key social drivers;
The sustainable development of human societies is threatened by extreme weather
events causing disasters, reduced food security, reduced availability of uncontaminated
freshwater, and the rise and spread of diseases;
Growing urbanization and the expansion of human habitation into previously
unoccupied places, such as arid zones, mountain slopes, flood plains and the sea’s
edge is exposing populations to air and waterborne diseases, heat stress, drought,
landslides, floods, storm surges and tsunamis;
National Meteorological and Hydrological Services (NMHSs) are well positioned to
identify and deal with a wide range of weather, climate and water related issues that
affect human life and socio-economic development;
NMHSs, within the framework of the World Meteorological Organization (WMO), are
working to help governments improve decision -making to enable populations to adapt
to climate change, mitigate natural hazards and sustain development;
NMHSs are also working together to implement the WMO Multi-hazard Prevention
Strategy, which aims to reduce by 50 percent over the decade 2010-2019 the number
of fatalities caused by meteorological-, hydrological- and climate-related natural
disasters compared with the ten-year average fatalities of 1995-2004;
Partnerships between NMHSs and academia, government departments, international
and non -governmental organizations, and where appropriate and possible, the private

Abstracts from EC-LVII (Annex to paragraph 8.2.18 on the Role and Operations of NMHSs)
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sector, help society make better decisions based on more complete and accurate
weather, water and climate information;
These partnerships provide better data coverage and information processing, higher
resolution models, and more precise and useful specialized products for societal
benefits, including opportunities to better support government and other decision
makers regarding safety, economics, and security;
To ensure internationally-agreed development goals are me t, it is essential that
governments take advantage of the myriad advances in science and technology
provided by NMHSs and their partners;
Climate change requires societies to understand and assess impacts and to develop
the necessary adaptation strategies. By providing fundamental knowledge of the
climate system and predictions based on climate models, NMHSs can help societies
transform;
To be completely effective, NMHSs and their international network, coordinated
through the WMO, must be recognized as critical partners in societies’ goal to reduce
poverty and increase the prosperity of the world’s citizens.

Thus, besides the obvious technological advances in observations and forecasting that are
needed, the community is challenged to help societies ma ke more effective decisions. In general,
this emphasis on social and economic applications and benefits is outside the comfort zone of
most meteorologists, who are more secure with metrics that emphasize the accuracy of forecasts
rather than their utility. Today, we must ensure that our research portfolio is fully inclusive of
activities that advance users abilities to respond ever more effectively to weather, water and
climate information and thereby ensure the ongoing relevance of our operational services.
Our challenge is to determine what research should be undertaken to advance social and
economic applications and benefits. Clearly, simply determining the economic value of a weather
forecast is not enough. We need to understand how people make decisions, how they use
weather, water and climate information, and how best to increase the utility of the information that
we provide.
One possibility is to accelerate the research that is being done in specific economic sectors,
most notably energy, transportation and agriculture and extend this work to other societal benefit
areas. While this is relatively straight forward, we must confront the issue of the economic value of
forecasts to certain sectors.
Questions for the Commission:
•
•
•

How should the Commission progress research and development in social and
economic applications?
What should be the focus of programmes involved in Social and economic research?
How to connect these activities with those of other Commissions and programmes?

[One recommendation is the creation of CAS Social and Economic Applications
Working Group or possibly an WMO Executive Council’s Panel.]
3.

TRANSITION OF RESEARCH TO OPERATIONS

The overall investment in basic and applied atmospheric research by coun tries is
considerable. However, it is not clear that NMHSs are able to take full advantage of this effort,
especially when the research is conducted within universities and independent government
laboratories. Transitioning this research to operations to improve the products and services of
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NMHSs is a challenge. Several countries, have documented this problem. Successful transitions
from Research and Development (R&D) to operational implementation always require the
following: (1) an understanding of the importance (and risks) of the transition; (2) development and
maintenance of appropriate transition plans; (3) adequate resource provision; and (4) continuous
feedback (in both directions) between the R&D and operational activities. In the case of the
atmospheric and climate sciences, inadequacies in transition planning and resource commitment
can seriously inhibit the implementation of good research leading to useful societal benefits.
There must be a balance between the push of research and the pull of operational
requirements, but to be cost-effective, it important, particularly within the WMO commun ity to
ensure that research is responsive to operational requirements. Equally it is essential that the
operational community articulate their requirements for research. The success of CAS depends in
large measure on the uptake of research results by the operational community. Therefore it is
important that CAS activities are continuously reviewed and revised in light of the evolving
requirements of the NMHS operational community. Currently the process is largely ad hoc through
the activities of the WWRP, which is responsible for research demonstration projects and forecast
demonstration projects. THORPEX established a transition mechanism through CBS. CBS, in
turn, seeks for systematization of best practices achieved by particular members in implementing
new techniques.
Questions for the Commission:
•
•
•
•

Do we have the appropriate mechanisms in place to capture the research requirements
of the operational community?
Do we have the appropriate mechanisms to raise the awareness within the operational
community of research results and is there continuous feedback between R&D and
operational activities?
Do we have transition plans for CAS sponsored research?
Are we taking full advantage of academic research and how?
[One recommendation is that greater cooperation between academia and NMHS
research programmes could be achieved with the more formal involvement of ICSU
in CAS activities. The success of the IPY planning suggests that this has merit.
Another recommendation is an extension of the FDP and RDP concept to create
international “test beds” for the evaluation of proto-type operational systems in a
research environment.]

4.

RESEARCH INFRASTRUCTURE

Weather and climate research is increasingly dependent on major facilities for numerical
experimentation and for global observations. In general these depend on the national priorities of
a few countries. In several fields, notably astronomy and high-energy physics, the communities
have recognized that the research facilities they need are beyond the ability of a single country to
fund and sustain. Therefore these have become international projects with many countries sharing
the overall cost and use of the facilities.
Despite the international nature of weather and climate research, no major internationa l
facilities have been funded. For example, the community still depends on national investment to
provide the computing resources for weather and climate prediction experiments.
Questions for the Commission:
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If the Commission agrees that internationally shared facilities are needed, how does
the Commission develop and implement the concept?
Should the Commission try to influence national investments? If so, how?

[One recommendation is for CAS to advocate for the establishment of an International
Research Centre for Weather and Climate Prediction.]

26

PROGRESS/ACTIVITY REPORTS

AGENDA ITEM 5 – SUPPORT TO OZONE AND OTHER ENVIRONMENT-ORIENTED CONVENTIONS
CAS-XIV/Rep. 5

REPORT ON SUPPORT TO OZONE AND OTHER ENVIRONMENT-ORIENTED CONVENTIONS
Vienna Convention and its Montreal Protoco l
Over the next twenty years, high quality global observations of ozone and ozone -depleting
substances are critical in verifying the effectiveness of the actions taken under the Vienna
Convention (1985), the Montreal Protocol (1987) and its subsequent adjustments and
amendments. With the support of the Ozone Secretariat hosted by UNEP, the Vienna Convention
Trust Fund for Research and Systematic Observations was established by the Parties to the
Vienna Convention. WMO Members and partners in GAW are encouraged to utilize this Fund
through support of the Secretariat to undertake calibrations, maintenance and projects that will
build and maintain measurement and research capacity in developing parts of the world. In 2005,
WMO and the UNEP Ozone Secretariat organized the 6th triennial meeting of the Ozone Research
Managers (ORM) of the Parties to the Vienna Convention. The recommendations agreed upon at
the 6th ORM meeting were presented to the delegates of the 7 th Conference of the Parties to the
Vienna Convention and the 17th Meeting of the Parties to the Montreal Protocol in Dakar, Senegal
in December 2005. The most important message from the ORM meeting is the urgent need for
support to developing countries, through the Trust Fund and other mechanisms, in order to
maintain existing ozone monitoring activities and to expand these into data sparse areas in the
tropics and CIS territory.
Through the dissemination of Ozone Bulletins, WMO continues to synthesize observational
products of GAW and partners to inform the science community, the media and the public about
the state of the ozone layer. During the Antarctic Ozone hole season, bulletins are issued every
two weeks from mid-August to late November. In 2005, these Bulletins underwent a major revision
to address changing communication needs and to emphasize the critical role of WMO Members
and pa rtners in observing ozone. In the bulletins, pictures are now used extensively to illustrate
the development of the Antarctic ozone hole over the course of the season and to highlight
products generated by partners including those operating surface-based remote sensing and
balloon networks. From 2006, Arctic Ozone Bulletins will be added to the products of GAW and
issued monthly from January through April with the same format as the Antarctic ones. Tools and
mechanisms to better integrate ozone observations to produce the bulletins will be assisted
through development activities associated with the implementation of the Integrated Global
Atmospheric Chemistry Observations Strategy (see section 4.2).
UN Framework Convention on Climate Change
GAW has worked closely with the GCOS secretariat and its Atmospheric Observations Panel for
Climate (AOPC) to identify key actions required to implement the GCOS second adequacy report.
GAW is taking a lead role in coordinating the expertise of its global measurement and research
communities for these chemicals to ensure that on-going global networks of GAW supported by the
CAS WG-EPAC and the Scientific Advisory Groups (SAG) for greenhouse gases, ozone and
aerosols are part of the GCOS.
In October 2005 , the GCOS Steering Committee accepted a proposal entitled “GCOS-GAW
Agreement Establishing the WMO-GAW Global Atmospheric CO2 & CH4 Monitoring Network as a
Comprehensive Network of GCOS” (CAS-XIV/Rep. 4.3, Appendix B). This proposal was
developed under the leadership of the GAW Scientific Advisory Group for Greenhouse Gases and
in consultation with the CAS WG-EPAC, the global greenhouse gas measurement community, the
GCOS AOPC and the GCOS Secretariat.
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UN-ECE Convention on Long -range Transboundary Air Pollution
GAW continues to co-chair the Task Force on Measurements and Modelling (TFMM) of the
Cooperative Programme for Monitoring and Evaluation of the Long-range Transmission of Air
Pollutants in Europe (EMEP) under LRTAP. The TFMM has grown into an important forum dealing
with questions on measurements and modelling that CAS supports as an on-going GAW activity. It
holds a meeting addressing several issues every spring and a specialized workshop every autumn.
The latter have involved the EMEP Assessment Report, review of the Unified Eulerian model,
implementation of the EMEP monitoring strategy, and the review of the heavy metals and POPs
model. TFMM contributed to the EMEP Assessment Report for 1977 to 2004 that was published in
2004. Its objective was to describe the development of long -range transboundary air pollution in
Europe since the start of EMEP in 1977 up to present times; the report consists of a part focusing
on overall European perspective and of national assessments. The TFMM meetings regularly
address GAW and EMEP cooperation including on-site collaboration, quality assurance and quality
control, training activities and data management. EMEP and its European supporters establish ed
with WMO a cooperative agreement on data flow and exchange between the EMEP data centre
and the WMO World Data Centre for Aerosols at the European Joint Research Centre in ISPRA.
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AGENDA ITEM 6.1 (1) – GLOBAL ATMOSPHERE WATCH PROGRAMME, INCLUDING
THE REPORT BY THE CHAIR OF THE WORKING GROUP ON ENVIRONMENTAL POLLUTION
AND ATMOSPHERIC CHEMISTRY
CAS-XIV/Rep. 6.1 (1)
REPORT OF THE CHAIRMAN OF THE COMMISSION FOR ATMOSPHERIC SCIENCES (CAS)
WORKING GROUP ON ENVIRONMENTAL POLLUTION AND ATMOSPHERIC CHEMISTRY
(WG EPAC)
Professor Øystein Hov, Norwegian Meteorological Institute,
PO Box 43 Blindern, 0313 Oslo, Norway
Introduction
The Commission for Atmospheric Sciences (CAS) Working Group on Environmental Pollution and
Atmospheric Chemistry (WG EPAC) is the overall steering body for the Global Atmospheric Watch
(GAW). The rational and mission of GAW is as follows.
Rationale
•
•
•

To understand the complex mechanisms with respect to natural and anthropogenic
atmospheric change;
To improve the understanding of interactions between the atmosphere, ocean and
biosphere;
To provide reliable scientific data and information for national and international policy
makers.

Mission
•
•
•

Make reliable, comprehensive observations of the chemical composition and selected
physical characteristics of the atmosphere on global and regional scales;
Provide the scientific community with the means to predict future atmospheric states;
Organize assessments in support of formulating environmental policy.

GAW is the atmospheric chemistry component of the WMO Global Integrated Observing System
(WGIOS) and of the Global Climate Observing System (GCOS). Established in 1989 by the WMO
Cg-XI, GAW is one of WMO's most important contributions to the study of environmental issues in
the post-UNCED period (United Nations Conference on Environment and Development, 1992).
GAW provides scientific data and information for a range of environmental issues that societies to
function properly need to monitor and when possible, control:
§
§
§
§
§
§
§
§
§
§
§
§

Urban air quality;
Industrial pollution;
Long range transport of air pollutants;
Eutrophication;
Toxic species;
Ozone depletion;
Radiatively active compounds;
Weather (temperature, precipitation);
Marine pollution;
Terrestrial ecosystem and freshwater pollution;
Land use changes;
Waste handling.
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Status
Since 2002, GAW has made significant progress in many areas and amongst the most important
achievements are the establishment of new expert groups and GAW central facilities.
New centres
§
§
§
§
§

The Central Calibration Laboratory (Reference Standard) for CH4 at Climate Monitoring
Diagnostics Laboratory (NOAA);
The World Data Centre for Surface Ozone at Japanese Meteorological Agency;
The World Calibration Centre for Aerosol Physical Properties at Institute for Tropospheric
Research (IfT), Leipzig;
The World Calibration Centre for Nitrous Oxide at Institut für Meteorologie und
Klimaforschung Karlsruhe (IMK-IFU);
The World Calibration Centre for Volatile Organic Compounds at IMK-IFU.

New outreach and communication facilities
§
§
§

A GAW Website (www.wmo.int/web/arep/gaw/gaw_home.html) was established with the
help of partners (providing downloadable GAW reports);
The GAW Station Information System (GAWSIS; www.empa.ch/gaw/gawsis) was
established to provide documentation of the GAW network and to provide an information
system with a search engine and mapping capabilities;
The present network as reflected in GAWSIS consists of 23 Global, 637 Regional and
19 Contributing stations.

Science Advisory Groups (SAGs)
§
§
§
§
§
§
§

UV Radiation (SAG UV);
Aerosols (SAG Aerosols);
Ozone (SAG Ozone);
Precipitation chemistry (SAG Precipitation Chemistry);
Greenhouse Gases (SAG Greenhouse Gases) - reactivated;
Reactive Gases (SAG Reactive Gases) – recently established with the initial focus being on
carbon monoxide;
Urban Research Meteorology and the Environment (SAG GURME).

The main tasks of the Science Advisory Groups are to establish scientific priorities based on user
requirements, establish Data Quality Objectives and, when applicable, Standard Operating
Procedures (SOPs). These group s also monitor operations at sites, recommend development of
networks, observation methodologies, and techniques.
The project on Urban Research Meteorology and the Environment (GURME) continues to develop
its capabilities to provide air quality forecasts for urban environments.
The workshop GAW2005 was held in the WMO Headquarters in Geneva 14-16 March 2005 with
about 80 participants, many from overseas. The working group had its meeting immediately after
the GAW 2005 workshop on 17 -18 March 2005. These meetings underlined the rapid
developments over the past two years in the coordination of global observational systems, and the
role of the WMO Global Atmosphere Watch (GAW) programme as a fundamental component of an
Integrated Global Atmospheric Chemistry Observations (IGACO) strategy. The IGACO Theme
Report prepared for the IGOS partnership forms a framework for the next generation GAW
programme which will be embodied in the GAW Strategic Implementation Plan of 2008-2015. The
stewardship of GAW of all aspects of the global ground-based (in situ, balloon, remote sensing)
networks for ozone, UV, greenhouse gases, aerosol, selected reactive gases and precipitation
chemistry is firmly grounded in WMO and the international conventions it supports.
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“The EC-LVII agreed with CAS that GAW needed to address the following challenges:
requirements of environmental security and environmental conventions through the Integrated
Global Atmospheric Chemistry Observations (IGACO); the role of GAW in IGACO and hence
GEOSS; interdisciplinary nature of GAW activities; strengthening and development of aircraft and
ground -based remote sensing in GAW; real-time delivery of data of known quality for better
forecasting of extreme weather and air quality events. The Council therefore requested the
Secretary-General to appeal to funding agencies and to encourage Members to renew
commitments vital for GAW and to offer support for IGACO implementation.”
The IGACO strategy, which is currently under implementation by WMO and partners, has GAW as
its cornerstone while bridging to other atmospheric composition observational programmes for
commercial aircraft and satellites as well as to the modelling and research community. IGACO will
enhance support for the existing observational programmes and fill gaps in data
integration/synthesis and application of results, services and products to meet the needs in the
nine societal benefit areas of the new GEOSS programme with its secretariat at WMO. The
GEOSS societal benefit areas are disaster risk reduction, climate, weather, water, health, energy,
ecosystem, agriculture and biodiversity. IGACO and hence GAW are directly or indirectly relevant
to all of these.
To implement IGACO, WMO is focussing on four themes: IGACO-ozone, IGACO -greenhouse
gases, IGACO-air quality/LRTAP and IGACO-aerosols. The work of the GAW World Data
Centres, the Quality Assurance/Science Activity Centres, World Calibration Centres, Central
Calibration Laboratories and Science Advisory Groups will be important elements in the
implementation of the IGACO themes, and the GAW work will become even better directed
towards the integration and synthesis of observations to achieve the GAW mission.
Through the implementation of IGACO, it is intended to put in place a stronger alliance of
observation lists, modellers, researchers and users of products of GAW global networks.
GAW is a large system. What makes it function? It is worth acknowledging some important
factors:
•
•
•
•
•

National Meteorological Services and other national institutions, in particular those who
operate global sites;
Countries dedicating resources for the common good including supporting World Data
Centres, Quality Assurance/Science Advisory Centres, World Calibration Centres, Central
Cal Labs, outreach and educational activities/institutional building;
Committed individuals;
The secretariat at WMO;
WMO has the global scale needed to address the anthropogenic modification of many
biogeochemical cycles.

Main challenges for GAW:
A.

Long term financial and technical commitment to GAW activities

The future success of GAW will require long-term commitment in the face of competition for short
term funding. If sufficient support is not forthcoming then the GAW infrastructure and the long-term
character of the research will suffer.
Renewal of financial commitments to GAW is important. There is an urgent need to appeal to
funding agencies. WMO should encourage both the renewal of commitments and the offer of new
support. It is encouraging that within the EU 6th Research Framework Programme there is now
room for proposals to strengthen the observational infrastructure for atmospheric chemistry in
Europe. The plans for Framework Programme VII seem to continue this policy line with separate
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funding lines for research infrastructure. WMO should take on the task of linking the regional
components of GAW.
B.

Forecasting short-term and long-term hazards

Many meteorological centres are extending their numerical weather prediction activities to include
global and regional chemical composition of the atmosphere. Operational predictions are currently
being carried out at a number of centres and many more centres will be involved before the end of
the decade. This is both an opportunity and a practical challenge to GAW. Whilst these centres
will rely mainly on remote sensing for initial data, GAW in situ data will be crucial for verification of
both analyses and forecasts. Some cooperation and coordination with CBS will be required to
enable data to be exchanged in both real-time and in delayed mode. Attention should be given to
resolving some of the difficulties of integrating GAW and the WWW/GOS before the end of the
decade.
There is a need for an improved societal response to air quality forecasts. For example, excess
deaths from PM 2.5 (particulate matter that is 2.5 micrometers or smaller in diameter) have been
shown to be high but a suitable societal response has yet to be developed, even though there is
legislative action on emissions and concentration levels, for e xample in Europe and North America.
C.

Further development of the interdisciplinary nature of GAW science

Current environmental challenges are interlinked. This has implications for GAW to develop further
as a multipurpose network which is well integrated into a system with also other sources of
information (other types of observations, models). This is taken care of in the IGACO framework.
Issues which are likely to change environmental policy direction are for instance:
•
•
•
•
•

The coupling between atmospheric composition change air and climate change (both
directions);
Changes in biogeochemical cycles, where particularly the emphasis needs to be on the
cycle of nitrogen including land use changes;
Air quality and health;
Globalization of the economy – transportation and energy use;
Population growth, urbanization – exposure and deposition on different scales in space and
time.

There are important feedbacks between climate, ecosystems, atmospheric chemistry and physics,
e.g. through the fire-convection frequency, changes in lightning frequency under climate change,
and the effect that an increase in tropospheric ozone has to reduce the soil carbon formation.
Feedbacks between biogeochemical cycles require that the methods used for their analysis need
to cross over each other. The observational approach (surface, remote sensing) needs to take into
account interlinkages between the environmental issues. In deterministic modelling, ensemble
predictions are important to estimate the probability density functions of likely developments of the
atmosphere -soil-ocean system. Quality assurance in the sensor-user chain and expert user driven
information and knowledge extraction (fusion of diverse data streams specified by a user)
(cf. IGACO-thinking) are essential developments.
D.

Requirements for environmental security

This reflects in particular the relationship between GAW and GEO/GEOSS and its European
component Global Monitoring for Environment and Security (GMES). GAW covers important
elements of ’Environmental security needs’ (GEO/GEOSS/GMES). GAW needs to contribute to
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product/indicator/signal parameter oriented analysis and forecasting of both shortterm and long term hazards or developments beyond accepted bounds, like:
•
•
•
•
•
•
•

AQ warning;
Ecosystem loading;
UV dose;
Visibility;
Toxic levels;
Cclimate change/variability;
Floods/drought/excessive precipitation/winds beyond certain limits.

WMO has a model of how to fuse complex data streams according to the user needs as expressed
by NMSs (NWP). This model needs to be implemented through IGACO.
E.

Developments in Numerical Weather Prediction

To address the feedback mechanisms between the different environmental issues, there is a
widely recognized need for inter-disciplinarity both in relation to the observations, modelling and its
data requirements. To cut emissions to protect climate, the stratospheric ozone layer, crops,
terrestrial and aquatic ecosystems and public health, the Earth system perspective is required to
reach solutions which optimize the benefit of regulations and investments in technology
replacements. With the vision to put science in the lead, significant spinoffs can be expected for
weather prediction. The benefit of including selected air pollution variables such as aerosols in
forecast models will no doubt improve weather forecasts through better description of radiative
forcing, simulation of clouds and of precipitation.
Recommendations
•
•
•
•

Renewal of financial commitments to GAW;
Enable GAW data to be exchanged in both real-time and in delayed mode;
Develop GAW as a multipurpose network integrated into a system with other sources of
observations and numerical models (IGACO framework);
Adopt GAW to cover the needs of GMES and GEOSS.
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AGENDA ITEM 7.1 – WORLD WEATHER RESEARCH PROGRAMME
REPORT OF THE CHAIR OF SCIENTIFIC STEERING COMMITTEE
CAS-XIV/Rep. 7.1
THE REPORT OF THE CHAIRMAN OF SSC FOR WWRP
The World Weather Research Programme Science Steering Committee met four times during the
review period (2002: Brasilia, Brazil, 2003: Oslo, Norway, 2004: Boulder, United States, 2005:
Kunming, China), which allowed for reviewing and assessing the development of all elements of
the WWRP, formulating recommendations to guide further actions and reporting periodically on the
progress of the programme to the president of the Commission for Atmospheric Sciences.
Besides the forecast demonstration projects and the research and development projects, several
technical workshop and world-class conferences (Thorpex: Montreal 2004 and Germany 2006;
Data assimilation: Prague 2005; Nowcasting: Toulouse, 2005; Precipitation: Reading 2003,
Boulder 2006) organized under the umbrella of the World Weather Research Programme
facilitated the exchange of information among scientists participating in the programme and
relevant scientific institutions and agencies, at the national and international levels. A first WWRP
conference covering all aspects of the World Weather Research Programme activities is scheduled
for 2007.
Working Groups on Nowcasting and Forecast Verification (joint with CBS) have been active during
the period and have allowed the initiation of several international initiatives, including research and
development projects, and forecast and demonstration projects. These working groups are
essential for the continuation of the WWRP spirit and future.
In addition, it organized nowcasting training workshops for Latin America (Brasilia, Brazil,
November 2003), and for Africa (Pretoria, South Africa, November/December 2005)), which
capitalized on the experience of the forecast demonstration projects, allowed to transfer the state
of the art in forecasting to all countries and notably the developing countries. Furthermore, the
concept of developing countries forecast and development project has been initiated.
The World Weather Research Programme activities, which largely concentrates on high impact
weather, has allowed several responses to the announcement of opportunity released in summer
2005 for the preparation of the early warning conference to be elaborated.
The committee members during the reporting period were:
-

R.E. Carbone (United States), chairperson, replaced in 2004 by P. Courtier (France);
G. Isaac (Canada), Rapporteur on Physical Processes;
R. Brozkova (Czech Republic), Rapporteur on Forecast Verification Techniques and
Validation;
P. Bougeault (France), Rapporteur on Data Assimilation and Modelling;
K. Browning (UK) and T. Keenan (Australia), Rapporteurs on Nowcasting and Integrated
Forecast Systems;
Tang Xu (China), Rapporteur on Tropical Meteorology, replaced in 2003 by Zhao Datong
(China);
T. Tsuyuki (Japan), Rapporteur on Long Range Weather Prediction;
R. Pielke (United States), Rapporteur on Social and Economic Effects (withdrew in 2004);
E. Poolman (South Africa), Rapporteur on Forecast Technology Transfer, Application to
Members.

The Chairman would like to thank all committee members for their involvement in the development
and success of the programme.
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The current activities organization of the World Weather Research Programme may be
synthetically presented with the following diagram:

From the organizational point of view, worth noticing is THORPEX which developed as a thorough
project with its own organization given its wide scope; the verification working group, jointly with
WGNE; the advisory group on societal impacts which is likely to become a common group to the
WWRP and THORPEX; the nowcasting working group; and all the projects initiated under the
auspices of the WWRP.
Completed projects:
1.

Mesoscale Alpine Programme (MAP)

MAP emerged as a measured and concerted response of several National Meteorological
Services, a number of research institutes and many university departments from 1994 onwards in
order to improve understanding and forecasting of weather in the vicinity of large mountains such
as the Alps. A small, but effective programme office was set up at MétéoSwiss to coordinate the
activities which culminated in a large special observing period over the European Alps in autumn
1999. As early as 1997 the WWRP of WMO recognized the planned actions and accepted MAP
as its first RDP.
MAP has allowed considerable breakthrough in the understanding of the interactions of humid
flows with mountains leading to intense precipitations. Scientific papers have been published in
the open literature, including a special issue of the Quarterly Journal of the Royal Meteorological
Society.
2.

Sydney 2000 Forecast Demonstration Project (S2000 FDP)

A comprehensive overview of the S2000 FDP was published in August 2003 in the Bulletin of the
American Meteorological Society and a special issue of the American Meteorological Society
Weather and Forecasting on the S2000 FDP published in 2004.
Follow-up impact studies were undertaken as part of the 2002-2003 component of extended FDP
trials in Sydney and primarily focused on the Thunderstorm Interactive Forecast System (TIFS).
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Production of detailed and semi-automated users' specific text and graphical thunderstorm
products related to outlooks, alerts and warnings significantly extended the functionality available
during S2000 and the potential impact on the whole warning process. The formal impact studies
(lead by L. Berry, James Cook University) targeted Bureau forecasters, the aviation industry,
emergency services, and the tourist operator Bridgeclimb.
Within the Bureau the TIFS system is now being further deployed beyond Sydney in a more
operationally supported role. New operational trials are planned during 2003 -2004 using Bureau
forecast centres located in Melbourne, Brisbane and Sydney. Thunderstorm alerting is also being
provided in Tasmania based on TIFS.
The WWRP FDP Sydney 2000 has had a significant impact on the approach undertaken to severe
weather forecast production within Australia. The experience acquired during this FDP also
benefits the Beijing 08 FDP.
3.

Aircraft In -Flight Icing Project (AIFI)

The WWRP SSC endorsement of AIFI made possible the AIRS I and II field projects and some of
the collaborations between the many participants. Funding organizations like the FAA, MSC, TC
and NASA have indicated that they were pleased that WMO provided support, and it was an
important factor in their funding decisions.
A Special Session on AIRS II was held at the 43rd American Institute of Aeronautics and Astronautics
(AIAA) Aerospace Sciences Meeting in Reno during January 2005 and these papers can be found on
the project Web site. One of them includes an overview description of AIRS II. Papers using AIRS
data, specifically related to mixed phase clouds, will be presented at the Fall Ame rican
Geophysical Union (AGU) meeting on 5-9 December 2005. A special session on the AIRS II
11 November 2003 case is planned for the upcoming meeting of the 12th Conference on Aviation
Range and Aerospace Meteorology (12ARAM) on 1 February 2006. Papers will also be prepared
for the 12th Conference on Cloud Physics (12-14 July 2006). In addition, AIRS II will be
represented with several papers at the AIAA meeting in Reno in January 2006.
The US Federal Aviation Administration (FAA), Transport Canada (TC) and the European Aviation
Safety Administration (EASA) formed an Ice Protection Harmonization Working Group (IPHWG) to
prepare “Appendix X” which describes the super-cooled large droplet (SLD) icing environment, and
complements the older Appendix C which describes the small droplet (< 50 µ) environment. The
IPHWG is a committee formed from representatives from industry, the US Airline Pilot Association,
MSC, NASA and regulatory agencies. The MSC and NASA in-situ data sets have now been used to
form “Appendix X” which will be used in future certifications of aircraft airframes, once it has passed
through formal review and approval process. For aircraft engine certification in super-cooled, mixed
phase, and glaciated cloud environments, a new Appendix D ha s been recently formulated by another
committee, the Engine Harmonization Working Group (EHWG), and is going through the same
approval process as Appendix X. Both of these new Appendices would not have been possible to
form without the participation of experts using information collected during the AIFI project.
Support of the WMO Commission for Aeronautical Meteorology would be needed for a follow-up of
AIFI with a broader scope and involving North America as well as Europe and other continents.
4.

MEDEX – Phase 1

The MEDEX First Phase specific objectives were the elaboration of a dynamic climatology, a better
understanding of the genesis and evolution of the cyclones, the identification of the most sensitive
areas, and the evaluation of the societal impa cts. Several papers have been published on these
topics.
A second phase of MEDEX has been designed with the following objectives:
•

Improvement of the climatological knowledge on the cyclones that produce high impact
weather in the Mediterranean, includin g aspects related to the inter-annual variability and
tendencies;
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•

Improvement of the understanding of the dynamical and physical processes that are
involved in the genesis and evolution of the cyclones that produce high impact weather in
the Mediterranean;

•

Development and testing of observational targeting and adaptive strategies and of
assimilation of new observations, oriented to the improvement of the forecasting of the
cyclones that produce high impact weather in the Mediterranean;

•

Development and te sting of forecasting techniques, like different kinds of ensemble
forecasting and statistical post-processing of the numerical prediction model outputs, to
improve the forecasting of the cyclones that produce high impact weather in the
Mediterranean and of the high impact weather itself;

•

Evaluation of the social and economical benefit of improved forecasts of cyclones that
produce high impact weather in the Mediterranean and of the high impact weather itself.

The tasks not fully achieved of MEDEX first phase are subsumed in the second phase. MEDEX will
be one component of the European THORPEX.
Projects initiated during the reporting period 2002-2005:
5.

THORPEX, a World Weather Research Programme.

From a scientific point of view, the programme is detailed in another contribution.
With respect to THORPEX, the main achievements are:
-

Approval of the Science Plan by the ICSC and completion of the peer review process;
Approval by the ICSC of the Implementation Plan 2004-2015;
Appointment of a Director of THORPEX Executive Board and Manager of the THORPEX
IPO;
Establishment of the THORPEX Executive Board, advisory boards and working groups as
per approved management structure, and the designation of chairs and members;
Budget approval and the funding situation in 2005;
First THORPEX Symposium (Montreal, 2004);
Presentation at the WCDR Public Forum;
Collaboration with CBS and GEOSS;
Collaboration with the WCRP, including THORPEX in COPES;
Development of the Southern Hemispheric partnership;
Ongoing programme activities including the development of TIGGE.

The ICSC-4 report (http://www.wmo.int/THORPEX) reflects the details of some of the above
actions. Recognizing the THORPEX as a major component programme of the WWRP for the time
scales 1-14 days, ICSC agreed to explicitly reflect it in the inclusion of the WWRP in its name. It
also recalled the original meaning of THORPEX as The Observing System Research and
Predictability Experiment and agreed to restore it as reflecting the main foci of the programme.
The name of the programme changed to THORPEX: a World Weather Research Programme,
where the meaning of THORPEX is The Observing system Research and Predictability
Experiment, and the full acronym name should read as the WWRP/THORPEX
In response to the proposal of the SSC for WWRP to combine THORPEX and WWRP under an
integrated World Weather Research Programme, the ICSC-4 (Montreal, Canada, December 2004)
recorded the following conclusion:
Taking into account the legacy of the WWRP, including Nowcasting and Mesosca le projects, many
of which linked to THORPEX, and that of THORPEX focused on week 2, the proposal was to have
more effective management which would benefit from engagement of ICSC institutional leaders
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and funding agencies in overseeing all time and spatial scales, and a single SSC, with appropriate
multidisciplinary and broader academic representation, and its already demonstrated rigorous
approach to managing projects of high quality from the research phase up to pre-operational
phase. ICSC discussed various aspects exploring possibilities and potential consequences of
reorganisation. It recognized that the issue should be considered in a broader perspective and
that this is a prerogative of CAS and its Advisory Working Group. The consensus of the meeting
was that THORPEX would maintain identify (see also 2.3.3), and the ICSC remains the oversight
committee for THORPEX. In future the ICSC would assume broader management responsibility
and oversight functions in respect to other WWRP programmes and become the committee for
weather: THORPEX, Mesoscale, and Nowcasting, or even for seamless forecasts. In this respect
the ICSC encouraged the SSC/WWRP to develop overarching comprehensive science plans for
other components of the WWRP. The regional committees would have an expanded role and
report to an ICSC for THORPEX and Mesoscale activities as well. The ICSC recommended that
its Science Advisory Board and SSC/WWRP have joint yearly meetings.
The WWRP/SSC welcomed the above -mentioned conclusion, including h
t e planned overlapping
meetings of the THORPEX SAB and WWRP SSC, the IPO and the appointment of an IPO director,
and the working groups which reflect the THORPEX thematic priorities. This is a first step toward
the implementation of last year's recommenda tion, namely a closer integration of THORPEX and
WWRP, which the committee recommended to WMO as a goal. The committee noted that the
current level of funding allows only a partial implementation of the decided organization and
recommended that a medium term financial plan be agreed among the countries supporting
THORPEX.
The relationships with COPES have progressed following last year's recommendation. This was
welcomed by the WWRP/SSC who stressed that notwithstanding this important and potentially
fruitful cooperation, THORPEX is focused on the 1 to 14 days forecast range.
Dr P. Bougeault, co -chair of the GIFS-TIGGE working group of THORPEX presented at the eighth
session of the WWRP/SSC (Kunming, China, October 2005) the status of the TIGGE project. An
initial workshop on TIGGE was held at ECMWF on 1 -3 March 2005. The report of this workshop
has been published as an official THORPEX report and is available on the THORPEX Internet site.
The initial goal of TIGGE will be to develop an archive of the operational, global EPS forecasts
from up to nine global forecasting centres in the world and to provide access to this archive to the
research and application community. Later on the project will evolve towards an operational multimodel system with real-time applications. It was agreed to develop the TIGGE project in two
phases. Phase 1 will start early in 2006. In Phase 1, three repository centres (ECMWF, NCAR
and CMA) will accumulate the archive and provide access to it through existing software and the
Internet. In Phase 2, a distributed archive compatible with the FWIS will be developed and users
will have access to the data at the production centres with a friendly interface. The start of
Phase 2 is subject to funding. The three repository centres are currently developing the technical
proposition for Phase 1. A GIFS-TIGGE working group has been appointed and will meet for the
first time in Boulder, Colorado, USA on 15-16 November 2005 to discuss various aspects of the
project. The SSC welcomed h
t e importance of the TIGGE project and stressed the potential
important applications for high impact weather in various domains. The committee noted that there
exist concerns in the community regarding the impact of adaptive observations on the forecast
skill, especially in the mid-latitudes. The committee noted that the THORPEX executive board has
requested the DAOS working group to prepare by mid-2006 a synthetic evaluation of recent
adaptive observation programmes in the mid latitudes, and the committee recommended that such
document be used when planning of future field programmes.
THORPEX has goals to improve understanding of important physical processes and to develop
better parameterizations for NWP models. As numerical models go to smaller scales (1-3 km) the
importance of accurately representing physical processes on these scales is increasing. The
WWRP/SSC would like to see specific plans on how THORPEX will address these issues in
coordination with the ongoing activities of the WGNE.
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Beijing 08 FDP and RDP (2004)

The Beijing 2008 (B08) Olympics will be conducted from August 8 to 24, 2008. Weather
information is very important for planning and implementing of the B08 activities. A WWRP
coordinated international forecast demonstration project (FDP) and a research and development
project (RDP) were endorsed, which are conducted by the China Meteorological Administration
with international participants from Australia, Austria, Canada, China, France, Japan, United
Kingdom and United States etc. B08 FDP focus on nowcasting with a range of 0-6 hours of
convective storm tracks, precipitation, and severe weather events such as tornadoes, hails, gust
wind, and flash flooding. B08 RDP focus on 6-36 hours meso -scale ensemble prediction.
The goals are to demonstrate how the state-of-the-art nowcasting and meso-scale ensemble
systems can provide an improved weather service. All forecasting products will be verified, and a
social/economic impact assessment on the improved nowcasting system will be conducted for
B08 FDP.
7.

MAP D-Phase Forecast Demonstration Project (2005).

The main objective of the MAP D-Phase forecast demonstration project is to demonstrate the
benefits in forecasting heavy precipitation and related (flash) flood events, as gained from
improved understanding, refined atmospheric and hydrologic modelling, and advanced
technological abilities acquired through research work within the MAP research and development
project. Specifically, an end -to-end forecasting system for Alpine flood events will be set up to
demonstrate state-of-the -art forecasting of precipitation-related high impact weather. This system
will include probabilistic forecasting based on ensemble prediction systems with a lead time of a
few days, followed by short-range forecasts based on high resolution atmospheric and hydrologic
models for selected regions or catchments, and completed with real-time nowcasting and high resolution observational information. Throughout the forecasting chain, warnings will be issued
and re-evaluated as potential flooding event approaches, allowing forecasters and end users to
alert and make decisions in due time.
Strong connections with the B08 RDP are being established.
8.

Sand and Dust Storm (SDS) Research and Development Project (2004)

Accurate forecasting of sand and dust storms (SDS) remains one of the greatest scientific and
societal challenges of this century. Despite advances in soil dust aerosol research and its climatic
impact over the last decades, limitations in observing cove rage of both ground based and remote
sensing networks, data assimilation methods, and model formulation restrict the pace of progress
in improving SDS prediction. The SDS Project is a ten-year international research programme to
accelerate improvements in short-range (up to 3 days), medium-range (3 to 10 days) and long range (months/seasons) deterministic predictions and warnings of high -impact dust storm weather.
This SDS Project will examine the fundamental sciences and knowledge gaps in soil dust research
and establish the potential to produce significant improvements in observations and forecasts. The
programme builds upon and coordinates with the advances being made in the international basicresearch communities on soil dust aerosol.
9.

Convective and Orographically-induced Precipitation Study (COPS) Research and
Development Project (2005).

COPS is focusing on the improvement of quantitative precipitation forecasts in low-mountain
regions where severe systematic errors are found, which limit the application of quantitative
precipitation forecasts for applications in hydrology, particularly for flash flood forecasting. To
reach the COPS science goals, the whole life cycle of convection precipitation shall be investigated
using a unique combination of remote sensors on different platforms, advanced variational data
assimilation technique, and various mesoscale and ensemble forecast using high -resolution
mesoscale models optimized for operation in orographic terrain.
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Projects likely to be initiated during the coming period.
10.

Fire weather forecast and demonstration project.

An international WWRP Fire Weather Workshop hosted by the Bureau of Meteorology and the
Bushfire Cooperative Research Centre was held in Melbourne, Australia from 6-10 June 2005.
The workshop explored ways to optimize the use of weather information in wild fire management.
Major topics discussed included fire weather and fire risk indices, fire behaviour modelling,
methods to link proposed activities to current international wild fire programmes and the role of
possible WWRP initiatives. A key recommendation related to development of a suite of global fire
danger indices based on WWRP expertise incorporating the use of ensemble techniques to
provide medium range decision-making aids in support of fire management decision -making.
Following this recommendation WWRP has been involved in the coordination and development of
a multinational proposal related to a Global Early Warning System for Wild-land Fires. This
proposal was developed in response to the call from the Third International Conference on Early
Warning, under the auspices of the United Nations and is likely to evolve as a FDP under the
WWRP.
11.

Vancouver 2010 FDP & RDP

The Winter Olympics will be hosted by the city of Vancouver in February of 2010. The main
venues will be located in Whistler B.C., which is in a coastal, mountainous region to the north of
the city of Vancouver. Some ski venues will be located on the north shore of the Fraser Valley,
which borders on the north side of the city of Vancouver. The cross-country venues will be located
in the Callaghan Valley just south of Whistler. The Callaghan Valley is largely undeveloped and
substantial development is planned.
Winter nowcasting systems are now maturing to the state where they are being deployed in quasioperational environments. These systems include Winter Support Decision Making (WSDM)
system (NCAR) and the Airport Vicinity Icing and Snowfall Advisor (MSC) which have their origin in
aviation nowcasting for terminal area or icing forecasts, but can be generalized.
Technology for high temporal measurements of snowfall is reaching operational use. In particular,
the hot plate of NCAR/DRI and the POSS (precipitation occurrence sensing system) instrument of
the MSC have shown great potential in measuring snowfall intensity at 1 minute time scale.
Components of a potential WWRP FDP/RDP:
•
•
•
•
•
•
•
•
12.

Nowcast elements: high winds, precipitation type, intensity, fog/low cloud, road weather;
FDP on winter nowcasting;
FDP on coastal weather;
FDP in complex terrain;
Demonstration of new technology: CASA, high temporal snow fall intensity; Aerosondes;
RDP on high resolution NWP in complex terrain;
Perhaps a meso -scale ensemble prediction FDP or RDP (building on Beijing 2008);
Linkage with THORPEX.
Developing Country FDP (DC -FDP)

The WWRP/SSC recognized the need for enhancing the scientific and forecasting capabilities of
developing countries. It also recognized the significant effect high impact weather events have on
the livelihood and economies of developing countries. It also acknowledged its role in supporting
the developing countries in research projects aimed at improving the forecasting of these high
impact weather events.
In this light, the WWRP/SSC has decided to initiate a new category of research projects called
Developing Country Forecasting Demonstration Projects (DC-FDP) that will involve scientists of

40

PROGRESS/ACTIVITY REPORTS

relevant developing countries, a responsible regional meteorological centre, and interested
developed countries. As a possible first DC-FDP, the committee would welcome proposals for
example forecast of high impact weather leading to flooding (e.g. south-eastern Africa) or the
forecasting of high impact weather associated with the problem of desert locusts in North Africa.
In response to the early warning conference announcement of opportunity, a proposal on multihazard approach to forecasting health impacts in Africa has been elaborated. It relies on some of
the THORPEX activities. The committee considered that this proposal fits well within the
Developing Country Forecasting Demonstration Projects framework initiated at the 7th session of
the WWRP/SSC.
The WMO Secretariat should identify all the responses to the EWS announcement of opportunity
which are relevant to WWRP.
13.

Coordinated warm season precipitation.

Progress of several activities regarding the continental scale predictability of warm season
precipitation is well under way. A multi-continent synthesis is emerging. The SSC supported the
organization of a workshop on these issues in 2006. The SSC stressed the importance of
establishing soon an RDP and looks forward for a proposal to be submitted at the 2006 session.
The SSC also urged the scientific community working on the warm-season precipitation to seek
integration within the "predictability and dynamic processes" science theme of THORPEX, by
attending their meetings and opening collaborations with the various THORPEX regional
committees.
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AGENDA ITEM 7.2 – THORPEX: A WORLD WEATHER RESEARCH PROGRAMME
INCLUDING THE REPORT BY THE CHAIR OF THE INTERNATIONAL CORE STEERING
COMMITTEE
CAS-XIV/Rep. 7.2
REPORT OF THE CHAIRMAN OF ICSC
The Commission for Atmospheric Sciences at its thirteenth session in Oslo, 2002 encouraged the
development of THORPEX as a major project aimed at improving weather prediction on scales of
the order of one to ten days. The Commission established the International Core Steering
Committee (ICSC) for THORPEX in 2002 to be responsible for the delivery of THORPEX to the
Commission; and to set THORPEX research priorities based upon recommendations from the
International Scientific Steering Committee (ISSC), the CAS Science Steering Committee for the
World Weather Research Programme (SSC/WWRP) and the CAS/JSC Working Group for
Numerical Experimentation (WGNE). Detailed information on THORPEX can be found at
www.wmo.int/thorpex.
At its first session the ICSC elected Dr Michel Béland as the Chair of the ICSC. It approved the
establishment of the THORPEX programme office at WMO in Geneva and requested the ISSC to
develop an International Science Plan led by Drs. Alan Thorpe and Mel Shapiro.
In 2003, the Fourteenth World Meteorological Congress (Cg-XIV) established THORPEX as a
10-year long international global atmospheric research programmeas part of WWRP under CAS to
accelerate improvements in weather forecasting on short-, medium- and extended-range time
scales (Res. 12 (Cg -XIV)), and requested the president of the Commission to facilitate the activities
of the ICSC and the ISSC.
At its third session in December 2003, ICSC noted that considerable progress had been made
towards creating regional foci for THORPEX through the establishment of Asian, European and
North American steering committees. The second version of the International Science Plan was
approved, and the ICSC decided to focus efforts on the development of an International
Implementation Plan, based on the science plan.
During 2004, an expert team, led by Dr David Rogers, drafted the THORPEX Implementation Plan
(TIP). In December 2004, at its fourth session, the ICSC approved the Third Version of the
Science Plan and version 1 of the TIP. The TIP defines principle tasks, responds to science
opportunities of the THORPEX International Science Plan, outlines the roles and responsibilities
for the participants, defines the required levels of international cooperation, time and the resources,
as well as the expected outcomes with the specific deliverables in 2, 6 and 10 years followed by
subsequent transition to operations.
As a part of the TIP, the ICSC approved the principles and structure of THORPEX management for
the implementation phase; authorized the establishment of the ICSC Executive Board, Science
and Technical Advisory Boards, a Stakeholders Advisory Panel, and the main ICSC subsidiary
working groups on Data Policy and Management, Predictability and Dynamical Processes,
Observing Systems, Data Assimilation and Observing Strategies, Societal and Economic
Applications, and the Global Interactive Forecast System/THORPEX Interactive Grand Global
Ensemble (TIGGE). The ICSC nominated Dr David Burridge as the Executive Director of the
Executive Board and agreed to appoint him as the Manager of the International Pro gramme Office.
The ICSC invited the Commission for Basic Systems, other relevant WMO Commissions,
JSC/WCRP, NMHSs, research institutions, academia and partnering organizations to support
THORPEX implementation and to recommend suitable highly qualified experts for the above
working groups.
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THORPEX is conducting many new research and development activities including observing
system tests, the development of global multi-model ensemble forecasts systems, participating in
the International Polar Year (IPY) and social benefit demonstration projects. These are highlighted
in more detail in the report of the Director of the IPO, Dr David Burridge. The ongoing financial
support of Canada, France, Norway, the USA and the UK is appreciated. These contributions
have been, and continue to be, essential for the rapid progress of THORPEX from planning to
implementation. China’s secondment of Ms. Xuezhu Feng has been particularly important in
maintaining the continuing of the IPO. However, new resources are require d to ensure that the
progress we have achieved is maintained and that the work plan, outlined in the IPO Director’s
report, can be fully realized.
Membership of THORPEX is open to all WMO Members. It is the ongoing intention of THORPEX
to include participants from developing, least developed, and developed countries so that the
benefits of improved forecasts and improved applications of forecasts can be used to the benefit of
everyone.
REPORT OF THE DIRECTOR OF THE IPO
1.

The THORPEX International P rogramme Office (IPO)

The THORPEX International Science Plan, WWRP/THORPEX No. 2, WMO/TD-No. 1246
(www.wmo.int/thorpex/mission.html) was developed under the leadership of Mel Shapiro and
Alan Thorpe and the third version of the plan was published in November 2003. The peer-review
of this science plan, organized by the SSC/WWRP, has been completed successfully. An ICSC
Group of Experts, under the leadership of David Rogers, developed the THORPEX International
Research Implementation Plan (TIP) and following its approval, in December 2004, the ICSC
agreed to proceed with the implementation of the TIP.
The TIP is available at
www.wmo.int/thorpex.
The overall structure of THORPEX and its links to CAS, CBS, JSC/WCRP, WGNE and the regional
associations is illustrated below.
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The THORPEX International Programme Office (IPO) at the WMO Secretariat (Geneva) is
responsible for ensuring that the THORPEX Implementation Research Plan (TIP) (WWRP/
THORPEX No. 4, WMO/TD-No. 1258, (http://www.wmo.int/thorpex/publications.html) is carried
out. This TIP establishes a roadmap for all THORPEX activities. It defines principle tasks,
summarizes the expected outcomes derived from completion of each of these tasks, considers
how these tasks may be accomplished, the roles and responsibilities for the participants, as well as
the required levels of international cooperation, time and the resources.
As described in the TIP, the IPO supports the activities of the International Core Steering
Committee (ICSC) for THORPEX, its Executive Board, advisory boards and main working bodies.
The IPO coordinates and monitors activities between various management elements.
The IPO is under overall supervision of the Director of the WMO Atmospheric Research and
Environment Programme (AREP) Department. The Executive Director of the THORPEX Executive
Board manages day-to-day activities of the IPO. He/she reports to the Director of AREP
Department and to the ICSC accordingly.
Consistent with financial constraints imposed , the IPO is currently staffed with the Manager, a
seconded expert from China and two part time consultants
2.

The THORPEX Boards and Working Groups

Chairs or Co-chairs of the Advisory Boards and Working Groups were approved in late April 2005
by the ICSC Chairman. Based on proposals from the IPO Manager, co -chairs and input from
WMO Members, the ICSC approved the Board and Working Group membership (given in
CAS-XIV/Doc. 12. No proposals for the Stakeholders’ Advisory Panel were made and it is not yet
necessary to establish a “Major Campaigns Coordination” group.
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The Executive Board is responsible for the day-to-day execution of THORPEX on behalf of the
ICSC. Its role is to coordinate programme activities and to ensure the implementation of
THORPEX in accordance to the TIP. The Executive Board, chaired by the Executive Director,
consists of the representatives of the ICSC, Chair or Co-chairs of the Working Groups, Regional
Committees. In addition it is planned, as a matter of course, to invite observers from both the
Science Advisory Board and the Technical Advisory Board to participate in the meetings of the
Executive Board.
The Executive Board (EB-1) met in Geneva on 1 and 2 September 2005 and agreed on the initial
actions that were required to implement the THORPEX plans.
The GIFS-TIGGE working group met in the NCAR in Boulder Colorado (15-16 November 2005).
Although most the other of the working groups and Boards have not yet met the members are
considering priority areas of work. All the Working Groups will be invited to the University of
Reading to participate in a three -day (20 to 22 March 2006) "kick-off" mini-workshop. Side meetings of each working group would be an integral part of the workshop. In addition, all the
Regional Committees will be invited to participate in the workshop. Immediately after the
workshop, the first meetings of the THORPEX Science Advisory Board (SAB) and the THORPEX
Technical Advisory Board (TAB) will be held (23-24 March 2006).
Because the societal elements of the THORPEX programme are the least well developed a
meeting of the SEA Working Group will be held in January 2006.
The Regional Committees (Asian, European and North American) are “up and running” but now
need to ensure that plans for future work are coordinated. It is expected that following the
Southern Hemisphere planning meeting (November 2005, Melbourne) and the pre -CAS
conference (February 2006, Cape Town) a Regional Committee for the Southern Hemisphere will
be established and a draft plan finalized.
3.

Developments and activities - highlights
Status of TIGGE

TIGGE, the THORPEX Interactive Grand Global Ensemble, is a key component of THORPEX.
The first TIGGE workshop was held on 1-3 March 2005 in the ECMWF. Sixty scientists, from
international organizations, national and regional meteorological and hydrological services,
universities and private companies, attended the workshop. The workshop discussed the scientific
aims, user requirements and infrastructure for TIGGE data bases and Centres. The report of the
workshop has been posted on the WMO Website and has been published in the WMO series
WMO/TD-No. 1273 WWRP/THORPEX No. 5. Three centres (CMA, ECMWF and NCAR) have
indicated willingness to become TIGGE Data Centres.
The key objectives of TIGGE are:
Ø Enhanced international collaboration between operational centres and universities on the
development of ensemble prediction;
Ø Development of new methods of combining ensembles of predictions from different sources
and of correcting for systematic errors (biases, spread over-/under-estimation);
Ø Increased understanding of the contribution of observation, initial and model uncertainties
to forecast error;
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Ø Increased understanding of the feasibility of employing, operationally, an interactive
ensemble system which responds dynamically to changing uncertainty (including the use of
adaptive observing, variable ensemble size, on -demand regional ensembles) and which
exploits new technology for grid computing and high -speed data transfer;
Ø Evaluation of the elements required of a TIGGE Prediction Centre to produce ensemble based predictions of high-impact weather, wherever it occurs, on all predictable time
ranges;
Ø Development of a prototype future Global Interactive Forecasting System.
Technical meetings for the representatives of potential TIGGE Data Centres and for providers of
global data were be held at ECMWF during the Autumn 2005 and reports from these meetings
were reviewed by the GIFS-TIGGE Working Group which met in at NCAR in Boulder (15 to
16 November 2006).
The THORPEX Contribution to the International Polar Year 2007-2008
The THORPEX contribution to the IPY has been developed by Thor Erik Nordeng (Norwegian
Meteorological Institute) and David Parsons (NCAR) with the close involvement of several
European countries, Canada, the USA, Russia, New Zealand, Australia, Japan, ECMWF and
EUMETNET. The primary activity proposed is the development of improvements to numerical
weather forecasting and climate simulations by exploitation of in -situ, airborne remote -sensing and
satellite data, advanced modelling systems and basic research into polar processes and into polarglobal interactions. The field activities will be located primarily in the Arctic, but also in the
Antarctic and in the western Pacific - the latter to investigate polar-global connections.
THORPEX Regional Campaigns (TReCs)
ATReC
Many groups are actively working with data taken during the Atlantic TReC (ATReC), OctoberDecember 2003.
Future campaigns
The Asian, European and North American Regional Committees are developing plans for regional
campaigns in 2007 and 2008. Brief details of these campaigns are described in the following three
paragraphs.
Asian TReC
Plans for an Asian TReC on Tropical Cyclone Tracks are being developed for the 2008 typhoon
season. One key aspect would be the issue of recurvature. The campaign would explore the
value of sequentially using global ensembles, subsequent targeting including the deployment of
new or refined measurement techniques and the refinement of the ensemble forecasts with
regional NWP models incorporating the additional measurements.
European TReC
Several major research activities relating to summertime high impact weather are planned for the
year 2007, most importantly the WWRP forecast demonstration project occurring as part of MAP,
and the international field experiment COPS. The European Region Committee are proposing to
initiate ETReC 2007, to support these programmes, link them and leverage their efforts to
contribute to THORPEX scientific goals.
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Pacific Asian Regional Campaign (PARC) 2008
The concept of a Pacific Asian Regional Campaign (PARC) 2008 is being developed as a result of
a workshop held in Seattle in June 2005 and the subsequent continuing dialogue between the
NARC and the ARC. The proposed campaign could begin in August 2008 and in this case would
coincide with the IPY and with a campaign to take additional measurements in support of the
Beijing Summer Olympics (including Asian measurements in the vicinity of typhoons and perhaps
over the Asian continent) and could continue into the November-December time-frame to study
tropical cyclone tracks, extra-tropical transitions, tropical warm-pool physics and down -stream
propagation.
The THORPEX Southern Hemisphere planning meeting
The fifth session of the ICSC (ICSC-5) was preceded by a THORPEX Planning meeting for
Southern Hemisphere countries (28-29 November 2005). The main outcome of this workshop was
a draft plan for the participation of Southern Hemisphere nations in THORPEX.
A follow-up conference to promote the global activities of THORPEX and to develop further the
plan for THORPEX activities in the Southern Hemisphere is scheduled for South Africa (13 to
15 February 2006).
THORPEX and the establishment of close links to the SSC for the WWRP and
CAS/JSC Working Group on Numerical Experimentation (WGNE)
The world-wide academic and operational NWP community have well established research and
meeting programmes for modelling and data assimilation, and many of the THORPEX Working
Groups should seek to complement and strengthen the work being carried out in support the
WWRP and the WCRP, particularly that of the CAS/JSC Working Group on Numerical
Experimentation (WGNE). To this end, THORPEX sessions were embedded within the recent
meetings of the SSC for WWRP and of the WGNE in which the co-chairs of these Working Groups.
JSC/WCRP is represented in THORPEX ICSC by Mr Jagadish Shukla (member of JSC/WCRP
and chair of the WCRP Modelling Panel).
Intersection with Climate Prediction
A proposal for THORPEX and WCRP to develop jointly a unified global weather and climate
prediction system for predictions for one day to seasons has been made by Mel Shapiro and
Jagadish Shukla. The proposal is described in CAS-XIV/Rep. 9.2 and CAS-XIV/INF. 5.
At its first meeting the EB decided that a THORPEX/WCRP (COPES) workshop on the
organization and maintenance of Tropical Convection and the MJO should be organized. The
workshop is defined in CAS -XIV/Rep. 9.2.
Finally, the Manager of the IPO has been invited to participate in the WCRP panels on modelling
and observations.
THORPEX and MEDEX
The 2005 meeting of MEDEX was held on the 4 October 2005 at Rethymnon, Crete. It was
preceded by the first meeting of the MEDEX Core Steering Committee. The main topic of this
meeting was the relationship between MEDEX and THORPEX. It was agreed that MEDEX should
become an integral part of the THORPEX programme and play a full part in the European Regional
Committee and Plans. It was also recognized that because of the strong North African dimension
to MEDEX, links with other Regional Committees may well be necessary. This would become
clearer when the organization for THORPEX in the southern hemisphere was decided.
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Concerning activities it was noted that the MEDEX database is progressing well but more
collaboration is need from several institutions. The results from the case studies (aimed at better
understanding physical processes) are being drawn together into a report. This will include results
from the observational, theoretical and numerical studies.
Sensitivity studies have been carried out on a number of cases and in a systematic way to try to
establish the climatology of the sensitivity for cyclones producing high impact weather in the
Mediterranean. This work will be extended to cover cases of high impact weather associated with
both intense and weak cyclonic circulations.
It was recognized that the societal and economic research components should proceed in closer
collaboration with the SEA WG of THORPEX. Much information has been collected and in some
counties (for example Croatia) information is organized in a systematic way; however further
exchange and collation is nee ded.
Finally, there was discussion about the future content, scope and funding of MEDEX. Whilst no
firm conclusions were drawn it was recognized that the second phase of MEDEX must proceed in
concert with other closely related European activities such as the possible 2007/8 E-TReC.
THORPEX and AMMA
The THORPEX Executive Board (EB) recommended that:
Ø There should be a good linkage between the informal THORPEX-AMMA group and the EB;
Ø That there should be a role for the THORPEX Working Groups in the scientific aspects of
AMMA;
Ø Operational centres should be involved in carrying out parallel runs during the AMMA field
campaign.
These recommendations have been addressed as follows:
Florence Rabier’s membership of both the DAOS WG and the core THORPEX-AMMA Group will
enable her to report on the activities at EB meetings.
For many of the THORPEX Working Groups, links are already in place as a result of joint
membership of the AMMA-THORPEX Working Groups and THORPEX Working Groups.
Contacts have been made with ECMWF, NRL, NCEP and the UKMO about both sensitive area
calculations and data impact studies. All these centres have expressed interest in doing both
sensitive area calculations and data impact studies, if funding/resources are available. The
ECMWF has AMMA funding to do data impact studies.
Link to the Group on Earth Observations (GEO)
The GEO Secretariat has now transferred to Geneva from Washington and Jose Achache
appointed Director. An Executive Committee has been formed with global representation and
working groups are being set-up. In preparation for GEO-II held in Geneva from 14 -15 December,
the GEO Secretariat have been developing the GEO 2006 Work Plan, associated budget and
supporting documentation. The current version of the 2006 Work Plan is ambitious and envisages
an overall budget of some CHF 14 million. It is not clear if the necessary resources will be made
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available by participating countries. Some significant de-scoping/prioritization may be necessary
ahead of (or at) the GEO-II meeting.
The THORPEX IPO has been working closely with the GEO Secretariat to prepare those aspects
of the Work Plan directly related to THORPEX activities and objectives. These cover a wide range
of topics. For each of the individual areas the IPO has prepared (in conjunction with the GEOSEC)
Task Sheets which provide details on the work to be performed, timescales, responsibilities,
deliverables and priorities. In summary, the following areas are covered (reference numbers given
are GEO documentation Task identifiers).
(i)

Data Management (DA-06-03).

This task relates to promoting the wider use of the assimilation techniques and ensemble
prediction methodology developed in meteorology in other disciplines. It will involve convening a
forum for exchange of ideas etc., and possibly a programme for the transfer of ‘know- how’ to be
developed with assistance from the TIGGE WG.
(ii)

Capacity Building (CB-06-04)

The objective here is to design multi–media training modules to communicate the levels of risk to
the public enabling them to make better informed decisions associated with GEO societal benefit
areas, including food and water security, health, disasters, weather and climate.
(iii)

Health (HE-06-03)

This task will involve facilitating formation of international consortia (and identifying funding) for the
implementation of major demonstration pilot-projects integrating Earth observations, health and
epidemiological as well as socio-economic data. As a priority: to support a project (initiated by
THORPEX) which will focus on the use of advanced weather and climate ensemble forecasting
methods to develop and improve the predictability of major health hazards and impacts in
developing countries.
(iv)

Energy (EN-06-03)

The intention is to organize a demonstration project utilizing ensemble forecasting techniques to
improve energy management - particularly when linked to hydro-power and making use of the
TIGGE data base.
(v)

Weather (WE-06-03)

This task relates directly to the further evolution and maintenance of the TIGGE activities and
database. It engages GEOSEC in advocating funding for the implementation of the THORPEX
Interactive Grand Global Ensemble, facilities development (through THORPEX) of a prototype
global operational multi-model ensemble prediction system for weather and climate, and working in
close cooperation with the THORPEX IPO to co-sponsor a workshop in the last quarter of 2006 on
the current status and uses of the TIGGE databases.
(vi)

Weather (WE- 06-06)

This task is important if the full benefits of the TIGGE work and THORPEX generally are to be
realised operationally. It involves identifying obstacles to free access and exchange of relevant
NWP products and observations. This has been a difficult and sensitive area for GEO in the past
but it is one that must addressed at a high level if it is to be resolved satisfactorily.
(vii)

Agriculture (AG-06-05)
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An important activity to be initiated by THORPEX involves the use of advanced weather and
climate forecasting methods to develop and improve the predictability of food supplies in Africa.
Initially this will focus on West Africa and will include close collaboration with WMO/AgM and
national entities in the region. It envisages a workshop in the second half of 2006 to promote the
exchange of ideas and results between scientists from the agricultural and geophysical
communities on agricultural early warning systems.
These tasks represent a very important and wide -ranging contribution from THORPEX to the GEO
initiative and they will also mandate (if approved by GEO) assistance and support from the
GEOSEC to THORPEX for their successful completion. In many instances the activities will just
start in 2006 and carry on into future years so the GEO 2006 Work Plan does not represent only
the work to be completed in 2006. Of course, as noted earlier, resource constraints imposed on
the GEOSEC may limit their ability to pursue such a wide ranging and ambitious agenda.
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AGENDA ITEM 7.3 – TROPICAL METEOROLOGY RESEARCH PROGRAMME
CAS-XIV/Rep. 7.3
THE REPORT OF THE CHAIRMAN OF WGTMR
The Tropical Meteorology Research Programme is aimed at the promotion and coordination of
research activities by Members in high priority areas of tropical meteorology. The emphasis is on
the weather system scale, except for monsoons and drought related studies, which emphasize
variability and prediction at the regional and seasonal scale.
The CAS Working Group on Tropical Meteorology Research held its quadrennial session in
Shenzhen, China from 12 to 16 December 2005, with the main tasks: (i) to review the progress and
development in the area of tropical meteorology in the past four years (2002-2005); (ii) to discuss
the future strategies, including development of the research cooperation with other international
programmes; and (iii) to discuss preliminary thoughts, strategies and plan for IWTC-VI which will
be held in Costa Rica in 2006.
Project TC1 (Tropical cyclone motion and intensity)
The WMO Secretary-General stated in his address to the recent World Conference on Disaster
Reduction in Kobe, Japan, that natural disaster reduction is at the core of the mission of WMO and
its 187 members. The first item in his list of disasters was tropical cyclones.
The Fifth International Workshops on Tropical Cyclones (IWTC-V) (Cairns, Australia,
December 2002) made recommendations related to achieving improved observations, analyses,
and forecasts of the tropical cyclone landfall process.
The preparation of the Sixth International Workshop on Tropical Cyclones (IWTC-VI) is well under
way. IWTC-VI will be held in San Jose, Costa Rica from 20-30 November 2006, at which the
essential character of the interaction between forecasters and researchers will be maintained.
Extratropical Transition of tropical cyclones remains also one of the centre focuses in the IWTC
series. In this connection, the Second International Workshop on Extratropical Transition (IWET -II)
was held in Halifax, Canada in December 2004 with the co-sponsorship of WMO. The WMO
International Workshop on Tropical/Extratropical Interactions Incorporating IWET-III was held in
Perth, Australia from 5 to 9 December 2005. The major objective of the workshop was to improve
the forecast of the tropical cyclone activities in the mid -latitude .
Project TC2 (Scientific Assessment of Climate Change Effects on Tropical Cyclones)
The quadrennial updates of the statement on assessment of tropical cyclones and global climate
change are scheduled in conjunction with future IWTCs.
The Steering Committee for Project TC2 submitted a brief report. The report discussed the fact
that major advances have been made internationally on understanding, detection and attribution of
anthropogenic climate change. Despite these advances the impact of a warme r climate on tropical
cyclone activity remains one of the areas of more uncertainty.
The report also noted that during the recent two years there have been a number of major
developments including a weather system with some tropical-cyclone like features made landfall in
Brazil, devastation and loss of human life due mainly to the storm surge of hurricane Katrina in
New Orleans, and the publication of two high profile articles in the journals, "Nature" and
"Science", documenting an apparent increase in fre quency of the most intense storms.
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In response to these developments a major report is being prepared by Project TC2 to be
presented for ratification at IWTC-VI. Given the importance of this issue the WG recommends that
a higher profile be given to Project TC2, and a CAS Panel for Climate Change Impacts on Tropical
Weather Systems be established within the WGTMR.
Project TC3 (Landfalling Tropical Cyclones)
It was recognized that great challenges exist for improving the prediction of tropical cyclone landfall
and the WG welcomed the close collaboration between the World Weather Research Programme
and the Tropical Meteorology Research Programme in this initiative.
In order to improve understanding and forecasting of tropical cyclone landfall, the WG successfully
organized the first International Workshop on Tropical Cyclone Landfall Processes (IWTCLP-I) in
Macao, China from 21-25 March 2005, with the main objective being to share the experiences and
research results from the aspects in: (i) tropical cyclon e field programmes which had been
launched in different regions around the world; (ii) tropical cyclone structure, intensity and track
change when it approaching the land; (iii) rainfall, winds and storm surge associated with
landfalling tropical cyclone; (iv) tropical cyclone formation; (v) impact of topography on the
behavio ur of tropical cyclones; and (vi) forecasting techniques on tropical cyclone landfall. Four
future cooperative projects were recommended by the Workshop participants: (1) model
intercomparison for predictions of tropical cyclone landfall; (2) a forecast demonstration project for
tropical cyclone landfall in the eastern Asia region (tentatively proposed to be Philippines); (3) an
Asian THORPEX advanced forecast guidance project that would include a targeted observation
field experiment, advanced data assimilation technique s, and ensemble prediction systems from
multiple countries; and (4) a focus on extratropical transition of tropical cyclones in conjunction with
the Pacific THORPEX Reg ional Campaign and the International Polar Year in 2008.
Four priority areas had been identified in IWTCLP, i.e., further improvements in track forecasts,
rainfall distribution and amount following tropical cyclone landfall, structure/intensity change , and
storm surge .
Several field programmes for landfalling tropical cyclones, including “Australia Tropical Cyclone
Coastal Impact Programme” (ATCCIP), “Canadian Field Experiments on Transitioning Tropical
Cyclones”, “China Landfalling Typhoon Experiment” (CLATEX), and US Coupled Boundary Layer
Air-Sea Transfer (CBLAST), provided a better understanding of the key physical processes for
structure/intensity change as well as motion, sustaining, dissipating, precipitation of tropical
cyclones during their landfalling, which led to improved predictions.
Project M1 (Research Initiatives on the East-Asian Monsoon)
The International Panel on East Asia Monsoon (IPEAM) chaired by Prof. C.P. Chang (Naval
Postgraduate School, USA) played a leading role in the editing and publication in English of the
book series on Meteorology of East Asia to promote the dissemination of East Asian
meteorological research in the broader community, and in organizing the Third International
Workshop on Monsoons (IWM-III) (Hangzhou, China, November 2004) with support from
Projects M1, M2 and M3, which was attended by more than 100 monsoon researchers and
forecasters from around the world.
The WMO Technical Document 1266 (TMRP Report 70) entitled “The Global Monsoon System:
Report of the IWM-III” has been published and distributed, which is also available on the Web at:
http://www.wmo.int/web/arep/tmrp/REPORTS/global_monsoon_system_IMW3.pdf
China is planning a post-SCSMEX programme , called the East Asian Monsoon Experiment
(EAME) under the auspice of the Project M1. International cooperation will be invited for better
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development of the programme. China has made a proposal to WMO to establish an Ea st Asian
Summer Monsoon Activity Centre in Beijing. The centre will be dedicated to the research on the
evolution and peculiarities of the East Asian monsoon.
Project M2 (Long-term Asian/African Monsoon Studies)
An important role of the Monsoon Activity Centres in New Delhi (India), Kuala Lumpur (Malaysia)
and Nairobi (Kenya) in support of Project M2 (Long-term Asian/African Monsoon Studies) has been
to improve the understanding and prediction of the Summer/Winter Monsoon onset, intensity and
variability.
The Seventh WMO Regional Workshop on Asian/African Monsoon Emphasizing Training Aspects
was successfully held in the WMO Regional Training Centre in Nanjing, China from 26 30 October 2004. The workshop was chaired by Prof. Lianshou Chen, and attended by
13 lecturers and 28 registered participants from Bangladesh , Brazil, India, Indonesia , Hong Kong
China, Kenya, Malaysia, Nepal, Pakistan, People’s Republic of China, Tanzania , Thailand and
Viet Nam, with , as the main objectives: (i) to keep meteorologists from monsoon-affected countries
aware of the latest developments in Asian/African monsoon research based on lectures presented
by invited lecturers; (ii) to provide training for participants on practical aspects of climatological and
synoptic monsoon prediction with a particular emphasis on intra-seasonal variability of monsoon;
and (iii) to provide a forum for research and operational experts from the three Monsoon Activity
Centres, as well as from other countries, to discuss specific monsoon problems and the future
direction of monsoon related research.
Under the auspices of Project M2 an e-mail discussion list has been established to discuss
monsoon forecasting. This has been done on a voluntary basis by Mr Bill Thorson (USA) who also
runs the highly successful Tropical Storms e-mail list, restricted to researchers and forecasters in
the field.
Project M3 (American Monsoon Studies)
Project M3 enabled CAS support of activities developing in the Americas on monsoon studies, in
coordination with the CLIVAR/GOALS components of the WCRP. The component of CLIVAR with
closest correspondence to Project M3 is VAMOS (Variability of the American Monsoon System Project G3), to improve the understanding of the American monsoon system, its relationship with
the global system and its variability in several time -scales, and to improve intra-seasonal to interannual climate prediction, with emphasis on summer precipitation.
The Project M3 has active involvements in an international process study, the North American
Monsoon Experiment (NAME), and another internationally coordinated programme, the Monsoon
Experiment South America (VAMOS/MESA).
The WG recommended that the Project M3 should establish a regular collaboration with
CLIVAR/VAMOS in order to encourage collaborative research activities in the Americas and
promote dissemination of knowledge and methodologies, and continue participation in the MESA
SWG, collaborating in the definition of scientific priorities for MESA.
Project AZ1 (Tropical Droughts and Re lated Rain Producing Systems, including the ITCZ)
Concerning Project AZ1, the WG noted that the current project was in need of new directions.
Consequently, the WG decided to establish a new steering committee to develop the research
activities in this area.
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Project LAM1 (Application of limited-area modelling to tropical countries)
The WG was pleased to note the developments of operational limited area NWP models with
6-30 km horizontal resolutions in some operational forecast centers, and higher resolution (less
than 10 km) non -hydrostatic meso-scale configuration for predicting short range severe weather
events, with 4D-Var data assimilation, the implementation of limited -area ensemble prediction
systems in operational NWP and tropical forecast in some operational services, and the
development of two-way nested models for typhoon prediction, typhoon -ocean coupled models,
and typhoon ensemble forecast systems in tropical NWP.
Several international symposia and workshops such as the International Workshop on NWP
models for heavy precipitation in Asia and Pacific areas was held at JMA from 4 to
6 February 2003, the International Workshop on Very-short-range Forecasting of Severe Weather
held at JMA from 15 to 17 December 2004, and the WWRP Invited Experts Workshop on a
Proposed Hydrometeorological Test-bed held at NCEP from 17 to 19 May 2005 .
Several training courses such as the International Training Seminar on Typhoon Monitoring and
Forecasting in the Western North Pacific was held at the RSMC Tokyo -Typhoon Centre, JMA from
12 to 27 February 2004, the Group Training Course in Meteorology held in JMA every year, the
Typhoon Roving Seminar held in Seoul, Republic of Korea, from 20 to 21 October 2003, and the
Typhoon Roving Seminars held in Beijing, China, from 22 to 24 November 2004, and in Kuala
Lumpur, Malaysia, from 25 to 27 November 2004 with the support of WMO.
The WG noted with appreciation the official launch of the Website by RSMC on Numerical
Typhoon Prediction (NTP) under the auspice of the TMRP to provide predictions of tropical cyclone
tracks in the Western North Pacific performed by the models of major NWP centres in the world to
assist the NMHSs of the Typhoon Committee Members in better tropical cyclone forecasting and
warning services.
The WG also noted the implementation of limited-area ensemble prediction systems in operational
NWP and tropical forecasts in some operational services, and development of two -way nested
models for typhoon prediction, typhoon-ocean coupled models, and typhoon ensemble forecast
systems in tropical NWP.
Other activities related to TMRP
The joint field experiments for the Bay of Bengal Monsoon Experiment (BOBMEX) and Arabian
Sea Monsoon Experiment (ARMEX), under the auspice of TMRP, has enabled scientists to
understand the physical processes responsible for variability of the monsoon on different time scales in tropical meteorology, and investigate the links between monsoon variability and critical
resources such as agricultural productivity.
In response to the statement by the Secretary-General of WMO to the World Conference on
Disaster Reduction in Kobe, Japan, an International Workshop on Disaster Reduction related to
Tropical Weather Systems and a WMO Training Workshop on Prevention and Preparedness on
Tropical Cyclone Related Disasters are planned in 2006-2007 .
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AGENDA ITEM 7.3 (1) – TROPICAL METEOROLOGY RESEARCH PROGRAMME
CAS-XIV/Rep. 7.3 (1)
Statement on Tropical Cyclones and Climate Change
Submitted to CAS-XIV under Agenda Item 7.3 by Australia
Prepared by the TMRP's Steering Committee for Project TC-2: Scientific Assessment of
Climate Change Effects on Tropical Cyclones. February 2006
PURPOSE:
To provide an updated assessment of the current state of knowledge of the impact of
anthropogenically induced climate change on tropical cyclones.
BACKGROUND:
The WMO CAS Tropical Meteorology Research Program has undertaken a series of assessments
of the potential influence of climate change on global tropical cyclone activity. The most recent was
publish ed in the Bulletin of the American Meteorological Society by Henderson - Sellers et al (1998)
and had the following major conclusions:
•
Whilst there was evidence of substantial multidecadal variability (particularly for intense
Atlantic hurricanes), there wa s no clear evidence of long-term trends;
•
The Maximum Potential Intensity of cyclones will remain the same or undergo a modest
increase of up to 10 -20%. These predicted changes are small compared with the observed
natural variations and fall within the uncertainty range in current studies;
•
Little can be said about the potential changes of the distribution of intensities as opposed to
maximum achievable intensity;
•
Current knowledge and available techniques are not able to provide robust quantitative
indications of potential changes in tropical cyclone frequency;
•
The broad geographic regions of cyclogenesis and therefore also the regions affected by
tropical cyclones are not expected to change significantly;
•
The modest available evidence points to an expectation of little or no change in global
frequency. Regional and local frequencies could change substantially in either direction,
because of the dependence of cyclone genesis and track on other phenomena (e.g. ENSO)
that are not yet predictable;
•
The rapid increase of economic damage and disruption by tropical cyclones has been
caused, to a large extent, by increasing coastal populations, by increasing insured values in
coastal areas and, perhaps, a rising sensitivity of modern societies to disruptions of
infra structure.
A number of high -impact tropical cyclone events have occurred throughout the globe during 2004
and 2005, including:
•
Ten fully developed tropical cyclones made landfall in Japan in 2004, causing widespread
damage.
•
Southern China experienced much below-normal tropical cyclone landfalls and
subsequently suffered a severe drought;
•
Four major hurricanes caused extensive damage and disruption to Florida communities in
2004;
•
In March 2004 southern Brazil suffered severe damage from a system that h ad hurricane
characteristics, the first recorded cyclone of its type in the region;
•
Five fully developed cyclones passed through the Cook Islands in a five week period in
February-March 2005;
•
The 2005 North Atlantic Hurricane Season broke several records including number of
tropical cyclones, number of major hurricanes making landfall and number of category 5
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hurricanes. In particular, the landfall of Hurricane Katrina at New Orleans and Mississippi
caused unprecedented damage and more than 1300 deaths.
The IPCC Third Assessment Report concluded that "most of the observed warming over the last
50 years is likely to have been due to the increase in greenhouse gas concentrations." There is
now additional supporting evidence for this conclusion. There is strong and growing evidence that
a warming signal has penetrated into the global oceans over the past 40 years and was likely
caused primarily by anthropogenic forcing. At the regional scale, sea surface temperatures in the
major tropical ocean basins have warmed, with a likely substantial contribution from anthropogenic
forcing indicated in several of the basins. Further, two scientific papers appeared during 2005 in
highly visible journals (Nature and Science ) providing evidence for an increase in the number of
the intense cyclones.
This combination of events has led to statements in the world press that the recent hurricane
disasters can be directly attributed to the impact of global warming.
Hence it is appropriate that the Tropical Meteorology Research Program Panel of Experts make a
statement to guide member countries. The membership of this panel includes two of the authors of
the Nature and Science papers, as well as prominent tropical cyclone researchers from USA,
Australia, UK and China:
Dr. John McBride, Dr Jeff Kepert (Australia)
Prof. Johnny Chan (Hong Kong, China)
Julian Heming (United Kingdom)
Dr. Greg Holland, Professor Kerry Emanuel, Thomas Knutson, Dr Hugh Willoughby, Dr. Chris
Landsea (USA)
STATEMENT ON TROPICAL CYCLONES AND CLIMATE CHANGE:
We consider that the following conclusions of Henderson -Sellers et al (1998) remain valid:
•
Current knowledge and available techniques are not able to provide robust quantitative
indications of potential changes in tropical cyclone frequency;
•
The modest available evidence points to an expectation of little or no change in global
frequency. Regional and local frequencies could change substantially in either direction,
because of the dependence of cyclone genesis and track on other phenomena (e.g. ENSO)
that are not yet predictable;
•
The rapid increase of economic damage and disruption by tropical cyclones has been
caused, to a large extent, by increasing coastal populations, by increasing insured values in
coastal areas and, perhaps, a rising sensitivity of modern societies to disruptions of
infrastructure.
However, further elaboration is required on the conclusions by Henderson-Sellers et al. relating to
changes in cyclone intensity. Whilst there is substantial debate on this topic, we consider that the
following statements can be made:
A. No single high impact tropical cyclone event of 2004 and 2005 can be directly attributed to
global warming, though there may be an impact on the group as a whole;
B. Emanuel (2005) has produced evidence for a substantial increase in the power of tropical
cyclones (denoted by the integral of the cube of the maximum winds over time) during the
last 50 years. This result is supported by the findings of Webster et al (2005) that there has
been a substantial global increase (nearly 100%) in the proportion of the most severe
tropical cyclones (category 4 and 5 on the Saffir-Simpson scale), from the period from 1970
to 1995, which has been accompanied by a similar decrease in weaker systems.
C. The research community is deeply divided over whether the results of these studies are
due, at least in part, to problems in the tropical cyclone data base. Precisely, the historical
record of tropical cyclone tracks and intensities is a byproduct of real-time operations. Thus
it's accuracy and completeness changes continuously through the record as a result of the
continuous changes and improvements in data density and quality, changes in satellite
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remote sensing retrieval and dissemination, and changes in training. In particular a step function change in methodologies for determination of satellite intensity occurred with the
introduction of geosynchronous satellites in the mid to late 1970’s.
The division in the community on the Webster et al and on the Emanuel papers is not as to
whether Global Warming can cause a trend in tropical cyclone intensities. Rather it is on
whether such a signal can be detected in the historical data base. Also it can be difficult to
isolate the forced response of the climate system in the presence of substantial decadal
and multi-decadal natural variability, such as the Atlantic Multi-decadal Oscillation.
Whilst the existence of a large multi-decadal oscillation in Atlantic tropical cyclones is still
generally accepted, some scientists believe that a trend towards mo re intense cyclones is
emerging. This is a hotly debated area for which we can provide no definitive conclusion. It
is agreed that there is no evidence for a decreasing trend in cyclone intensities.

Besides the above comments on tropical cyclone intensity, based on the published, literature it is
appropriate to make the following additional statements:
•
The geographical extents of the existing regions of cyclogenesis and the existing regions
affected by tropical cyclones still are not expected to change significantly. However,
superimposed on the multi-decadal fluctuations, interannual variations such as the El Niño Southern Oscillation (ENSO) are a major influence on cyclone development and the
subsequent paths in most parts of the world. There is no consensus among current climate
models regarding how ENSO variability may change in the future, although any such
changes in ENSO would be expected to alter Tropical Cyclones regionally.
•
In the context of changing regions of cyclogenesis, we note the debate concerning the
hurricane -like system in the South Atlantic, but consider no conclusions can be made
based on a single system.
•
A robust result in model simulations of tropical cyclones in a warmer climate is that there
will be an increase in precipitation associated with these systems (for example, Knutson
and Tuleya, 2004). The mechanism is simply that as the water vapor content of the tropical
atmosphere increases, the moisture convergence for a given amount of dynamical
convergence is enhanced. This should increase rainfall rates in systems (viz tropical
cyclones) where moisture convergence is an important component of the water vapor
budget. To date no observational evidence has been found to support this conclusion; so
no quantitative estimate can be given for the anticipated rainfall increase without further
research.
•
While demographic trends are the dominant cause of increasing damage by tropical
cyclones, any significant trends in storm activity would compound such trends in damage.
•
Projected rises in global sea level are a cause for concern in the context of society’s
vulnerability to tropical cyclones. In particular for the major cyclone disasters in history the
primary cause of death has been salt-water flooding associated with storm surge.
•
Beca use of the problems of the tropical cyclone databases utilized for studies on trends in
these extreme events, there is an immediate need to conduct an in -depth storm-by-storm
reanalysis of tropical cyclones in all basins. Currently, a reanalysis is underway only for the
Atlantic basin.
•
The research issues discussed here are in a fluid state and are the subject of much current
investigation. Given time the problem of causes and attribution of the events of 2004 -2005
will be discussed and argued in the refe reed scientific literature. Prior to this happening it is
not possible to make any authoritative comment.
FURTHER ACTION:
The Project TC-2 Committee will produce an update to the Henderson-Sellers et al paper
documenting the state of the science, explaining the basic principles, and outlining the sources of
disagreement. This will be presented for discussion and ratification at the Sixth International
Workshop on Tropical Cyclones (IWTC-VI) to be held in Costa Rica in November 2006.
Subsequently it will appear as a WMO TMRP Report and be submitted to the refereed literature.
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AGENDA ITEM 7.4 – NUMERICAL EXPERIMENTATIONS, INCLUDING THE REPORT BY THE
CHAIR OF THE WORKING GROUP
CAS-XIV/Rep. 7.4

REPORT OF THE CHAIRMAN OF WGNE
(the JSC/CAS Working Group on Numerical Experimentation)
ATMOSPHERIC MODELLING ACTIVITIES IN SUPPORT OF CAS
1.

Role of WGNE in support of CAS and WCRP

WGNE, as a joint working group of the JSC and CAS, has the basic responsibility of fostering the
development of atmospheric models for use in weather prediction and climate studies on all space
and timescales. In the WCRP, WGNE together with the WCRP Working Group on Coupled
Modelling, are at the core of the global modelling effort. There is clearly a need for close contact
and coordination between WGNE and WGCM and, to this end, the Chairman of WGNE
participates in an ex-officio capacity in WGCM sessions. WGNE also works in close conjunction
with the WCRP Global Energy and Water Cycle Experiment (GEWEX) in the development of
atmospheric model parameterizations, and WGNE sessions are held jointly with those of the
"GEWEX Modelling and Prediction Panel" (GMPP).
WCRP has introduced a new strategic framework called COPES (Coordinated Observation and
Prediction of the Earth System). As part of the structural changes necessitated by COPES, a
WCRP Modelling Panel (WMP) of which the WGNE Chair is a member, and a WCRP
Observations and Assimilation Panel (WOAP) (on which WGNE is represented) have been set up,
overseen by the JSC.
With regard to the WGNE role in support of CAS, the increasing collaboration with the World
Weather Research Programme (WWRP) is of particular importance, notably the involvement in the
planning and implementation of THORPEX, a Global Atmosphe ric Research Programme. The
Chairs of both Groups participate in ex-officio capacity in each other’s sessions as a further means
of promoting the collaboration. WGNE now has specific THORPEX sessions at its meetings.
Beyond this, the close relationship that exists between WGNE and operational (NWP) centres
underpins many of the activities by WGNE and it is the work of these centres that provides the major
impetus for the refinement of atmospheric models. As usual, WGNE sessions include reviews of
progress at operational centres in all aspects of NWP including data assimilation, numerical
methods, physical parameterizations, ensemble predictions, seasonal prediction, and verification of
precipitation and tropical cyclone track forecasts. WGNE also follows progress in various relevant
national initiatives such as the Frontier Research Programme for Global Change in Japan. The need
for good metrics for climate-type models is under discussion and WGNE noted that PCMDI is
already involved in developing metrics on applications. WGNE will discuss this further also in the
context of the new ‘unified’ prediction systems.
2.

Studies and comparisons of atmospheric model simulations

Model intercomparison exercises are a key element in meeting a basic WGNE objective of improving
models by identifying errors in atmospheric models and reducing or eliminating them.
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Atmospheric Model Intercomparison Project
The Atmospheric Model Intercomparison Project (AMIP), conducted by the Programme for Climate
Model Diagnosis and Intercomparison (PCMDI) at the Lawrence Livermore National Laboratory,
USA, with the support of the US Department of Energy has been an important and far-reaching
WGNE-sponsored intercomparison. The second phase of AMIP (AMIP-II) is coming to a close and
much of the data from these runs are available for a wide range of diagnostic sub-projects.
Climatological comparisons are available for nearly every standard AMIP model output field. Overall,
there have been progressive general improvements both in terms of the "median" model as well as
for many of the individual models. The simulation of interannual variability and performance in
specific geographical regions, as measured by global climatological statistics, also appear to be
more realistic. Regular updates of the overall status of AMIP, model integrations, diagnostic
subprojects are posted on the AMIP home page http://www-pcmdi.llnl.gov/amip .
WGNE congratulated PCMDI for undertaking and successfully completing the AMIP projects and
for creating a valuable infrastructure for processing model outputs at PCMDI and establishing
efficient data formats etc. for such exchanges of model simulations. AMIP2 is now closed, but
PCMDI diagnostics of all AMIP and CMIP runs are available. AMIP-type studies will continue as a
subset of CMIP in future.
‘Transpose’ AMIP
The goal of the Transpose AMIP is to obtain the benefits for climate model development and
evaluation that have been realized in weather prediction by using climate models as weather
forecasting tools, but without the huge costs of developing a complete NWP system. Initially the
climate models are applied at their relatively low application resolutions and are not expected to
make the best weather forecasts, however the approach will also encourage higher resolution
studies. The method allows direct comparison of parameterized variables such as clouds and
precipitation with observations from field programs such as ARM, early in the forecast while the
model state is still near that of the real atmosphere. This is in contrast to the more traditional
climate model statistical analysis based on the model simulated climate. In that approach the
parameterizations see the climate model state (with its inevitable biases etc.) rather than the true
observed state. Results from the NCAR/PCMDI project, CAPT, the prototype version of
"Transpose" AMIP developed for US modelling evaluation demonstrate the viability and utility of
this forecast approach for examining climate models and identifying avenues for improvement.
WGNE is making a formal proposal to the international climate modelling community (including the
AMIP mailing list) for an intercomparison Transpose AMIP.
Aqua-Planet Experiments
WGNE has endorsed an intercomparison, the Aqua-Planet Experiment (APE), being led by staff
from the University of Reading, NCAR and PCMDI. The details of the experiment and schedule
are available at http://www-pcmdi.llnl.gov/projects/amip/a pe/index.html
and http://www.met.reading.ac.uk/~mike/APE/ape_home.html. The experiment is designed to
provide a benchmark of current model behavior and to stimulate research to understand of
differences arising from: (1) different models; (2) different subgrid-scale parameterization suites;
(3) different dynamical cores; and (4) different methods of coupling. A Workshop has been held to
discuss the results, summarize current model behaviour and produce a summary of research
questions arising from the experiment.
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Regional climate modelling
A joint WGNE/WGCM RCM panel has examined the state -of-the-art in the field of regional climate
modelling and has considered a number of issues. These included the choice of domain size,
scale dependency of model parameterizations, consistency of simulated energy and water budgets
in inner and outer models, the care needed in handling the lateral boundary conditions, the
limitations imposed by the performance of the global driving model, and the
predictability/reproducibility of smaller scales simulated in regional climate models. The panel also
considered whether any coordinated or focussed experimentation should be organized (e.g.
"identical twin" experiments). The panel has now published a report on its findings.
The Chairman of this panel briefed WGNE about the joint WGNE/WGCM international Workshop,
‘High-resolution climate modelling: Assessment, added value and applications’ held in Lund,
Sweden. The Workshop focussed on the application of nested, limited-area models (LAM) for
regional-scale climate simulations and climate-change projections. Among the recurring themes at
the Workshop were the validation procedure and the identification of the added value beyond the
simple increase in resolution. The relative merits and limitations of various approaches used for
achieving high -resolution climate simulations (such as time slices of high-resolution GCM, variable resolution GCM and LAM), and the ensuing climate -change impact analyses were also discussed.
The Workshop was the forum for several proposals for collaborative endeavour which included:
(i) an inter-comparison project of regional-scale climate-change projections for North America,
NARCCAP; (ii) a “Transferability Working Group” (TWG; and (iii) a coordinated project exploiting
the protocol of the “Big-Brother Experiment” (BBE). An electronic version of the Workshop
proceedings is available from http://www.natgeo.lu.se/Lars.barring/RCMworkshop/RCMhome.htm.
WGNE also discussed results from SGMIP (Stretched Grid Model Intercomparison Project) noted
that this was a very promising approach to higher resolution regional simulations. It will continue to
monitor the developments in this area in its future sessions.
Model-derived estimates of ocean-atmosphere fluxes
Evaluation and intercomparison of global surface flux products (over ocean and land) from the
operational analyses of a number of the main NWP centres (the "SURFA" project) remains a
priority for WGNE. The atmospheric and coupled modelling communities and oceanographers
have very strong interest in advancing SURFA, which could provide a good opportunity for
progress in estimating and determining surface fluxes. Efforts are continuing through liaison with
the newly-formed WCRP Working Group on Surface Fluxes (WGSF) to address the requirements
of research, observations, analysis and modelling of surface fluxes within WCRP and closelyrelated programmes such as GODAE and GCOS. The importance of adhering to data standards
are noted with PCMDI and GODAE being active in this area.
3.

Physical parameterizations in models

WGNE’s close working relationship with GMPP (the GEWEX modelling and prediction panel),
provides the focus for the development, the refinement and evaluation of atmospheric model
parameterizations, notably those of cloud and radiation, land surface processes and soil moisture,
and the atmospheric boundary layer. The discussions at the joint meetings of WGNE and GMPP,
encompassing the GEWEX Cloud System Study (GCSS), the Global Land-Atmosphere System
Study (GLASS), the GEWEX Atmospheric Boundary Layer Study (GABLS), and the progress of
CEOP, are described in the reports of the GMPP and the GEWEX Scientific Steering Group. The
WGNE community provides comprehensive gridded output from global data assimilation systems
for CEOP and an increasing number of modeling groups are utilizing CEOP data in research and
development activities and this should lead to model intercomparisons during the CEOP period.
WGNE confirmed the value of the interaction with GMPP for parameterization work, particularly
with GCSS. A new GCSS Panel has been constituted, and a pan-GCSS meeting was held in
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May 2005 in Athens. This addressed clouds in the climate system, methodologies and metrics in
assessing models, the fundamental role of precipitation in cloud systems, and advances in the
representation of clouds in large -scale models. A joint WGNE/GCSS model intercomparison study
of a Pacific cross section to evaluate physical parameterizations along the atmospheric cross
section following the trade winds is in progress.
WGNE suggested that there be a follow up exercise over land, and noted that the study provides
an excellent opportunity to bring together NWP and climate modellers.
In addition to the above, WGNE routinely reviews progress and outstanding issues in
parameterization in general.
4.

Reanalysis and data assimilation

Reanalysis projects
The ERA-40 reanalysis at ECMWF is complete and experimentation in preparation for the “interim
reanalysis” has begun. This will run at least from 1989 onwards, with production beginning in late
2005. This will contain improvements that greatly alleviate identified deficiencies seen in ERA-40.
The set of medium-range forecasts run twice daily from the ERA-40 reanalyses has been
completed, and an “AMIP-style” simulation carried out for the ERA-40 period using the ERA-40
model and distributions of sea-surface temperature and sea ice. The ERA-40 publication series
now comprises more than 20 reports covering documentation of the data and of the data assimilation system and its performance, and results from users of the ERA-40 data.
The
reports
are
available
on -line
for
outside
users
(http://www.ecmwf.int/publications/library/do/references/list/192). A comprehensive atlas of the
atmospheric general circulation as depicted by ERA-40 has been produced in collaboration with
the Meteorology Department of the University of Reading.
The Japanese 25 -year Reanalysis Project (JRA-25, 1979-2004) is now finishing. Comparisons of
JRA-25 with other reanalyses shows that the known problems of excessive tropical ocean
precipitation seen in ERA-40 are not present. In general, precipitation in JRA-25 has much higher
correlation with precipitation in CMAP than ERA-40 and NCEP reanalysis.
WGNE reiterated its strong support for the reanalysis work, the desirability of maintaining a core of
experts without excessive duplication of effort and ensuring efficient phasing of these efforts.
Regional reanalyses such as for North America and possibly Europe are also reviewed by WGNE.
Earth System assimilation
The new developments in the assimilation of parameters pertinent to the Earth System but not
routinely analysed by current data assimilation systems are being monitored by WGNE. These
include analyses of greenhouse gases, aerosols and reactive gases. Earth system science such as
the GEMS (Global and regional Earth-system Monitoring using Satellite and in-situ data) project
will increasingly demand cross-project liaison within WCRP and CASt.
5.

Numerical weather prediction topics

WWRP and THORPEX
The most important cooperation between WGNE and the WWRP is in the planning and
implementation of THORPEX. Representatives from WGNE have participated in the International
Science Working Group considering the planning of THORPEX, the status of which was reviewed
at WGNE sessions. The Chairman of the Scientific Steering Group for the CAS World Weather
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Research Programme (WWRP) has participated in WGNE sessions and reports on progress in
implementing the programme. WGNE devotes a session to THORPEX, with presentations on the
general background and its progress, and its Science Plans. Whilst the commitment of the
operational NWP community was strong, WGNE considered that it remained a major challenge to
engage the academic community to a similar extent and encouraged the circulation of the draft
science plan to suitable members of academia for comment and to stimulate interest. WGNE
recognized that the THORPEX sub-structure of: (a) predictability and dynamics; (b) observing
systems; (c) data assimilation and observing strategies; and (d) societal and economic impacts,
neatly encompassed much of the interests of WGNE. It suggested that the Implementation Plan
(TIP) should recognize the fundamental importance of model development (both of the dynamical
cores and of the physical parametrizations), and should make clearer its contribution to this in
collaboration with existing programmes. WGNE commended the GIFS concept for its vision, and
noted that TIGGE (THORPEX Grand Global Ensemble) plans are advancing rapidly, with the TIP
including many of the research challenges that such an undertaking will entail. WGNE appreciated
that the Science Plan stressed the linkages between weather and climate and the opportunities to
engage this problem for the benefit of all longer time-scale modelling efforts. WGNE agreed to
consider, in consultation with WGSIP, the possibilities of using seasonal forecast systems to study
this issue. One possibility is to run seasonal timescale forecasts at several horizontal resolutions,
including at as high as practicable, to investigate, inter alia, the resolution dependence of the
atmospheric energy transports and their up- and down -scale characteristics. Results from this
should then guide the debate as to what forecast/simulation deficiencies are to be expected from
the current use of relatively low resolutions. Ideally these experiments would be performed using
several systems.
Model developments
WGNE noted the substantial improvements in the resolution of global (40 km or less) and deep
convection permitting forecast models (5 km or less) in progress or planned in the next few years.
There exists a dichotomy of opinion regarding the use and interpretation of grid lengths of several
kms for forecasting. These resolutions will become affordable for GCM use in the coming years,
and the prospect of climate simulations with grids of order one kilometre is an issue of international
activity and debate, and WGNE will continue to monitor such developments. WGNE also took note
of recent results from dynamical core experiments indicating that resolutions of 150 km (T85) or
better are necessary for accurate simulation of baroclinic wave development. This contrasts with
typical climate model resolutions substantially poorer than this.
Performance of the main global operational forecasting models
WGNE routinely reviews the skill of daily forecasts from a number of the main operational centres
in terms of verification scores (such as anomaly correlation and root mean square error) for various
fields at different lead times. For most centres, a distinct increase in skill is apparent over the last
few years.
Model Verification
Scores such as rms errors and anomaly correlations provide good objective measures of large scale model performance. However, with global models attaining much higher resolutions, and
mesoscale models being routinely run at most operational centres, consideration is being given to
additional skill scores more appropriate for such resolutions. Furthermore there is an increasing
requirement to provide measures of model performance for predicting weather elements and
severe weather events. WGNE has drafted a position paper on model verification, and the recently
formed joint WGNE/WWRP working group on verification is now considering this important subject.
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There are a number of WGNE projects involved with the validation of deterministic forecasts.
These include the compilation of the so-called WMO scores, verification of quantitative
precipitation forecasts, validation of tropical cyclone tracks and verification of stratospheric analysis
and forecasts. There has also been the recognition that with increasingly high resolution models,
there is an urgent need to move forward from the basic validation methods that have been used so
far. Verification is of considerable importance for both WGNE and WWRP and following the
formation of the joint (WWRP/WGNE) Working Group on Verification (JWGV) it has held two
meetings. The JWGV organized and held an International Workshop on Verification Methods, with
sponsorship from the WWRP/SSC and WGNE, as well as the Meteorological Service of Canada
(MSC). A number of important issues and new developments were discussed including the
development of methods to verify high resolution spatial forecasts; verification methods for rare
events; incorporation of scaling methods into verification processes; approaches to account for
observational uncertainty in verification measures and analyses; development of methods that are
customer dependent and appropriate for studies of forecast value; and verification of probability
distribution functions.
The
workshop
programme
and
presentations
can
http://www.bom.gov.au/bmrc/wefor/staff/eee/ve rif/verif_web_page.html.

be

linked

from

Following a request from the WGNE, the JWGV has prepared a set of recommendations for the
verification and intercomparison of QPFs from operational NWP models. This first report focuses
on deterministic forecasts; a future one will outline methods for probabilistic/ensemble forecasts.
The JWGV verification web page and verification discussion group continue to be an important
focus. The JWGV is interested in collaborations with other WMO verification projects and groups.
Intercomparison of typhoon track forecasts
The intercomparison of forecasts of typhoon tracks in the western North Pacific has been an
ongoing project that has been conducted by the Japan Meteorological Agency on behalf of WGNE
for a number of years. The project has recently been extended to include all ocean basins.
Relevant data from operational forecasts are now available from eight Centres. The overall
gradually improving performance of these models in predicting cyclone tracks and intensity over
the past few years has been maintained. A significant milestone was the opening of a Web site for
WGNE international tropical cyclone comparisons. Many results related to typhoon track forecast
including a multi-model ensemble are presented on the Web site. (http://nwp verif.kishou.go.jp/wgne_tc/index.html (user id and password are required)).
A report summarizing the results over the period 1991-2000 has been published by JMA, and
WGNE has endorsed the call for additional global operational centres to submit forecasts for the
intercomparison.
Verification and intercomparison of precipitation forecasts
This WGNE initiative is being conducted at the DWD, NCEP, BMRC, CMA, JMA, the Met Office
and Météo-France. Quantitative global precipitation forecasts from the above plus CMC are being
verified against surface stations in these relatively data rich areas (the verification Centres
additionally also include their limited area model forecasts in the verification). A series of scores
such as bias, Heike skill score and equitable threat score are used. Overall, there was no clear
consensus of improved skill in the quantitative precipitation skill forecasts in recent years although
there are clear impro vements for some regions and for some Centres. A report documenting
results from these studies carrying out work in this area has been published by Dr E. Ebert
(BMRC).

PROGRESS/ACTIVITY REPORTS

63

Ensemble prediction
The use of ensemble methods now forms a cornerstone of forecasting on all timescales. Recent
years have seen remarkable progress in the application and use of ensemble prediction systems
underpinned by the availability of supercomputer resources and rapid advances in the science of
initial condition and model perturbations etc. WGNE includes ensemble prediction as a regular
discussion item at its session. The TIGGE is an obvious and notable international effort in this
area.
Unified forecast systems
WGNE noted the plans for unified (coupled) forecast systems that will provide forecasts from days
out to seasons, typically by progressively degrading the resolution with forecast range. Such
developments will provide new opportunities for ensemble techniques, including initial
perturbations, stochastic parametrizations and metrics, and bring even closer collaboration
between the NWP and climate communities.
6.

Other WGNE activities

Publications
A key WGNE publication over several years has been the WGNE "blue-cover" numerical
experimentation report series which continues to be popular with the modelling community. The
report has been prepared on behalf of WGNE by Recherche en Prevision Numerique (RPN)
Montreal since its inception and the latest annual summary of research activities in atmospheric
and oceanic modelling (No. 35) has been released. This publication is facilitated by use of e’mail
contact and the Web site at RPN, (www.cmc.ec.gc.ca/rpn/wgne)
Workshops
In collaboration with other WMO Working Groups the following International Workshops have been
held:
•

The WGNE/WGCM Workshop, “High -resolution climate modelling: Assessment, Added value
and Applications”, Lund, 29 March -2 April 2004;

•

The WGNE/WGSIP/WGCM/WWRP Workshop on Ensemble Methods: From weather
forecasting to climate change’, Exeter, 18–21 October 2004;

•

The WWRP/ WGNE Workshop on Verification, Montreal, 13-17 September 2004;

•

An Aqua -Planet intercomparison Workshop Reading, in 20-22 April 2005.

It is planned to organize a WGNE-sponsored workshop on the topic of Model Errors in early 2007.
It is expected that other WMO groups/projects may join in the planning of this.
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AGENDA ITEM 8.1 – PHYSICS AND CHEMISTRY OF CLOUDS AND
WEATHER MODIFICATION RESEARCH
CAS-XIV/Rep. 8.1
REPORT BY THE CHAIR OF THE WORKING GROUP ON PHYSICS AND CHEMISTRY OF
CLOUDS AND WEATHER MODIFICATION RESEARCH
1.

Progress Report

Since the last CAS meeting held in Oslo, on 12-20 February 2002, the CAS Working Group on
Physics and Chemistry of Clouds and Weather Modification Research (PCCWMR) has continued
to be active in order to update WMO Members, as well as to survey and promote activities in the
fields related to the physics and chemistry of clouds and weather modification research.
Some of the WG members met at an informal meeting in April 2003, during the 8 th WMO Scientific
Conference on Weather Modification, held in Casablanca, Morocco.
A formal meeting was organized with all the members, on 23-27 May 2005, in Geneva, for the WG
21 st session. A review of knowledge and activities, including some prospective and
recommendations were made by the members and discussed by the WG during its 21 st session.
Relevant information has been collected concerning current weather modification programmes.
Both the WMO Statement on Weather Modification and the Guidelines for advice and assistance
related to the planning of weather modification activities were revised, taking into account new
knowledge and development. An Executive Summary of the WMO Statement on Weather
Modification was elaborated to summarize the status of the different technologies used in weather
modification projects and to indicate the levels of confidence that could be given to these
technologies.
A report of the WG activities has been prepared under WMP Report Series No. 43 and is now
available.
Various conference s and meetings have been organised or co -sponsored in order to review and
promote scientific activities in the domains of physics and chemistry of clouds and weather
modification:
•

•
•
•

8th Conference on Weather Modification, held on 7-12 April 2003, in Casablanca, Morocco,
covered all aspects of weather modification including hygroscopic seeding, inadvertent
weather modification and radar development, and brought together more than 200
scientists from 40 different countries;
6th WMO International Cloud Modelling workshop, held on 12-16 July 2004, in Hamburg,
Germany, was co -sponsored to stimulate cloud modelling activities;
14 th International Conference on Cloud Physics and Precipitation, held in Bologna, Italy, on
19-23 July 2003, was co -sponsored and supported by the WG;
"Meeting of Experts on Hail suppression", organized from 27 September to 2 October 2003
in Nalchik, Russia, focused on the current status of hail suppression activities.

Links were tightened up with the International Commission on Cloud and Precipitation (ICCP) in
which one of the Working Group's members was elected as President, and with the International
Association of Meteorology and Atmospheric Sciences (IAMAS) from which a representative is
actively participating in our WG activities.

PROGRESS/ACTIVITY REPORTS

65

A letter was sent to the CAS Chairman and the WMO Secretariat, in August 2003, to let them know
of the Working Group's disapproval and objections concerning the Fourteenth WMO Congress
report's recommendations that address the issue of biomass burning and the re -establishment of
cloud rain ability by sea-salt seeding. There is no evidence that biomass burning could reduce
large-scale rainfall efficiency. The impact on precipitation from pollution produced in industrial
regions is probably more important than that produced by biomass burning and has to be studied
as well. There is no evidence that sea-salt mixed into the clouds will "override the detrimental
effect of the smoke particles", neither there is any evidence that seeding will "re-establish raining
ability of clouds affected by smoke plumes". This disapproval was the trigger for the organization
of the International Aerosol – Precipitation Science Assessment Group, IAPSAG. A group that has
been created to review current scientific understanding of the effects of natural and anthropogenic
aerosols on precipitation and to propose means by which this understanding might be improved.
Some of the PCCWMR Working Group's members are participating in IAPSAG activities.
A strategy was formulated in order to further elucidate the scientific questions associated with
hygroscopic seeding in an effort to improve the design of precipitation enhancement experiments.
Weather modification should be viewed as part of an integrated water resources management
strategy. Government decision -makers and funding agencies should be aware that such projects
need meticulous planning, considerable funding and personnel resources as well as time to obtain
conclusive results. The WG supports the efforts of the Secretariat to finalize the updated version
of the WMO Precipitation Enhancement Project (PEP) Report No. 3. It strongly recommends that
the updated version should reflect conclusions and recommendations of the 21st WG Meeting,
especially these included in the Executive Summary of the WMO Statement on Weather
Modification, in the revised Statement and in the Guidelines for the Planning of Weather
Modification Activities. The Working Group further suggests that guideline documents of a similar
kind to those prepared in Australia should be consulted in producing the update of the WMO PEP
report. After completion of the update by the Secretariat, the Working Group will review the
document before its publication.
A task force, managed by the chairperson of the PCCWMR Working Group, will be established to
review the criteria for assessing the success of weather modification experiments and to redefine
them.
2.

Summary and recommendations

At its 21st session held in Geneva, 23-27 May 2005, the CAS Working Group on Physics and
Chemistry of Clouds and Weather Modification Research reviewed the latest scientific
developments of interest to Member States in the following areas:
•
•
•
•
•
•
•
•

Cloud Precipitation Enhancement;
Fog Dissipation;
Other Aspects of Weather Modification Including Hail Suppression and Anthropogenic
Modification of Clouds and its Repercussions;
Fundamental Cloud Physics and Chemistry;
Cloud Physics Application;
Cloud Modelling;
Cloud Electricity;
Radars and Other Instrumentation.

The main comments and recommendations are summarised in the following paragraphs.
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2.1. Cloud Precipitation Enhancement
The Working Group took note of significant progress made in cloud microphysics, numerical
modelling, statistical techniques and observation technologies, many of them as a result of the
need to improve the understanding of the climate system and climate change processes.
However, it is of great concern to the Working Group that the training of young scientists in the
disciplines relevant to weather modification has all but ceased.
The Working Group emphasized that efforts should be made to bring the weather modification
community closer to the mainstream scientific effort to optimize the mutual benefits that could be
gained through such cooperation. Historically, weath er modification has contributed greatly to the
understanding of atmospheric processes that are important to meteorology and climatology.
Weather modification can now gain significantly by incorporating the latest, exciting advances in
instrumentation, nume rical models and statistical techniques into the design and execution of field
programmes.
The Working Group recommended that several aspects related to cloud behaviour and to its
reaction to various type of seeding (diffusion and transport of seeding material, interactions
between cloud dynamics and microphysics, transferability of results, etc.) be addressed.
2.2. Fog Dissipation
The Working Group recognized that the artificial clearing of supercooled fogs is the most
successful technology in weather modification. However, the relevant operations are usually
expensive and difficult to put into place and it covers only short distances.
The Working Group recognized the difficulty of clearing warm fogs and recommended that further
studies should be made and tested in the field. It was also recommended that in the future,
activities associated with reduction of icing on crops and vegetation be reported with the fog
dissipation activities.
2.3. Hail Suppression
It is recognised that, if successful, hail suppression in the middle latitudes could have a certain
economic potential. Today, hail suppression projects continue in different countries along with
hypothesis formulated decades ago; however, cloud physic processes that drive the hail
generation are quite complex and there still is a number of yet unanswered questions on which
research should concentrate.
It is therefore recommended to develop research components to better understand the hailstorm
physics and better estimate the seeding efficiency. Advantage should be taken of the availability
of new methods and equipment (multi-parameter radars, thunderstorm sensors, microwave
radiometers…), and of advanced 3 -D models incorporating the seeding processes.
2.4. Fundamental Cloud Physics and Chemistry
New Regional climatologies are now available to characterize the aerosols, to distinguish the
anthropogenic ones from the natural ones, and to diagnose the impact of urban and industrial
pollution on cloud effective properties.
Advances have been made in the understanding of the broadening of cloud drop distributions to
produce precipitation -sized particles. The complete description of the ice crystal growth
characteristics from –20°C to –70°C has been made and allows spectra of crystal habit, size, area
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and mass to be predicted as a function of updraft speeds.
Major advances have been made in the representation of cloud and aerosol process in general
circulation climate models and the new generation of climate models have yielded important
insights into the impact of the indirect aerosol effect on the climate.
The Working Group recommends that further effort should be made in research on:
•
•
•
•
•

Cloud-aerosol interactions for anthropogenic species;
Changing global and regional aerosol distribution;
Expansion of current inventory of global aerosol sources and improved information on
distribution and characteristics of aerosols;
Precipitation processes and the impact of biomass burning and pollution on both
precipitation and cloud dynamics;
Improved cloud and aerosol parameterization for application in global and regional scale
climate models.

2.5. Cloud Physics Application
Cloud-top temperature, cloud-top height, and cloud amount, but also cloud reflectance, emittance,
optical depth, phase, water content and drop size distribution are of major importance for
characterizing radiative properties of clouds and their climatology.
Most of the estimations have been done using shortwave radiation and window channels on
imaging instruments. Observations by surface remote sensing and aircraft instrumentation are
complementary to satellite data and their use should be reinforced in order to better investigate
mesoscale and micro-scale cloud development and interaction with the large -scale environment.
2.6. Cloud Modelling
In recent years modelling of clouds has received a great deal of impetus because of its importance
as a tool for improving our understanding of precipitation development and because of its potential
as an aid in planning and evaluating results of rain enhancement experiments. In addition, the
indirect effect of aerosols on clouds and climate has been identified as one of the main
uncertainties in climate change and cloud modelling. It is crucial to the improvement of the
predictive capabilities of general circulation models. This increased interest and the corresponding
increase in computer power means that it is now possible to include detailed processes of cloud
microphysics in large-scale models such as regional weather forecast and even global scale
models.
The WG considered that the following questions are still open and should be addressed:
•
•
•
•
•
•
•
•
•

Under what conditions do increased IN concentrations increase or decrease precipitation
amounts in convective clouds?
What is the role of turbulence in broadening the drop size distributions?
What is the role of organics on activation of cloud drops?
How much do chemical reactions affect cloud and precipitation development?
What are the effects of pollution on precipitation on the ground?
What a re the effects of mega-cities on cloud and precipitation production?
What are the effects of clouds on the redistribution of aerosols in the troposphere?
How important are GCCN in precipitation development?
Hygroscopic seeding has been shown to affect radar reflectivity in clouds. Is the same
seeding method also effective in increasing precipitation on the ground?
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•

What are the cloud seeding effects on a cloud field?

2.7. Cloud Electricity
New developments have been made in the field of cloud electricity to understand the charge
separation mechanism and the transport of charges at the cloud scale.
Numerical models are now used to simulate electrical processes in cloud fields under realistic
meteorological conditions. Another new development is modelling production of NOx by lightning
flashes in the thundercloud modelling. This represents an important link between cloud
physics/dynamics and cloud chemistry, and a contribution to the nitrogen cycle studies. However,
more data on the vertical distribution of NO and NO2 is still needed for validation of the models’
results.
2.8. Radar and other Instrumentation
In the last five years there have been many noteworthy developments in techniques and methods
for studying cloud properties: advanced polarization-diversity radars (for more accurate
measurement of rainfall, size distribution of raindrops, characteristics of ice particles…), mobile
rapid-scan Doppler radars, airborne particle probes, numerical models assimilating radar data and
achieving great accuracy in the short-term forecasting of clouds and precipitation.
The Working Group recommended use of these instruments to improve our understanding of the
cloud processes involved in weather modification, as well as for improved seeding evaluation
methods.
2.9. Other recommendations
The Working Group considered that the future output of IAPSAG activities would be very important.
They recommended that their report be considered for review by the WG and be widely distributed
by WMO.
The WG recommended that WMO organize workshops and training programmes to help countries
to develop their activities in the area of the physics and chemistry of clouds and weather
modification research. It considers that utmost priority should be given to training in the areas of
Cloud microphysics, Meteorological instruments and measurements, Data analysis, Statistics, and
evaluation methods.
The 8th WMO Scientific Conference on Weather Modification represented an effective international
forum for the exchange of experiences in weather modification. The Working Group recommended
that the 9th WMO Scientific Conference on Weather Modification be organised in 2007, with a
strong emphasis on the scientific aspects. This conference should include several invited lecturers
and poste r contributions.
The Working Group recommended, holding immediately before the 9th WMO Conference on
Weather Modification, a training workshop intended to provide those entering the field of weather
modification a broad introduction across the breadth of the subject. Experts should be invited to
give lectures and demonstrations in cloud physics relevant to weather modification,
instrumentation, seeding techniques and analysis of the results of weather modification
experiments.
The WG recommended that WMO provide future support and assistance, where possible, to
international conferences and workshops that are viewed as making positive contributions to the
programme. In particular, the WG suggested that WMO support be considered for the
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4th Conference on fog, fog collection and dew, the 7th WMO Cloud modelling workshop and 15th
International Conference on Cloud and Precipitation.
3.

References
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AGENDA ITEM 8.2 – WMO/IUGG SCIENCE ASSESSMENT OF AEROSOL EFFECTS ON
PRECIPITATION ON LOCAL, REGIONAL AND GLOBAL SCALES. THE REPORT BY THE
CHAIR OF THE INTERNATIONAL AEROSOL PRECIPITATION SCIENCE
ASSESSMENT GROUP
CAS-XIV/Rep. 8.2
BACKGROUND INFORMATION ON ASSESSMENT OF AEROSOL EFFECTS
ON PRECIPITATION
“The Cg-XIV (3.3.5.4) noted with concern the new additional evidence, also presented at the
8th WMO Scientific Conference on Weather Modification, that was pointing to an apparent
substantial reduction of the rainfall efficiency of clouds by plumes of smoke caused by biomass
burning (agricultural practices, forest fires, cooking and heating) and industrial processes.
Congress also noted the evidence that such non-raining clouds could regain their raining ability
once they moved over oceans or large bodies of water (such as the Aral Sea) because sea-salt
was then mixed into the clouds and overrode the detrimental effect of the smoke particles.
Therefore, Congress recommended CAS to establish an ad -hoc Group on Biomass Burning and
Smoke Plumes in general, charge it to prepare a summary report for information of the Members,
addressing relevant issues such as (1) the climatology of smoke and weather active aerosol (Cloud
Condensation Nuclei or CCN) plumes, (2) the in situ and remote measurement of CCN and cloud
droplet concentrations, (3) strategies to reduce biomass burning and hence the density of smoke
plumes, and (4) the seeding procedures and evaluation methods to re-establish raining ability of
clouds affected by smoke plumes, and CAS to report to Fifteenth Congress.”
On July 10, 2003 IUGG passed a resolution in support of the WMO action:
“IUGG
Considering biomass burning from agricultu ral practices, household consumption and wildfires
produces substantial quantities of aerosol particles that can increase small cloud droplet number
concentration.
Realizing that higher concentrations of small cloud droplets affect their coalescence and the
formation of precipitation and thus the water supply.
Welcoming the recognition of the potential effect of all aerosol sources on precipitation by
Congress XIV of the World Meteorological Organization, WMO, in May 2003 and its projected
actions focused on biomass burning plumes.
Urges the scientific community to undertake systematic studies of the impact of biomass burning
aerosol on precipitation formation on all scales. Feedback effects on climate as well as the
competing effects of industrial fine particle aerosols and natural coarse particle aerosols such as
sea salt and soil dust should be included.
Recommends that a body be established to undertake an international program of study and
assessment of the rain related effects of biomass burning in collaboration with WMO and other
international organizations. 1. that this body creates a mechanism to assemble the scientific
evidence needed to lay the groundwork for a UN sponsored conference on pollution effects on
precipitation and hence water supply. 2. that this body reports in the IUGG Newsletters and the
GA{General Assembly} in 2007 on the step taken and the progress made.”

PROGRESS/ACTIVITY REPORTS

71

APPOINTMENT BY CAS OF THE AD HOC INTERNATIONAL AEROSOL PRECIPITATION
SCIENCE ASSESSMENT GROUP (IAPSAG)
In response to the recommendation of Cg -XIV, and consistent with a supportive IUGG
Assembly resolution (July 2003), the Secretariat has worked with IUGG to form an ad hoc group of
experts to conduct a WMO/IUGG Science Assessment of Aerosol Effects on Precipitation in time
for Cg-XV and the IUGG Congress in 2007. The president of CAS supported the establishment of
the group on behalf of CAS and requested necessary support for its activities (including secretarial
services, preparation and publication of the report and limited travel support).
The CAS International Aerosol Precipitation Science Assessment Group (IAPSAG) was
established which consisted of the following experts selected in consultation with IUGG:
List of IAPSAG members as of May 2004*
Prof. Peter V. Hobbs - Chair
Prof. Zev Levin – co-Chair

-

Prof. Meinrat Andreae
Prof. Paulo Artaxo
Prof. Urs Baltenperger
Dr Roelof Bruintjes
Dr Graham Feingold

-

Dr Yoram Kaufman
Prof. Ulrike Lohmann
Dr J. Marshall Shepherd
Dr James F.W. Purdom
Dr Deon Terblanche

-

Prof. Zhe ng Guoguang

-

Dr Leonard Barrie

WMO Liaison, Chief Environment Division, AREP,
Executive Committee Member of IAMAS, Geneva,
Switzerland
IUGG Liaison, Secretary General of IUGG/IAMAS
University of Toronto, Toronto, Canada

Prof. Roland List

University of Washington, USA
Department of Geophysics and Planetary Science,
Tel Aviv, Israel
Max Planck Institute, Germany
University of Sao Paulo, Brazil
Paul Scherrer Institute, Switzerland
NCAR, USA
Environmental Technology Laboratory, NOAA,
Boulder, USA
NASA, Langley, USA
ETH, Zurich, Switzerland
NASA/Goddard, Greenbelt, USA
Colorado State University, Fort Collins, USA
South African Weather Service, Johannesburg,
South Africa
China Meteorological Administration, Beijing. China

* Since July 2005 the late Prof. Hobbs was replaced by co-chair Prof. Z. Levin and co-chair Prof. William Cotton

The group was tasked to address the following topics:
1.
2.
3.
4.
5.

The effects of aerosol pollution, including biomass burning, on precipitation;
The climatology of the weather-active aerosol and cloud droplets;
The observational system for studying effects of weather-active aerosol on clouds and
precipitation;
Modelling of global, regional and cloud scale effects of pollution;
Relevance of cloud seeding experiments.

The science assessment will be reviewed by an independent group of experts led by
Dr George A. Isaac, President of the IUGG/IAMAS/ International Commission on Clouds and
Precipitation (1996-2004).
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AGENDA ITEM 9.1 – WORLD CLIMATE RESEARCH PROGRAMME AND THE COORDINATED
OBSERVATION AND PREDICTION OF THE EARTH SYSTEM
CAS-XIV/Rep. 9.1

PROGRESS/ACTIVITY REPORT ON THE WORLD CLIMATE RESEARCH
PROGRAMME (WCRP) AND COORDINATED OBSERVATION AND PREDICT ION OF
THE EARTH SYSTEM (COPES)
WORLD CLIMATE RESEARCH PROGRAMME (WCRP)
The range of studies involved in climate research requires input from many scientific disciplines,
and cooperation among governmental and non -governmental organizations and the academic
community. Such cooperation is therefore formally recognized and promoted by the Agreement
among the World Meteorological Organization (WMO), the International Council for Science (ICSU)
and the Intergovernmental Oceanographic Commission (IOC) of UNESCO, which makes the
WCRP a collaborative undertaking of the three organizations. A WMO/ICSU/IOC Joint Scientific
Committee (JSC) has the responsibility of formulating the overall scientific concepts and goals of
the WCRP, as well as organizing the required international coordination of research efforts. The
latter responsibility is undertaken with the assistance of a small permanent Joint Planning Staff,
located in WMO, Geneva, and a few (currently four) International Project Offices dedicated to the
WCRP core projects.
The purpose of the WCRP is to develop the fundamental scientific understanding of the physical
climate system and climate processes needed to determine to what extent climate can be
predicted and the extent of human influence on climate. WCRP pursues its objectives through a
number of large -scale research, observational and modelling projects, and related activities,
focused on aspects of the climate problem that require international commitment, coordination and
collaboration. This modus operandi is reflected in the current ma in WCRP core projects, namely:
the Climate Variability and Predictability (CLIVAR) project; the Global Energy and Water Cycle
Experiment (GEWEX); the Stratospheric Processes and their Role in Climate (SPARC) project;
and the Climate and Cryosphere (CliC) project. Also, jointly with the International Geosphere Biosphere Programme (IGBP), the Scientific Committee on Oceanic Research (SCOR), and the
Commission on Atmospheric Chemistry and Global Pollution (CACGP), the WCRP co -sponsors
the Surface Ocean-Lower Atmosphere Study (SOLAS). Additionally, the development and
application of comprehensive computer models of the full global climate system is a major unifying
and integrating theme running through the WCRP, pulling together and building on the scientific
and technical advances achieved in each of the individual projects. All these projects have been
conceived and developed with the help of a worldwide community of climate scientists.
WCRP also promotes and sponsors a wider range of joint projects and other activities within the
Earth System Science Partnership (ESSP), a joint initiative of WCRP, IGBP, IHDP and
DIVERSITAS (an international programme of biodiversity science).
CLIVAR
CLIVAR deals with the natural variability of the coupled climate system and the changes in
response to natural processes and human influences with focus on the role of the ocean in climate
and addressing these issues on all climate timescales from seasons (monsoons) to centuries
(anthropogenic influence).
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Recent advances include: preparation of an atlas of African climatology; establishment of an Indian
Ocean Panel, jointly with IOC, to help drive forward the implementation of ocean observations in
the region; and, the successful execution of the SALLJEX (South American Low-Level Jet
Experiment) field campaign, which was a major contribution to the Variability of the American
Monsoon System (VAMOS) project; studies of variability of the thermohaline circulation in the
Atlantic; dynamics and predictability of the Atlantic inter-tropical convergence zone and its regional
influences on climate; atmospheric forcing and upper-ocean teleconnections and feedbacks
involving tropical sea surface temperature; the Kuroshio extension; and, Pacific upwelling.
GEWEX
GEWEX studies atmospheric, hydrologic and thermodynamic processes that determine the global
hydrological cycle and energy budget and their natural variability, and their adjustments to global
changes such as the increase in greenhouse gases.
GEWEX research into land -atmosphere interactions and related model parameterizations has led
to significant improvements in modelling and predicting cloudiness and precipitation. GEWEX has
contributed to the assessment of present climate and climate trend analyses based on the
production of global data sets for key water cycle variables over 20 years from in situ and satellite
observations.
The Coordinated Enhanced Observing Period (CEOP), is compiling a comprehensive data set from
in-situ, satellite and modelling sources, in order to achie ve a global description of the various
components of the water cycle for the years 2002 -2004, as a basis for simulation and prediction
experiments. It has been endorsed by the Integrated Global Observing Strategy Partnership
(IGOS-P) as a pilot study contributing to the IGOS Integrated Global Water Cycle Observations
Theme, in which WCRP plays a leading role.
GEWEX, jointly with CLIVAR, sponsors the African Monsoon Multidisciplinary Analysis (AMMA)
and research on monsoons of the Asian-Australian region, the North and South Americas and
West Africa.
SPARC
SPARC investigates the influence of the stratosphere on climate and the coupled chemical,
dynamical and radiative processes that control changes in the stratospheric circulation and
composition, including particularly ozone depletion and increased penetration of ultra-violet
radiation into the troposphere.
SPARC has led international efforts to identify and remedy deficiencies in the representation of the
stratosphere in climate models. Through the analysis of observations and modelling, evidence has
been obtained of a significant impact of stratospheric processes on tropospheric predictability. It
has been possible to reproduce the appearance of the ozone hole in the polar stratosphere using
the ne w generation models. New techniques for blending data from different sources have
generated a basis for new assessments of stratospheric trends including the so far unexplained
positive water vapour trend in the lower stratosphere. SPARC has conducted an assessment of
stratospheric aerosol and a further new SPARC initiative will be an assessment of polar
stratospheric clouds.
Jointly with the International Global Atmospheric Chemistry (IGAC) Project of IGBP, SPARC is
supporting the development of a new system for verification of global climate models that have a
comprehensive atmospheric chemistry module.
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CliC
CliC aims to systematically enhance monitoring, understanding and modelling of complex
processes through which the cryosphere interacts with the global climate system. CliC studies
have indicated: record low multi-year sea -ice extent in the Arctic Ocean during the period 2002 2005, with the lowest observed extent in September 2005; extensive melting of the Greenland ice
sheet since satellite observations began in 1980; break-up of the Larsen B ice shelf in the West
Antarctic peninsula in 2002; and, the accelerated melting of mountain glaciers on all continents.
Through the leadership of CliC, WCRP is contributing significantly to the planning of the IPY.
Since 1995, WCRP has been supporting its International Programme for Antarctic Buoys (IPAB).
This has proved its high value in filling gaps in surface meteorological observations in the Southern
Ocean. Further, recent assessments have shown that IPAB buoys have helped to reduce
uncertainties in the analysis of mean-sea-level pressure in that region and created a significant
positive impact on the accuracy of satellite altimetry. All appropriate parties are encouraged to
support this programme by coordinated deployment of drifting buoys, which report their
observations through the WMO Global Telecommunication System.
Climate Modelling
The development of comprehensive global climate models, building on the scientific advances in
the WCRP pro jects and other activities, is an essential unifying theme running through WCRP.
Such models are the fundamental tools for understanding and predicting natural climate variations
and for providing reliable estimates of anthropogenic climate change. WCRP activities in this area
are centred on two main groups: the joint WMO Commission for Atmospheric Sciences/JSC
Working Group on Numerical Experimentation (WGNE) and the JSC/CLIVAR Working Group on
Coupled Modelling (WGCM).
Efforts continue to be devoted to a wide range of internationally-coordinated model
intercomparison exercises as a means of identifying errors in climate simulations and to find ways
of reducing errors. In particular, coupled (ocean -atmosphere) model intercomparison projects
(CMIP) have been organized, and standardized experiments with coupled models are being
undertaken, which should help in reaching consensus on climate change. The results from these
activities have been a key input to all the IPCC Assessments. WCRP will continue to strive to
further reduce the uncertainty of global change predictions and to broaden the scope of considered
properties thus producing a sounder scientific basis for decision making in all areas where
adequate management is dependent on the current and future state of the environment. In
particular, the closer collaboration established with the Global Analysis, Integration and Modelling
(GAIM), now Analysis, Integration and Modelling of the Earth System (AIMES), element of IGBP is
working well, especially in respect to the organization of the Coupled Carbon Cycle Climate Model
Intercomparison Project (C4MIP). Other activities include assessing the dependence of errors in
atmospheric models on their basic dynamical cores; the Atmospheric Model Intercomparison
Project (AMIP): the second phase of AMIP is coming to a close and much of the data from these
runs are available for a wide range of diagnostic sub-projects; and multi-year reanalyses of the
atmospheric circulation with state-of-the-art assimilation/analysis schemes.
Climate data
WCRP has been both a major user and provider of climate data and products and one of the main
drivers in the planning and development of new Earth Observation instruments, surface-based
experiments and satellite missions. In particular, WCRP sponsors with GCOS, the Atmospheric
Observation Panel for Climate (AOPC) and, with GCOS and GOOS, the Ocean Observations
Panel for Climate (OOPC).
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The Argo initiative, an outgrowth from the global array of WOCE subsurface floats, will routinely
provide a large increase in the detailed information about the ocean outside the area of sea-ice
cover, as an integral part of a developing ocean observing system for climate.
A WCRP ad hoc Satellite Working Group has produced reports highlighting priorities for future
space missions and related data management and emphasising the needs for a reanalysis of
climate -related data sets making full use of all available satellite -borne sensors over the last
20-30 years.
WCRP support of the IPCC
The JSC has reinforced WCRP's efforts in the research priority areas signalled in the IPCC Third
Assessment Report (especially those listed under modelling and process studies), and is actively
seeking improved and more direct involvement with IPCC to identify additional issues that might be
taken up by the WCRP. It is a prime intention of the JSC to achieve better integration of the IPCC
requirements with the research performed under the WCRP. In particular, the JSC is keen that
relevant expertise and results from WCRP activities should be made available in the preparation of
the IPCC’s future assessment reports.
Development of climate research capabilities at regional level
WCRP continues to promote the development of regional climate research capabilities through the
active involvement of scientists worldwide in its activities in order to meet its scientific challenges
and to deliver research results relevant to the entire global community. In particular, WCRP has
achieved this through: the GEWEX continental-scale experiments; through the 36 active reference
sites associated with the CEOP; and through the major CLIVAR and GEWEX studies of monsoon
systems in Africa, the Americas, Asia and Australia. Also, WCRP continues to co -sponsor the
global change SysTem for Analysis, Research and Training (START), in partnership with IGBP and
IHDP, and is seeking to strengthen its links with other programmes and organizations involved
directly with developing scientifically relevant research networks in developing countries.
COORDINATED OBSERVAT ION AND PREDICTION OF THE EARTH SYSTEM (COPES): THE
WCRP STRATEGIC FRAMEWORK 2005 -2015
In its 25 years of existence, WCRP has made enormous contributions to advancing climate
science. However, there are many new opportunities and challenges for international climate
research and the JSC for the WCRP has continued to give careful and serious consideration to the
future scientific direction, structure and priorities of the WCRP. This has resulted in WCRP
initiating a new strategic framework for 2005-20015, called COPES, with the stated aim: to
facilitate analysis and prediction of Earth system variability and change for use in an increasing
range of practical applications of direct relevance, benefit and value to society. COPES will
provide the soundest possible scientific basis for a predictive capability for the total climate system
to meet society’s needs, including an assessment of what is, and what is not, predictable on
various time - and space-scales. Key research challenges are to:
Address the seamless prediction problem: weeks-seasons-years-decades-centuries;
Address prediction of the broader climate/Earth system;
Demonstrate the use to society of WCRP -enabled predictions.
COPES will provide the unifying context and agenda for the wide range of climate science
coordinated by, and performed through, WCRP projects and activities, and for demonstrating their
relevance to society. Specific, time -limited objectives will be identified and set annually by the JSC.
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The ne cessary activity to achieve them will in general be performed through the continuing WCRP
projects. Recognizing the importance of seasonal prediction, a WCRP Task Force on Seasonal
Prediction (TFSP) has been established as first major step, led by the CLIV AR Working Group on
Seasonal Prediction (WGSIP). Strong collaborations will be sought in research, in particular with
the IGBP and increasingly the International Human Dimensions Programme on the broader Earth
System aspects, THORPEX on weather aspects, satellite agencies and numerical weather/climate
prediction centres, and START on developing-country involvement. Collaborations will also be
actively pursued in applications, in particular with those involved with seasonal prediction, the new
WMO Natural Disaster Prevention and Mitigation Programme, the IPCC, and the WMO World
Climate Programme.
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AGENDA ITEM 9.2 – CLIMATE ACTIVITY INTERACTIONS
CAS-XIV/Rep. 9.2
REPORT ON THE RESEARCH COLLABORATION BETWEEN WCRP AND WWRP/THORPEX
1.

Introduction
Background

The seamless nature of the weather and climate prediction problem and of many of its applications
implies that close collaboration and coordination with the WMO World Climate Research
Programme (WCRP) is essential and indeed effective collaboration with the WCRP community will
be crucial for the successful implementation of the THORPEX Implementation Plan.
WMO Executive Council
The WMO Executive Council (June 2004) noted that the challenges, opportunities, aims and
specific scientific and technical problems to be addressed within The WCRP Strategic Framework
2005-2015 for Coordinated Observation and Prediction of the Earth System (COPES) had much in
common with those also being addressed in THORPEX. The Council therefore endorsed fully the
need for close cooperation and collaboration between these two initiatives.
In 2005 the Executive Council noted that a majority of the WMO Programmes had explicit roles in
THORPEX, that there were cross-cutting activities and cooperation, and that its recommendations
were promptly followed, namely CBS was providing full support of all OPAGs coordinated through
its vice -president and the Management Group and designated experts to THORPEX and vice
versa. The THORPEX Science community and the WCRP/JSC had made considerable progress
to establish a collaborative plan for the development of a high-resolution global weather/climate
prediction system within 10 years. This would be reflected eventually in the evolving THORPEX
implementation plan and the WCRP COPES strategy. To accomplish this, working arrangements
between the JSC and THORPEX bodies were being developed.
2.

Development of the collaboration

A proposal (set out in CAS-XIV/INF. 5) for collaboration between THORPEX and the WCRP was
presented to the 26th session of the WCRP Joint Scientific Committee (JSC) in March 2005 by
Dr Mel Shapiro, Co -chair of the THORPEX Science Advisory Board.
The JSC responded positively to this proposal and agreed that the phenomenon of Tropical
Convective Organization (TCO) affecting 1-2 week weather prediction (e.g. MJO, diurnal cycle of
convection) could be an early target. The JSC also recommended that, for this purpose, the Task
Force on Seasonal Prediction (TFSP) should include a THORPEX representative. The JSC also
recommended that the WGCM should interact closely with THORPEX, and that WGSIP should get
involved in the Demonstration System that THORPEX was planning for 2008/09. The interaction
of WGNE with THORPEX was ongoing. The JSC also encouraged all WCRP projects and
activities to consider ways of establishing links with THORPEX; this should be initiated by
D/WCRP based on the THORPEX plans.
Subsequently, the COPES document (WCRP-123 WMO/TD-No. 1291) identified a wide range of
activities where strong collaboration between THORPEX and WCRP would be beneficial.

78

PROGRESS/ACTIVITY REPORTS

Cross membership
Dr Jagadish Shukla (JSC member and Chair of the WCRP Modelling Panel) represents the JSC
on the THORPEX International Core Steering Committee (ICSC).
Professor Guoxiong Wu (JSC member) and Professor Brian Hoskins (one of the main authors of
the COPES document) have agreed to serve on the THORPEX Science Advisory Board.
Dr Pedro Silva Dias (member of the THORPEX GIFS-TIGGE Working Group) represents
THORPEX at meetings of the TFSP.
Dr David Burridge (Director of the THORPEX IPO) represents THORPEX on the WCRP Modelling
Panel.
Joint activities – unified prediction system
A proposal for THORPEX and WCRP to sponsor jointly a unified global weather and climate
prediction system for predictions for one day to seasons has been made by Mel Shapiro and
Jagadish Shukla (WCRP/JSC member and chair of the WCRP Modelling Panel). The proposal
requires the:
Ø Development of a unified, ultra-high-resolution, seamless global prediction system for
weather and climate that resolves extreme weather events embedded within weekly
weather forecasts, and seasonal, inter-annual and decadal climate predictions;
Ø Development of advanced high -resolution data-assimilation systems to enhance the
utility of global observations of the Earth system for the monitoring and prediction of
weather and climate from hours to years.
Such a unified system would:
Ø Contribute to the design and implementation of an Earth Observing System that
satisfies the observational requirements spanning short-term forecasts and the
prediction and assessment of climate variability and change;
Ø Facilitate regional field campaigns to improve and evaluate parameterizations and
explicit representations of physical processes in weather and climate prediction
systems;
Ø Provide predictions of short-term weather hazards, climate variability and change
including the climatology of extreme events, and their inherent uncertainties, to policy
makers and stakeholders of global societies to assist in their decisions regarding
mitigation and sustainable development;
Ø Demonstrate the feasibility and evaluate the performance of the unified global weather
and climate prediction system.
The proposal was developed following discussions of the WCRP COPES initiative and THORPEX
at the 26th meeting of the JSC/WWCRP.
In order to develop cooperation along the lines proposed the following actions are now being
taken:
Ø Preparation of a “white -paper”, with Messrs Shapiro and Shukla as lead authors, on the
THORPEX/WCRP joint vision which focuses on the development of a very high-
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resolution global modelling system for the benefits of society and feeding into the
GEOSS initiative. The white -paper will have a broad authorship;
Ø Early establishment of close collaboration between the GIFS-TIGGE Working Group
and the JSC Task Force on Seasonal Prediction (TFSP).
Joint activities - Workshop on the organization and maintenance of Tropical Convection and
the MJO
At its first meeting the THORPEX Executive Board (EB) decided that a THORPEX/WCRP(COPES)
workshop on the organization and maintenance of Tropical Convection and the MJO should be
organised and a workshop on this subject will take place at the International Centre for Theoretical
Physics (ICTP) in Trieste, Italy during the week of 13-17 March 2006.
The purpose of this workshop is to:
Ø To review our fundamental understanding of the initiation and maintenance of
organized tropical convection and how it relates to tropical weather systems, its 2-way
interaction with extra-tropical weather systems through propagation and Rossby-wave
dispersion, and how its simulation in weather and climate prediction models can be
improved leading to advances in predictive capability;
Ø To review the state of knowledge and future directions in observing, simulating,
modelling and predicting the MJO and its socio-economic implications;
Ø To prepare a report that includes priorities for THORPEX/WCRP research and forecast
demonstration projects.
Joint activities - THORPEX and the establishment of close links to the CAS/JSC Working
Group on Numerical Experimentation (WGNE)
The world-wide academic and operational NWP community have well established research and
meeting programmes for modelling and data assimilation, and many of the THORPEX Working
Groups should seek to complement and strengthen the work being carried out in support of the
WWRP and the WCRP, particularly that of the CAS/JSC Working Group on Numerical
Experimentation (WGNE). To this end, a THORPEX session was embedded within the recent
meeting of the WGNE in which co-chairs of THORPEX Working Groups participated.
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AGENDA ITEM 10 – WMO LONG-TERM PLANNING RELEVANT TO THE COMMISSION
CAS-XIV/Rep. 10
DISCUSSION OF LONG-TERM PLAN CONCEPT
To realize the WMO vision and goals of the weather, water and climate enterprise requires a clear
understanding of the relationship between each of the programmes and activities that contribute to
specific outcomes of the WMO Long-term Plan (LTP). Research and Development is a function that
underpins all of the operational service programmes. It is most effective when there is a balance
between research that responds to operational requirements and research that is the result of scientific
opportunity. The latter is often associated with basic, undirected research and when successful
provides a “push” from research to operational services. The former represents a directed response to
a specific need and provides a “pull” from the operational services to research.
To maintain the currency of operational services and to position them to meet the anticipated needs of
users for new products and services in the medium (5-years) and long-term (> 10-years) requires a
balanced investment between the delivery of operational products and services today and the research
and development required to meet these future needs.
Figure 1 shows schematically the relationship between Research and Development and the rest of the
weather, water and climate enterprise. In addition to R&D, the major crosscutting activities are the
observing systems, which support both operations and research. The numbers in this schematic
correspond with the strategies of 6LTP and are i ntended to show the flow between operational services
and research to execute the strategy to achieve the desired outcomes.

VISION
&
DESIRED
OUTCOMES
Delivery of Desired Outcomes

OPERATIONAL
SERVICES

TREATY
OBLIGATIONS

OPERATIONAL
SERVICES

1, 2

3, 4, 6, 7, 8

“Push”/”Pull” between R&D and
Operational services

1, 2

RESEARCH & DEVELOPMENT
5

1, 2

4, 6, 7, 8

OBSERVING SYSTEMS & Telecommunication
ADMINISTRATIVE SERVICES

6, 7

9

Figure 1 A schematic of the relationship between activities to realize the WMO Vision
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WMO LONG-TERM PLAN FRAMEWORK
The WMO vision
To provide world leadership in expertise and international cooperation in weather, climate,
hydrology and water resources, and related environmental issues, and thereby to contribute to the
safety and well-being of people throughout the world and to the economic benefit of all nations.
The six desired outcomes
Desired outcome 1: Improved protection of life and property
Desired outcome 2: Increased safety on land, at sea and in the air
Desired outcome 3: Enhanced quality of life
Desired outcome 4: Sustainable economic growth
Desired outcome 5: Protection of the environment
Desired outcome 6: Enhanced WMO effectiveness
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The nine strategies
Strategy 1: To enable the delivery of increasingly accurate and reliable warnings of severe events
related to weather, water, climate and the related natural environment throughout the world, and
ensure that they are able to reach their target audience (individuals, emergency services, decision
makers) in a timely and useful manner.
Strategy 2: To enable the provision of increasingly beneficial weather, water, climate and related
environmental services to the public, governments and other users/customers throughout the
world.
Strategy 3: To enhance WMO’s role as the United Nations system’s authoritative voice on the
state and behaviour of the Earth’s atmosphere, its interaction with the oceans, the climate it
produces and the resulting distribution of water resources; including ensuring that it contributes to
relevant international conventions, protocols, and other legal instruments, and that relevant
agreements are scientifically based.
Strategy 4: To inform and educate the public, governments and other interested parties about the
socioeconomic benefits of understanding the weather, water, climate and related environment.
Strategy 5: To understand and improve the modelling of the processes which affect the current
and future state of the atmosphere, the weather, water resources, the physical state of the oceans,
climate change and related environmental states such as air quality and pollution levels.
Strategy 6: To observe, record and report on the weather, water resources, climate and the
related natural environment, to use these data for the preparation of operational forecast and
warning services and related information, and to maintain and enhance systems to exchange these
data, products and information.
Strategy 7: To enhance the capabilities of NMHSs to deliver services, and improve cooperation
and collaboration between them.
Strategy 8: To work more effectively with international partners, other relevant organizations,
academia, the media and the private sector.
Strategy 9: To improve the effectiveness, efficiency and flexibility of the structure and working
mechanisms and practices of WMO, to enable it to respond more rapidly to the changing needs of
society and to the new opportunities pro vided by technological advances.
The first two strategies cover the direct delivery of services and information to the public and users,
in terms of the vision “to contribute to the safety and well-being of people throughout the world and
to the economic benefits of all nations”.
Strategies 3 and 4 are about WMO’s role as an authoritative voice and in informing and educating
to enhance the ‘take-up’ of services.
Strategies 5 and 6 are associated with enhancing the basic infrastructure and predictions need ed
to achieve the goals associated with Strategies 1 to 4.
Strategies 7 through 9 are concerned with how WMO and its Members aim to meet Strategies 1
to 6.

