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MEETING OF THE THIRD SESSION OF THE
CCI WORKING GROUP ON CLIMATE CHANGE DETECTION
(Geneva, 26 February - 1 March 1996)

SUMMARY REPORT

1.

OPENING OF THE MEETING

1.1

Opening remarks

On behalf of the Secretary General, the Deputy Secretary General, Mr Michel Jarraud
welcomed the participants (see Annex A) to the meeting and said that he was pleased to see the
participation of a number of experts involved in GCOS and CLIVAR.
In view of the recent pronouncement from the IPCC Second Assessment that: " The balance
of evidence... suggests a discernible human influence on the global climate.", along with the
developing work programme of the UN Framework Convention on Climate Change he felt there will
be heightened interest in the monitoring and detection of climate change. He went on to say t h a t ,
due to the fundamental role of data in detecting climate change, the Working Group is in a position
to contribute significantly to the climate change detection issue.
Mr Jarraud understood that the purpose of the meeting was to move forward on a number
of important issues which were initiated during and following the second session in March 1994, such
as: the establishment of a baseline surface climate reference climatological station network;
integration with CLIVAR; improving the annual WMO statements on the status of the global climate;
developing climate change detection indicators; and building and exchanging databases in developing
countries.
1.2

Adoption of the Agenda

The provisional agenda was reviewed and several changes in the order of the items were
suggested and made prior to its adoption (see Annex B).
2.

IMPLEMENTATION OF THE GCOS PERMANENT LAND-BASED SURFACE CLIMATE
OBSERVATION NETWORK

Mr John Miller, Chief, Environment Division, reported on the status of the implementation of
the Global Atmosphere Watch network in which there are some 340 stations, of which only 20 core
stations are in ideal pristine locations for the measurement of atmospheric constituents. Routine
weather observations are taken at most of the sites. Efforts are underway to improve the capability
to measure tropospheric ozone and atmospheric aerosols, t w o key parameters in that affect the
radiation balance.
A document was reviewed which provided background information and described the progress
made in the initial specification of 800 stations (see Annex C).
Mr Ed Sarukahnian, Chief of Observational Systems Division, explained the process followed
to establish the GCOS Baseline Upper Air Network and outlined the steps that would likely follow the
CCI/CBS expert meeting in Norwich 25-27 March 1996:
review of the proposed list by the rapporteurs of CBS Working Group on Observations by 10
July;
submit to the CBS session in November 1996
circulate the list to all WMO Member countries for review by 1 December 1996;
finalizing of the proposed list of stations by a small group of CCI/CBS experts, based on
comments provided by the Working Group on Observations and by WMO Member countries;
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to the Joint Scientific and Technical Committee for GCOS through the Atmosphere
Observation Panel;
circular letter (drafted by the president of CBS) on behalf of the Secretary-General to all WMO
Members announcing the establishment of the network and presenting guidance for ongoing
maintenance of the network; and
ask WMO Regional Associations to approve the list and monitor the implementation of the
network.
He mentioned that CBS is planning to establish six regional centres to monitor the quality of
observations transmitted over the GTS and suggested that the GCOS network stations be included
in the monitoring process.
There was a lengthy discussion on the purpose and rational for the network with the final
result being a concise statement of the purpose to be included in a brief guidance paper for
participants at the Norwich meeting (see Annex D).
The group was reminded that one of the principal reasons why, at its 1994 meeting, it
originally proposed collaboration with the Global Climate Observing System in establishing a surface
reference network, which was to provide new impetus in the establishment of national Reference
Climatological Station (RCS) networks. The Working Group re-emphasized that the development of
this GCOS network should be an integral and inseparable part of the strategy of the Climate Change
Detection project to encourage WMO Members to build and maintain national RCS networks.
3.

INTERACTION WITH IPCC

Several of the meeting participants were involved in the process of preparing the IPCC 1995
Assessment. Presentations were given by Mr Folland on Chapters 3 and 11 and by Dr Jones on
Chapter 8, emphasizing those areas of particular relevance to the Working Group. A summary of the
principal findings of the Assessment, extracted from Chapter 3, is reproduced in Annex E.
Additionally Annex III from Chapter 3 on Data Requirements can be found on page 20 of Annex F to
this report and Annex IV from Chapter 11 can be found on page 21 of Annex F to this report. Dr
Cubash elaborated on the fingerprint approach to the detection of climate change and claimed that
the methodology being developed facilitates the detection of a climate change signal far earlier than
would otherwise be expected. He also showed a time series graph of solar incoming flux density in
which mirrors rather well some aspects of the recent trends and variation in the global surface
temperature.
4.

REPORTS BY RAPPORTEURS AND EXPERTS

All of the rapporteurs and invited experts gave presentations relevant to their areas of
expertise.
Dr Raino Heino reported on Metadata, DARE and the Archival Climate History Survey project
(see summary report on page 3 in Annex F). The group expressed its interest and concern about the
fact that most of the nearly five million documents that have been microfiched by the International
Data Rescue Coordination Centre have not yet been digitized by the countries involved. Some
countries such as Botswana have been digitizing their data using CLICOM.
A status report on the development of the baseline data sets (GHCN, CARDS and COADS)
was given by Mr Mike Crowe which is nicely summarized on a new NCDC brochure (see page 28 and
29 of Annex F). He also reported that the Climatological Normals for 1961 - 1990 had been
completed and were ready to be published by WMO and that the complete set of data submitted by
125 countries would be made available on a CD ROM later this year. The publishing of the World
Weather Records for 1981-1990 is proceeding well.
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he had identified in the global surface temperature time series (see summary report on page 2 in
Annex F).
In his presentation on Data Requirements (see summary report on page 10 in Annex F) Mr
Folland called for the Working Group to develop a strategic approach to improve the quality and
access to the following key data sets:
surface land, air and sea surface temperatures;
troposphere and stratosphere temperatures;
surface pressure which is available back to 1871 (CSIRG7 UKMO) and will be made available
on a CD ROM;
wind and other atmospheric circulation parameters; and
rainfall over land and ocean.
He also proposed that CLIVAR-ACC set up a group to address CCD forcing data with the key
parameters being the following:
anthropogenic aerosols;
trace gases, especially methane and chlorofluorocarbons;
stratospheric and tropospheric ozone;
natural stratospheric volcanic aerosols; and
natural solar output.
Dr Gruza felt that the IPCC scientific assessments serve as an adequate mechanism with
regard to the certification of data sets used in CCD studies. He agreed with the view of the working
group that Data Set Registration was a more appropriate approach to this subject and presented a
number of recommendations related to improving the quality and access of CCD data sets (see report
on page 1 in Annex F).
Mrs Valerie Detemmerman gave an overview presentation of the Climate Variability (CLIVAR)
Programme which is in the infancy of its implementation (see CLIVAR objectives listed on page 30
of Annex F). She noted that CCD was very much a central objective of the CLIVAR component on
Anthropogenic Climate Change (ACC). The only aspects of ACC which had thus far been addressed
in any depth were related to modelling and had been discussed under the aegis of the CLIVAR
Numerical Experimentation Group (NEG) - 2. However, she noted that there appeared to be many
areas of potential mutual interest and collaboration between CLIVAR and the WG. These are
discussed in some detail under item 7. She felt that it would be useful to informally present relevant
excerpts from the summary minutes of this meeting to the Co-chairmen of the Scientific Steering
Group (SSG) who will be at the meeting of the ICSU/WMO Joint Scientific Committee (JSC) of the
World Climate Research Programme (WCRP) which meets in Toulouse in March.
With regard to capacity building for climate change detection, Mrs Ramothwa highlighted the
priority areas of need:
Availability of reliable and comprehensive data sets to fill existing gaps in spatial and temporal
coverage (individual countries need to make the data available);
Development of scientific expertise to conduct climate change and variability studies including
climate modelling;
Establishment and development of new institutions in developing countries and strengthening
of existing institutions; and
Provision of computer facilities for the purposes of climate database management (e.g.
CLICOM) and to facilitate climate modelling studies.

Mrs Gudrun Rosenhagen described her experience in editing the first Annual Bulletin on the
Climate in WMO Region VI which was coordinated by Germany with financial support provided by
WMO and the European Climate Support Network (ECSN). Input for the publication was provided
from 25 countries in the region. She is again involved in producing the 2nd edition for the year 1995.
Mr Sun Anjian presented his rapporteur's report on the use of proxy data for climate change
detection (see Annex F, page 22). In the ensuing discussion, it was suggested that a representative
from the IGBP Past Global Changes (PAGES) project get involved with the Working Group perhaps
through CLIVAR. It was also suggested to consider involving experts from different disciplines,
particularly paleo proxy data.
Mr Ropelewski presented his rapporteur's report on model-adapted gridded data (see page 26
of Annex F). He described the three major reanalysis projects: ECMWF 1979-1994; NASA 19791995; and NCEP/NCAR 1958 - present. He mentioned that the March 1996 edition of the Bulletin
of the American Meteorological Society will contain an article on the NCEP/NCAR reanalysis project
and include a sample of the data on a CD ROM.
Dr Nobre described the some of the projects at his institute (see page 25 of Annex F) which
include analysis of temperature trends in the Amazon basin and regional climate change scenarios in
northeastern Brazil. They have also developed a model to forecast monthly rainfall anomalies and the
model replicates the actual precipitation index well.
Dr Heino introduced and gave a brief overview of the report of rapporteur on reference
climatological stations who was unable to participate in the meeting. Mr Findlay's full written report
can be found on page 5 of Annex F.
5.

EXCHANGING DATA WITH DEVELOPING COUNTRIES

Mr Fol land informed the group that a global gridded surface data set is being compiled by
combining data used for the Global Ocean Surface Temperature Atlas with land surface data. The
Jet Propulsion Laboratory (JPL) will produce a version of this combined gridded data set on CD ROM.
There will be 1800 copies produced which should allow enough to distribute one to each WMO
Member. Other data sets soon to be available on CD ROM are the WMO Climatic Normals being
produced by NCDC and also the data from the NCEP/NCAR reanalysis project.
6.

PLANNED WORKSHOP ON HOMOGENIZATION OF DATA

The Working Group reviewed a draft of the first announcement of a planned seminar on the
homogenization of climate data sets used for time series analysis which is scheduled to be held in
Budapest Hungary 6-9 October 1996. This seminar will be co-sponsored by WMO and a grant of Sf r
5,000 is being contributed from the budget of the Climate Change Detection project. Some
comments to improve the wording of the announcement were suggested and will be passed on to the
organizers of the meeting.
7.

RECONSTITUTING THE WG TO BECOME A JOINT CCL/CLIVAR WG

Collaboration between the CCI Working Group on Climate Change Detection and CLIVAR
To facilitate the discussion of this topic, the Working Group referred to the latest version of
the terms of reference (see Annex G) and a definition of the term "climate change detection" which
was developed at the second session of the Working Group in March 1994 (see Annex H). The
description of the Climate Change Detection Project that is found in Volume 2 of Part II of the Fourth
WMO Long-term plan 1996-2005 was also found to be a useful reference. Areas of potential
collaboration were discussed and then used as a basis to prepare a draft letter (see Annex I) to the
joint chairmen of the CLIVAR SSG. Four principal areas of collaboration emerged:
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Climate change and variation indices

The creation of an appropriate index list requires the setting up of a Task Group. It is
proposed that a Task Group drawn from the Working Group and the CLIVAR community be set up
and report before the term of the current Working Group on Climate Change Detection expires (April
1997). The purposes of the Task Group would be:
(i)
(ii)
(iii)

Agree on an immediate list of indices;
Identify other indices which might be useful;
Identify the data development efforts required to acquire new indices not on the
"immediate list".

There should also be discussion of the key climate data sets needed for climate change
detection in the short to medium term.
(2)

Climate Forcing Data Sets

This also requires a joint input from CLIVAR and the Working Group. Following some
discussions of possible forcing data needs at the current Working Group meeting, it was suggested
that a new joint CLIVAR/CCI Working Group consider this matter at its first meeting, inputs from the
CCI Working Group on Climate Data, the CMDL activity on trace gases and the GAN community
would be essential. Two main aspects need consideration:
(i)
(ii)

Creation of gridded data sets for the past;
Development of a strategy for keeping gridded forcing data sets up to date;

Some form of "registration" of these data sets should be considered. The nearest analogue is the
AMIP/SST sea ice extent data set.
(3)

Paleoclimate

A future working group needs stronger links with the paleo data community given the
exceptional importance of worldwide paleo data for the last 1,000 years. Thus a representative from
PAGES should become a member in addition to maintaining existing links with this community.
(4)

Instrumental Data Recovery

As an early follow-up to the forthcoming selection of GCOS stations, selected DARE data sets
should be digitized. A new CLIVAR/CCI Working Group should ensure that this activity takes place,
monitor the results and arrange for further selective digitization if needed (need to say where the
money will come from).
More general data issues that such a joint CCI/CLIVAR group should discuss and catalyse
were mentioned as follows:
(i)
EUMETSAT is setting up a monitoring activity. The new WG should have an input to this
activity, so a representative of EUMETSAT should be invited to the first WG meeting.
(ii)

Other aspects of satellite data

Some limited expertise already exists on the present WG. Several new types of data relevant
to climate change detection are becoming available, e.g. land surface vegetation. The Working Group
was advised of version 1.0 of the GCOS Plan for Spaced-based Observations. Some of the
recommendations in this plan such as those for determining climate forcing functions from space are
particularly pertinent to the aims of this Working Group. In addition to climate forcing function
parameters, the Working Group identified sea surface temperatures, sea-ice boundaries and vegetative

indices as other important parameters for climate change detection. The potential usefulness of
satellite data in developing climate change indices was also mentioned. The first meeting of the new
WG should review these issues and initiate follow-up action.
8.

COORDINATION WITH THE SYSTEM FOR ANALYSIS, RESEARCH AND TRAINING (START)

The Working Group was informed that as yet there had been no firm contact with anyone
from the System for Analysis, Research and Training (START). It was agreed that the WMO
Secretariat and the Rapporteur on Capacity Building in Climate Change Detection should initiate such
contacts.
9.

IMPROVEMENTS THE WMO STATEMENTS ON THE STATUS OF THE GLOBAL CLIMATE

The Working Group carefully reviewed the WMO Statement on the Status of the Global
Climate in 1995 which has been reduced in size to 12 pages from 2 4 and will be given a much
broader distribution than previous issues with plans to print 5,000 copies .hopefully in April.
10.

DEVELOPMENT OF INDICATORS FOR CLIMATE CHANGE DETECTION

This topic was addressed under a previous agenda item (see paragraph 7.1) where it was
proposed to establish a special Task Group.
11.

RECOMMENDATIONS FROM THE DATA REQUIREMENTS TASK GROUP

The recommendations from the report of the Task Group were reviewed and the responses
developed are shown in Annex J . The Task Group report in its entirety is attached at Annex K.
12.

FORMULATE RECOMMENDATIONS
The Working Group recommended the following:

(a)
There should be continued co-operation with GCOS in the development and implementation
of the GCOS Permanent Land-based Surface Climate Observation Network and guidance should be
offered when considered appropriate. The guidance from this working group to the upcoming
CCI/CBS expert meeting in Norwich should emphasize that the GCOS network should, wherever
possible, incorporate stations already designated in national Reference Climatological Station (RCS)
networks. Also, a focussed effort should be made to utilize the DARE I data in the specification of
GCOS surface network station in Africa. It was recommended that a list of all DARE I stations along
with their period of record be made available for the meeting in Norwich.
(b)
On the occasion when WMO Members are approached for their comments on the stations
being proposed for inclusion in the GCOS surface network, it should be emphasized that the GCOS
network will provide a framework for the denser set of stations that will be used in many climate
change detection, climate change mechanisms, and climate change impact studies. It is a minimum
subset of stations needed for climate change detection purposes and members should be encouraged
to use this occasion to review and further the establishment of national RCSs.
(c)
With regard to the suggestion by the 12th WMO Congress "that consideration be given to
reconstituting the CCI Working Group on Climate Change Detection as a joint CCI/CLIVAR working
group" the following recommendations were made:
Informally present relevant excerpts from the summary minutes of this meeting to the cochairmen of CLIVAR Scientific Steering Group who will be participating in the meeting of the
ICSU/WMO Joint Scientific Committee (WCRP) to be held in Toulouse in March; and,

The chairman of the WG send a letter (see draft in Annex I) to the co-chairmen of CLIVAR
Scientific Steering Group (with a copy to the president of CCI) outlining areas of possible joint
collaboration and inviting their input on these proposals and on a suitable strategy with regard
to reconstituting the working group.
(d)
A task group of this working group be formed to initiate the development of indices to monitor
natural and anthropogenic climate variability and change.
(e)
Copies of the CD ROMs containing gridded surface temperature data sets being developed
by the Jet Propulsion Laboratory and the Hadley Centre should be distributed to all WMO Members.
Also, it is recommended to distribute copies of the CD ROM containing 1961-1990 WMO Normals
data and the one with sample data from the NCEP/NCAR reanalysis project.
(f)
The Working Group, in its reconstituted form, should seek to involve participating experts from
the following disciplines that are not currently represented well enough on the Working Group such
as:
climate modelling;
Glacier monitoring;
climate change forcing data sets including trace gases;
finger printing (multivariate statistical) methodology in CCD;
remotely sensed data, particularly that from satellites;
climate change indices;
hydrology, particularly runoff;
IGBP PAGES project; and,
ocean processes.
(g)
The WMO Secretariat and the Rapporteur on Capacity Building in Climate Change Detection
should initiate contacts with the System for Analysis, Research and Training (START).
(h)
The chairman of the Working Group, along with the co-chairmen of CLIVAR Scientific Steering
Group should prepare a proposal to CCI on reconstituting the CCI Working Group on Climate Change
Detection as a joint CCI/CLIVAR working group.
(i)
The Rapporteur on Data Set Certification should compile a list of data sets considered useful
for detecting climate change. The Rapporteur should maintain an awareness of the activities of the
GCOS Data and Information Management Panel in this area. It is further recommended that name
of the rapporteur and the corresponding function in the Working Group's terms of reference be
modified to reflect the idea of registration of data sets rather than certification.
(j)
The Working Group in its reconstituted form should work closely with the CCI Working Group
on Climate Data concerning:
the
the
the
the
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building of and access to climate data sets to support the development of climate indices;
development of data catalogue and other metadata;
use of CLICOM in digitizing DARE-related data sets; and,
full and open exchange of climate data sets.

NEXT MEETING OF THE CCL WORKING GROUP ON CLIMATE CHANGE DETECTION

It is anticipated that the next full meeting of the working group in its reconstituted form would
likely occur in 1998 following the meeting of the Commission for Climatology in 1997. It was
proposed, however, that the task group on climate indices meet early in 1997.

ANNEXA
MEETING OF THE CCI WORKING GROUP
ON CLIMATE CHANGE DETECTION
(Geneva, 26 February - 1 March 1996)

LIST OF PARTICIPANTS
Dr R. Sneyers
Institut Royal Météorologique de Belgique
3, avenue Circulaire
B-1180 BRUSSELS
Belgium
Tel: (32 2) 3730622
Fax: (32 2 ) 3 7 5 1 2 5 9
e-mail: rsneyers@oma.be

Mrs P.M. Lesolle
Botswana Meteorological Services
P.O. Box 10100
GABORONE
Botswana
Tel: (267) 356284/356281
Fax: (267) 356282

Dr P. Nobre
CPTEC/INPE
Rod. Près. Dutra KM40
12630-000 Cachoeira Paulista SP
Brazil
Tel: (55 1 2 5 ) 6 1 2 8 2 2
Fax: (55 1 2 5 ) 6 1 2 8 3 5
e-mail: pnobre@cptec.inpe.br

Dr U. Cubasch
Deutsches Klimarechenzentrum
Bundesstrasse 55
D-20146 Hamburg
Germany
Tel: ( 4 9 4 0 ) 4 1 1 7 3 376
Fax: (4940) 41173 4 0 0
e-mail: cubasch@dkrz.de

Mr Sun Anjian
National Climate Centre
Climate Diagnostic Lab.
China Meteorological Administration
46 Baishiqiaolu
100081 Beijing
China
Tel:
Fax:

(86 01 ) 2 1 7 2 2 7 7 ext. 3175
(86 0 1 ) 8 3 3 4 0 2 3

Dr R. Heino
Finnish Meteorological Institute
Box 503
FIN-00101 Helsinki
Finland
Tel:
(358 0 ) 1 9 2 9 6 5 0
Fax:
(358 0 ) 1 9 2 9 5 3 7
e-mail: raino.heino@fmi.fi

Mrs G. Rosenhagen
Deutscher Wetterdienst
Bernhard Nocht Strasse 76
D-20359 Hamburg
Germany

Tel:
Fax:

(49 40)31908844
(49 40)31908803

e-mail: g u d r u n . r o s e n h a g e n @ s w a
m4.hamburg.bsh.d400.de

Dr G. Gruza
Climate Monitoring & Probabilistic Forecasting
Department
Institute for Global Climate & Ecology
20b Glebovskaya Street
107258 Moscow
Russian Federation
Tel:
Fax:
e-mail:

(7 0 9 5 ) 1 6 9 1 1 0 7
(7 0 9 5 ) 1 6 0 0 8 3 1
gruza@omvpk.msk.su

ANNEX A, pg. 2
Dr C. Folland
Head of Climate Variability Research Group
Hadley Centre for Climate Prediction &
Research
Meteorological Office
London Road
Bracknell, Berks. RG12 2SY
UK
Tel: (44 1344) 856646
Fax: (44 1344) 854898
e-mail: ckfolland@meto.govt.uk

Dr P. Jones
Climatic Research Unit
School of Environmental Sciences
University of East Anglia
Norwich NR4 7TJ
UK
Tel: (44 1 6 0 3 ) 5 9 2 0 9 0
Fax: (44 1603) 507784
e-mail: p.jones@uea.ac.uk

Mr M. Crowe
National Climatic Data Center (NCDC)
NOAA
151 Patton Avenue
Asheville NC 28801-5001
USA
Tel:
Fax:
e-mail:

(1 704)
(1 704) 271 4 2 4 6
mcrowe@ncdc.noaa.gov

Mr C. Ropelewski
Chief, Analysis Branch
Climate Prediction Center, N/NP52
NCEP/NWS/NOAA
5200 Auth Road
Camp Springs, MD 20746
USA
Tel:
Fax:
e-mail:

(1 3 0 1 ) 7 6 3 8227
(1 3 0 1 ) 7 6 3 8395
wd52cr@sun1 .wwb.noaa.gov

WMO Secretariat

Dr V. Boldirev

Director, World Climate Programme Department

Dr T. Spence

Director, Joint Planning Office for the Global Climate
Observing System

Mr P. Scholefield

Chief, World Climate Data and Monitoring Programme
World Climate Programme Department

Mr E. Sarukhanian

Chief, Observing System Division
World Weather Watch Department

Mrs V. Detemmerman

World Climate Research Programme

Mr J . Miller

Chief, Environment Division
Atmospheric Research &
Department

Mr Z.W. Kundzewicz

Environment

Water Resources Division
Hydrology & Water Resources Department

Programme

ANNEXB
WORLD METEOROLOGICAL ORGANIZATION

WGCCD/Doc. 1
(05.1.1996)

MEETING OF THE CCI WORKING GROUP
ON CLIMATE CHANGE DETECTION
ITEM 1
GENEVA, 26 FEBRUARY - 1 MARCH 1996
ENGLISH

PROVISIONAL AGENDA

ORGANIZATION OF THE MEETING
1.1
1.2
1.3

Opening Remarks
Adoption of the Agenda
Working Arrangements

IMPLEMENTATION OF THE GCOS PERMANENT LAND-BASED SURFACE CLIMATE
OBSERVATION NETWORK
3.

INTERACTION WITH IPCC

4.

REPORTS BY RAPPORTEURS

5.

EXCHANGE DATA WITH DEVELOPING COUNTRIES

6.

PLANNED WORKSHOP ON HOMOGENEIZATION OF DATA

7.

RECONSTITUTION OF THE WG TO BECOME A JOINT CCI/CLIVAR WG

8.

CO-ORDINATE WITH THE SYSTEM FOR ANALYSIS, RESEARCH AND TRAINING (START)

9.

IMPROVEMENTS THE WMO STATEMENTS ON THE STATUS OF THE GLOBAL CLIMATE

10.

DEVELOPMENT OF INDICATORS FOR CLIMATE CHANGE DETECTION

11.

RECOMMENDATIONS FROM THE DATA REQUIREMENTS TASK GROUP

12.

FORMULATE WG RECOMMENDATIONS

13.

NEXT MEETING

ANNEX C
Joint CCI/CBS Expert Meeting on the Baseline
Surface Network for GCOS
(University

of East Anglia, Norwich,

UK, 25-27

March

1996)

Background
A t the meeting of its second session in March 1994, in Washington, the CCI Working
Group on Climate Change Detection recognized the difficulties being experienced by WMO in
encouraging Member countries to establish Reference Climatological Station (RCS) networks. It
proposed collaboration with the Global Climate Observing System GCOS to provide new impetus
in the establishment of national RCS networks.
The Atmospheric Observation Panel (AOP) of GCOS met the following month in Hamburg
and considered this proposal from the CCI Working Group on Climate Change Detection. The AOP
recommended that a Task Group be established, having representatives from the CCI Working
Groups on Climate Data and Climate Change Detection and the AOP, with the purpose of
specifying a baseline network of approximately 200 stations, selected from those which would
qualify as WMO Reference Climatological Stations. A complementary initiative to establish a
GCOS Baseline Upper Air Network was already well under way at that time.
The meeting of the Task Group took place in Geneva, 30 January - 2 February 1995. It
recognized that there is no comprehensive global network of surface observing stations that has
been scientifically recognized or endorsed for use in the routine monitoring and analysis of the
variability and trends in global temperature. There is a critical need for such a network. It
proposed a network of approximately 800 stations which would accommodate observed data
from most land areas, including many mid-oceanic islands, at an approximate density of one
station per 250 0 0 0 square kilometres. This number of stations was considered adequate to
monitor global and large hemispheric temperature variability and would permit some multi-element
analysis. A document giving the rationale for the network was produced, based on the discussions
at the meeting of the Task Group.
The AOP of GCOS met the following month in Tokyo and agreed with the proposal for
approximately 800 stations to be included in the network which would be initially specified by the
Climatic Research Unit at the University of East Anglia. The AOP further proposed that it
collaborate with the CCI Working Group on Climate Change Detection to establish a task team of
experts to prepare an initial design of the network, starting with the initial list specified by the
Climatic Research Unit at the University of East Anglia.
The third session of the CCI Working Group on Climate Change Detection will meet in
Geneva from 26 February to 1 March. It will consider the recommendations and work of the Task
Group and examine the progress made in the initial specification of the list of stations. It is
expected that the Working Group will re-emphasize that the development of this network is an
integral and inseparable part of the strategy of the Climate Change Detection project to encourage
WMO Members to build and maintain national RCS networks. These considerably more dense
networks are critically important for the analysis and monitoring of a variety of climatic
parameters on regional and national scales. The GCOS network should be developed as global
subset of the totality of the national RCS networks.
Purpose of the meeting
The purpose of this meeting is to review the initially specified list of 800 stations and
compare it with other lists of observing stations, that have been compiled for a variety of
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purposes, to ensure the stations specified are optimum in terms of spatial distribution, length and
homogeneity of record, parameters observed, quality and the accessibility of the ongoing
observations.
The following are the lists of stations that will be available to participants before (*) and
at the meeting to compare with the * initially specified list of 800 stations:
1.

* Station lists submitted to WMO from 73 countries that responded to a 1990 RCS
questionnaire;

2.

*GCOS Baseline Upper Air Network;

3.

*WMO Global Atmospheric Watch Network;

4.

* Regional Basic Synoptic Networks of the World Weather Watch Programme;

5.

CLIMAT station network;

6.

Selection from the Global Historical Climate Network of the National Climatic Data Center
in USA;

7.

Complete list used by the Climatic Research Unit of the University of East Anglia;

8.

List of DARE I stations from the International Data Rescue Coordination Centre; and,

9

List of stations that were submitted for preparation of the 1961 - 1990 Normals.

ANNEXD
Guidance from the CCI Working Group on Climate Change Detection
to the Joint CCI/CBS Expert Meeting on the
GCOS Permanent Land-based Surface Climate Observation Network
Purpose
The proposed GCOS network of stations has been selected to provide a homogeneous array
of high quality stations of sufficient density and coverage over land to allow, with the inclusion of
ocean surface observations, the detection of the spatial patterns and scales of temperature change
at the surface. This network will also provide a basis for detection of atmospheric circulation
changes. Additionally, the network will provide a framework for the denser set of stations that will
be used in many climate change detection, climate change mechanisms, and climate change impact
studies.
The network could also be used as one basis for the quality control of denser temperature
networks and for other variables (e.g., precipitation). An additional consideration is the potential
value of the network in providing observations for the monitoring of extremes and variability of
weather phenomena. While the network is intended to provide long-term data continuity, replacing
or adding stations may be necessary from time to time to minimize gaps, especially in data sparse
regions.
Rationale
A document describing the conceptual design and rationale for the network was prepared
immediately following the February 1995 meeting of the Data Requirements Task Force of the CCI
Working Group on Climate Changer Detection. The document was reviewed by the Working Group
at its 3rd session (see WGCCD/Doc.7) and used to prepare the more concise and improved version
of the purpose of the network given in the previous two paragraphs.
The rationale used by P. Jones (Climatic Research Unit) in deciding which stations to include
is outlined in a document entitled "Selection of a GCOS Network of 800 Stations" (see WGCCD/Doc
8). The criteria used were that the station record was long, homogenous (according to published
papers by Jones and others), that the temperature data are available to the Climatic Research Unit
and that the station be currently observing and reporting. Also, where possible, urban centres were
avoided. It was not always possible to meet all these criteria in some regions of the world. To
achieve reasonable spatial representation, approximately one station per 5 ° x 5 ° square of the world
was chosen. The greater variability of air temperature and sea level pressure in mid-to-high latitudes
implies more stations per unit area should be selected in these regions as opposed to tropical
latitudes. In this respect, the network will not give suitable coverage for the analysis of other climate
variables such as precipitation.
Task
The CCI/CBS expert group should assess the list given their working knowledge, using
information from the recent CCD working group meeting in February 1996 in Geneva and referring
to the 8 lists of stations provided: WMO RCS; GCOS UA; WMO GAW; WMO CLIMAT; NCDC GHCN;
WMO RBSN; IDCC DARE; and WMO CLINO).
Replacements to the list should preferably, be both from the WMO RCS lists and be stations
that are currently on the GTS/CLIMAT network. In data sparse regions (i.e. 5 ° x 5 ° boxes with no
suggested stations), the group should either include stations, preferably from the WMO RCS lists or
other information available, or identify gaps where relevant countries could be asked to suggest
possibilities. If stations are not currently available on the GTS, countries should be requested to add
the station's report to the GTS and supply the historical record for the station for all essential and
desired variables over the time period that they are considered homogeneous.
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Sub-monthly data
The GCOS surface observation network is designed, primarily, to provide an anchor for
monthly observational estimates of the global surface land temperatures and large scale temperature
patterns. However, it is recognized that analysis of the variability in higher frequency phenomena,
e.g., weather, is an important component of climate variation and change. Thus, it is assumed, that
the GCOS network will eventually provide the observational basis for research and monitoring the
statistics of weather phenomena on climate time scales.
Scientific Validation
It is envisaged that once the network has been vetted through the WMO and becomes
established, it will need to be scientifically validated with repect to the accuracy and
representativeness of the data.
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IPCC 1995 SCIENTIFIC ASSESSMENT - CHAPTER 3
"OBSERVED CLIMATE VARIABILITY AND CHANGE"
Summary
Has the climate warmed?
• The estimate of warming since the late 19th century has not significantly changed since the
estimates in IPCC (1990) and IPCC (1992), although the data have beenreanalysed,and more
data are now available. Global surface temperatures have increased by about 0.3 to 0.6C since
the late- 19th century, and by about 0.2 to 0.3 C over the last 40 years (the period with most
credible data). The warming has not been globally uniform. Some areas have cooled. The
recent warming has been greatest over the continents between 40 and 70 N.
• The general, but not global, tendency to reduced diurnal temperature range over land, at least
since the middle of the 20th century, noted in IPCC (1992), has been confirmed with more data
(representing more than 40% of the global land mass). The range has decreased in many areas
because nights have warmed more than days. Cloud cover has increased in many of the areas
with reduced diurnal temperature range. Minimum temperature increases have been about twice
those in maximum temperatures.
• Radiosonde and Microwave Sounding Unit observations of tropospheric temperature show
slight overall cooling since 1979, whereas global surface temperature has warmed slightly over
this period. There are statistical and physical reasons (e.g., shortrecordlengths; the different
transient effects of volcanic activity and El Nino-Southern Oscillation) for expecting different
recent trends in surface and tropospheric temperatures. After adjustment for these transient
effects, which can strongly influence trends calculated from short periods of record, both
tropospheric and surface data show slight warming since 1979. Longer term trends in the
radiosonde data, since the 1950s, have been similar to those in the surface record.
• Cooling of the lower stratosphere since 1979 is shown by both Microwave Sounding Unit and
radiosonde data (as noted in IPCC, 1992), but is larger (and probably exaggerated because of
changes in instrumentation) in the radiosonde data. The current (1994) global stratospheric
temperatures are the coolest since the start of the instrumentalrecord(in both the satellite and
radiosonde data).
• As predicted in IPCC (1992), relatively cool surface and tropospheric temperatures, and a
relatively warmer lower stratosphere, were observed in 1992 and 1993, following the 1991
eruption of Mt. Pinatubo. Warmer surface and tropospheric temperatures reappeared in 1994.
Surface temperatures for 1994, averaged globally, were in the warmest 5% of all years since
1860.
• Further work on indirect indicators of warming such as borehole temperatures, snow cover, and
glacier recession data, confirm the IPCC (1990) and (1992)findingsthat they are in substantial
agreement with the direct indicators of recent warmth. Variations in sub-surface ocean
temperatures have been consistent with the geographical pattern of surface temperature
variations and trends.
• As noted in IPCC (1992) no consistent changes can be identified in global or hemispheric sea
ice cover since 1973 when satellite measurements began. Northern Hemisphere sea ice extent
has, however, been generally below average in the early 1990s.
Has the climate become wetter?
• There has been a small positive ( 1 %) global trend in precipitation over land during the 20th
century, although precipitation has been relatively low since about 1980. Precipitation has
increased over land in high latitudes of the Northern Hemisphere, especially during the cold
season, concomitant with temperature increases. A step-like decrease of precipitation occurred
after the 1960s over the subtropics and tropics from Africa to Indonesia, as temperatures in this
region increased. The various regional changes are consistent with changes in streamflow, lake
levels, and soil moisture (where data are available and have been analysed).
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There is evidence to suggest increased precipitation over the central equatorial Pacific Ocean, in
recent decades, with decreases to the north and south. Little can be said about precipitation
changes elsewhere over the ocean.
Northern Hemisphere snow cover extent has been consistently below the 21 year (1974-1994)
average since 1988. Snow-radiation feedback has amplified spring-time warming over mid- to
high latitude Northern Hemisphere land areas.
Evaporation appears to have decreased since 1951 over much of the former Soviet Union, and
possibly also in the USA. Evaporation appears to have increased over the tropical oceans
(although not everywhere).
The evidence still suggests an increase of atmospheric water vapour in the tropics, at least since
1973. as noted in IPCC (1992).
In general, cloud amount has increased over the ocean in recent decades, with increases in
convective and middle and high-level clouds. Over many land areas, cloud increased at least up
to the 1970s. IPCC (1990) and (1992) also reported cloud increases.

Has the atmospheric/oceanic circulation changed?
• The behaviour of the El Nino-Southern Oscillation(ENSO), which causes droughts or floods in
many parts of the world, has been unusual since the mid-1970s and especially since 1989. Since
the mid-1970s, warm (El Nino) episodes have been relatively more frequent or persistent than
the opposite phase (La Nina) of the phenomenon. Recent variations in precipitation over the
tropical Pacific and the surrounding land areas (e.g., the relatively low rainfall over the
subtropical land areas in the last two decades) are related to this behaviour in the El NinoSouthern Oscillation, which has also affected the pattern and magnitude of surface temperatures.
Has the climate become more variable or extreme?
• The data on climate extremes and variability are inadequate to say anything about global
changes, but in some regions, where data are available, there have been decreases or increases in
extreme weather events and variability.
• Other than the few areas with longer term trends to lower rainfall (e.g., the Sahel), little
evidence is available of changes in drought frequency or intensity.
• There have been few studies of variations in extreme rainfall events and flood frequency. In
some areas with available data there is evidence of increases in the intensity of extreme rainfall
events, but no clear, large-scale pattern has emerged.
• There is some evidence of recent (since 1988) increases in extreme extra-tropical cyclones over
the North Atlantic. Intense tropical cyclone activity in the Atlantic has decreased over the past
few decades although the 1995 season was more active than recent years. Elsewhere, changes
in observing systems and analysis methods confound the detection of trends in the intensity or
frequency of extreme synoptic systems.
• There lias been a clear trend to fewer extremely low minimum temperatures in several widely
separated areas in recent decades. Widespread significant changes in extreme high temperature
events have not been observed.
• There have been decreases in daily temperature variability in recent decades, in the Northern
Hemisphere mid-latitudes.
Is the 20th century warming unusual?
• Northern Hemisphere summer temperatures in recent decades appear to be the wannest since at
least about 1400 AD, based on a variety of proxy records. The warming over the past century
began during one of the colder periods of the last 600 years. Data prior to 1400 are too sparse to
allow the reliable estimation of global mean temperature. However, ice core data from several
sites around the world suggest that 20th century temperatures are at least as warm as any century
since at least about 1400, and at some sites the 20th century appears to have been wanner than
any century for some thousands of years.
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Large and rapid climatic changes affecting the atmospheric and oceanic circulation and
temperature, and the hydrologie cycle, occurred during the last ice age and during the transition
towards the present Holocene period. Changes of about 5 C occurred on time-scales of a few
decades, at least in Greenland and the North Atlantic.
Temperatures have been far less variable during the last 10,000 years (the Holocene), relative to
the previous 100,000 years. Based on the incomplete observational and palaeoclimatic evidence
available, it seems unlikely that global mean temperatures have increased by 1°C or more in a
century at any time during the last 10,000 years.
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Report of the Rapporteur on Data Set Certification
[Presented by G. Gruza)

Recommendations

(concerning Data Set Certification)

The WG agreed that refereed publication, including use in the IPCC Scientific
Assessments, already constitutes adequate certification for a dataset.
The WG recommended that the selected datasets relevant to CCD investigations
(CCD-datasets) be made widely available in digitable form with appropriate
software using technologies such as CD ROM and anonymous FTP:
1. The authors should be invited to prepare, distribute and send to WMO server
(working as INTERNET post server or anonymous FTP) the message with
CCD-dataset declaration, including dataset-name, name of variable, author(s),
address to contact, references for publication, and short others.
2. CCD-datasets should include the historical time series of the selected
monthly mean and anomaly fields and climatic indices such as SAT (by
PhJones), GISST (by Chris Folland & David Parker), SOI (by Chet
Ropelewski) etc.
3. The selected climate model results should be included into CCD-datasets too.
4. The CCD-data time series must be available via CD ROM or other media.
The UPDATE-tables for CCD-datasets as well as all corrections (if any) must
be available via anonymous FTP (within INTERNET).
5. NCPC (NCDC), Hadley Center, CDIAC and others (?) should be asked to
give assistance in CCD-datasets compiling, keeping and distributing.
6. The lists of new CCD-datasets, as well as those of any improved versions
and update tables should be publicated in WMO Bulletins, World Climate
News and GCOS Newsletters.
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Report of the Rapporteur on Data Homogeneity of Instrumental Records
(Presented by R. Sneyers)
Climate instability determination
Principle and method - Results and underlying background

Summary

Statistical modelling of climatological series is performed through a thorough investigation
of the statistical properties of these series. Considering that simple randomness is defined by the
joint properties of independence and distribution stability of the elements of the series, appropriate
distribution free tests are applied and their use justified.
The Oulu series of annual and seasonal averages of air temperature (1846-1995) are, as
an example, fully analysed. The main result for each case is an abrupt evolution as well for the
mean as for the dispersion with constant alternating shifts.
The comparison with the results found for the annual averages of the air temperature of
NH, Brussels and Krakow; Austria, Genova and USA and finally, Central Englaiid reveal the
existence of common properties in climate instability.
Analysing in the same way a solution of the Lorenz equations defining a simple case of
thermic instability, a similar serial instability is found, instability which may be attributed to the
non-linear character of these equations.
Climate being generated by two sets of non-linear equations (G.A.C; G.O.C.) and by an
Earth surface heterogeneity, this may explain its intrinsic instability.
Moreover, the non-linear character of the equations acting apparently at any scale, it
should be expected that climate is at any scale a chaotic random process, conclusion which puts
severe limits to any kind of climate prediction.
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Report of the Rapporteur on Metadata and
Archival Survey for Climate History
[Presented by R. He/no)
Data Homogeneity and Metadata

In practice, it is difficult to obtain long homogeneous data records. Various factors, such as
changes in instruments and their exposure, observation times and averaging methods and
observation sites and their environments introduce inhomogeneities into the data. Most of
the inhomogeneities are step-like changes and typically alter the average value only,
usually leaving the higher statistical moments unchanged. An inhomogeneity, however,
may also contain changes in variability or in other distribution parameters. In practice, the
inhomogeneity of a longer-term time series, is usually a combination of many factors.
It is obvious that the apparent variations should be eliminated in order to get meaningful
research results. Several statistical methods are available, which can show whether any bias
is included in the data records. Some methods provide also an indication of its location, but
the causes cannot be revealed by any statistical methods. Information on the history of the
measurements and stations ("metadata") is thus essential for a successful study of the data
homogeneity. It should be added that the definition of metadata is much broader and it
includes typically information related to all kind cataloguing of data, not only surface
climatological stations.
A straightforward way to identify possible points of inhomogeneity in records is a careful
study of the "methodological history" of the country in question (e.g. country-wide changes
in instrumentation or times of observations and averaging methods). The background of
each observing station should also be checked from station inspection reports or other
relevant documents. Any changes in instrumentation or location should be checked as a
possible source of inhomogeneity.
Studies of methodological or single station histories are quite difficult and time-consuming
to conduct. In addition, the necessary information sources for a given country are available
only in that country. The language in which the information is described may also hinder
this kind of study by outsiders.
Some attempts to create computerised metadata-files, however, have been made. The
National Climatic Data Center has a comprehensive metadata file system for the United
States and an on-going activity to form a global metadata file for their Global Historical
Climate Dataset. The metadata of the basic stations of the former Soviet Union is also
available.
The North Atlantic Climatological Dataset-countries have also worked hard with the metadata issue. Similar principles will be used by the European Climate Support Network.
Metadata-files of several single countries are also known to the rapporteur. The WMO
inventory of climatological stations can also be regarded as a massive metadata-file. It may
form the basis for the global metadata system.
The role of the WMO is mainly to increase the awareness of the importance of metadata
and to encourage improved documentation and usage of metadata world-wide. The available global metadata files (in the first place the WMO inventory of climatological stations
and the activities of both the World Data Centres) should be further supported.
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Archival Survey for Climate History

The meteorological community is mainly working with the instrumental meteorological
and climatological observations. However, in order to build a link between the
meteorologists and other scientists working with historical and proxy data and to
expand the current climatological data series back in time the WMO has initiated the
work in the field of historical climatology.
The Commission for Climatology has nominated a rapporteur, as a part of its Working
Group on Climate Change Detection, to review the present status of historical climate
data around the world and to give advice on the possibilities to use historical data in
climate (change) studies.
The WMO Secretariat initiated in 1990, together with the International Council on
Archives (ICA),UNESCO and ICSU, a pilot project in Europe to determine the
feasibility and reliability of data and information retrieved from the archives (cf.
WCDP-12, WMO/TD-No.372).
Separately, another project, EUROCLIMHIST, is also going on in Europe. It is lead by
Prof.C.Pfister in Bern University. A North European subgroup has been especially
active in this area.
The microfilming data rescue efforts of the DARE I-project is under way in about 30
countries in Africa. The International Data Rescue Co-ordinating Centre (IDCC) in
Brussels, operated by the Royal Meteorological Institute of Belgium, has continued to
provide training and data management for the project.
A DARE-related project, ARCHISS, involving WMO, ICA, ICSU and UNESCO has
undertaken an archival search for climate data in parts of Central and South America.
Several countries have offered financial support.
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Report of the Rapporteur on Reference Climatologlcal Stations (RCS)
{Presented by B. Findlay)

INTRODUCTION
This report describes progress to date in the establishment of a world
network of high-quality reference climatologlcal stations, referred to also
as the WMO RCS Network. For many years now, WMO has encouraged member
countries to establish or maintain networks of long-term,- carefully
maintained observing stations in order to have suitable series of data for
the statistical analysis of climatic events and trends. A survey conducted by
the World Climate Programme secretariat in 1990 indicated that" many countries
have in place these kinds of networks, but globally there is unevenness both
in the geographical distribution, and in the application of criteria for
station selection. In the light of widespread concern over climatic
variability and environmental degradation, the question of having sufficient
reliable observations for research into causes and effects, including the
confirmation of models, remains of paramount importance'to the world
community.
At the Commission for Climatology (CCI) XI Session held at Havana in 1993 the
position of a Rapporteur on Reference Climatological Stations was continued
from the previous session, but this time was assigned as a member of the
Working Group on Climate Change Detection, in recognition that observed data
are needed to confirm with certainty the dimensions of significant climatic
fluctuations. This Rapporteur participated with the above Working Group
through 1995 in the definition of its activities,, and preparing outputs.
PREVIOUS WORK
The previous Rapporteur on Reference Climatological Stations (R. Heino,
Finland) was a member of the Working Group on Climate Data. His final report
was printed as WMO/TD Nos. 523 (WCDMP 21). His report provided a
comprehensive background to the present work in that it brought* forward the
historical basis for reference stations and summarized today's need for an
RCS network not only in the context of the global warming and environmental
change Issues, but also for application to many questions related to climatic
variability. It summarized the efforts of WMO over recent decades and
described the characteristics of climatological stations meeting the
designation "reference", beingt high-quality, long-term with well-documented
histories, continuous and continuing operations, homogeneous data time-series
and spatially-representative, obstruction-free siting. A useful recent
reference on siting to add to the bibliography is by Ehinger (1993). The
nature of Inhomogeneities and other file problems were described by Heino
along with possible corrections using statistical analysis4
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At the Meeting of Experts held in Offenbach am Main (Germany) in 1992, (WMO
TD/535, WCDMP 23) the provisional results of the WMO 1990 survey on the
population of RCS' were discussed. It was reported that seventy-five
countries were operating 2300 reference stations. However, reports from some
regions were sparse or nonexistent, while others had many stations. Those
members who had not completed the questionnaire were urged to do so.
In February 1995, the present Rapporteur examined the completed
questionna ires on file at the World Climate Programme office in Geneva, and
confirmed that the response had been uneven, and the situation would reauire
further consultation with member countries and regional organizations, before
a WMO RCS network could be designated. However, the file contains much useful
information regarding how member countries view their reference stations, and
it is recommended that any global or regional networks developed for the
analysis of climatic variability and change be cross-referenced with these
stations which are held in high esteem by WMO members, along with, others
which may be named later by them.
As well at Offenbach am Main in 1992, it was noted that several research
institutes had compiled their own hemispheric or global climatological data
bases for research. In addition, international concern regarding recent
patterns of climatic variability had led to the formation of organizations
like the Global Climate Observing System (GCOS) which had already tabled
plans within its Initial Operating System to establish climate and climaterelated monitoring facilities for research using existing networks. The
Experts ' meeting recommended that WMO seek help from World Data Centres in
developing the RCS network, but it was evident that other avenues of cooperation were also possible. These possibilities came to be examined during
the present CCI Session. A second unresolved question concerned the fostering
of a notion of permanence in the operation of RCS's, strong enough to survive
difficult economic times that all national meteorological services face from
time to time.
RECENT ACTIVITIES
The Working Group on Climate Change Detection met in Silver Spring, Maryland,
USA in March 1994. Future steps in building the WMO RCS network in the light
of the 1990 questionnaire results were discussed, in particular the
possibility of collaboration with both World Data Centres, as suggested at
Offenbach am Main, and with the now-developing Global Climate Observing
System (GCOS). GCOS was in the process of establishing global-scale upper air
and surface climatological networks for monitoring variability and
undertaking research. WMO's scale of interest for RCS' had been regional and
national as well as global, and strict sets of criteria had been put forward.
However, following discussion with Mr. P. Julian who had assembled a
scientifically- selected upper air network for GCOS, it was decided to offer
direct assistance to GCOS in choosing 200 stations for a global surface landbased network. This proposal was accepted by the GCOS Atmospheric
Observations Panel (AOP) which met at Hamburg, Germany, in April 1994. The
Panel requested that a task group drawn from the CCI working groups on
Climate Change Detection and Data, GCOS representatives and staff of the
World Climate Data and Monitoring Programme convene and select candidate
stations, using existing RCS' where possible. The task.group met at WMO
headquarters in February-1995.
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INITIAL SELECTION CRITERIA FOR THE GCOS SURFACE CLIMATE NETWORK
The task group, which included this Rapporteur, was able to benefit from a
recent GCOS meeting of experts on climate observations held at Asheville USA
in January 1995. Discussion focussed on a paper by P. Jones (Land surface
temperatures - is the network good enough?) in which he calculated that a
well-distributed global temperature network of 170 stations would capture 95
per cent of the variations in the series at hemispheric Scale. The group
agreed that air temperature is the most valuable surface element for global
climate change detectionr but corroboration with the behaviour of other
elements is desirable. This is particularly true in the light of recent
evidence that climate system forcings can be initiated at regional"(eg. 1000km) scales, it was concluded that a larger, multi-element network was
desirable. Jones' paper indicated the presence of surface land temperatur
data within 779 grid-boxes, each box measuring five degrees of latitude and
longitude. At low latitudes a box would subsume 250 000 km2. The WMO'
reference stations density criterion is 2-10 per 250 000 km2.
The task group proposed a network of 800 stations, distributed among 250 000
km2 grid-boxes/ having mainly terrestrial surfaces. Each region would have
one or more representative stations which would measure air temperature
(daily maximum and minimum), and, (very desirably), would also have
observations of precipitation and pressure, as well as, (desirably),
humidity, sunshine, cloudiness and wind. Other criteria include: (a)
operational on a daily basis with plans to continue into the future; (b)
adequately situated, especially with regard tb minimizing existing and future
urban influences; (c) continuous 30-year record (minimum) of parameters .
desirable; (d) quality instrumentation and maintenance; (e) careful quality
control of data; (f ) adequate metadata. The framework and a conceptual design

and rationale document were presented at the March 1995 meeting of the AOP
held in Tokyo, where they received provisional acceptance.
Dr. P. Jones of the Climate Research Unit (CRU), University of East Aug lia,
U.K. was recruited to propose 800 candidate-stations. Over recent years the
CRU has assembled a workable real-time network for research- The CRU files
were used by the Intergovernmental Panel on Climatic Change (IPCC) for its
1990 report- other sources of data includeî fa) the Global Historical
Climate Network (GHCN) at the National Climatic Data Center* Asheville, USA;
(b) W M O / R C S network (under development); (c) WMO CLIMATr Global Atmosphere
Watch (GAW), and World Weather Watch (WWW) networks; (d) surface observations
associated with the GCOS baseline upper air network; (e) selected stations in
Third World areas whose historical series have been reconstructed by the DARE
(Data Rescue) project.
At present, there are practical limits to the operation of a near real-time
baseline surface climate network for GCOS. The lower limit has been
established by Jones' paper. In that same paper it was stated that only 900
of the stations transmitted monthly in the CLIMAT message of the Global
Telecommunications System (GTS) can be used for climate variability analyses,
these having an available 30-year reference period. Laver (1995) reports that
the GTS carries 1200-1800 CLIMAT reports monthly, but there are extensive
areas where less than half of the designated stations actually reach the
circuits. It is clearly a joint task of CCI and the Commission for Basic
Systems (CBS) to identify sources of high quality climate data which are
available for research in near, real-time. This process can begin with
examination of the 800 stations proposed by Jones.
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It may be concluded that a fruitful working arrangement has been established
between the CCI Working Groups on Climate Change Detection and Data and GCOS,
particularly the AOPr which should lead to development of a baseline, near
real-time, surface land climate monitoring network. This, in conjunction with
the GCOS baseline upper air network, will be useful for research into climate
variability. The GCOS surface network will have attributes similar to WMO RCS
criteria, as it will include a number of stations belonging to the latter.
The GCOS surface network sets a basis for encouraging greater attention to
the benefits of RCS networks within VW10 member countries, for use beyond
climate change detection in a variety of applications and impact assessments.
This may serve as a means to build stringently operated national RCS networks
as permanent facilities. Of course, permanence of operation constitutes a
particular problem for climatological networks.
THE PROBLEM OF MAINTAINING CONTINUOUS, LONG-TERM OBSERVATIONS
Cliraatologists are well aware of the difficulties in reaching conclusions
having precision when analysing stations with record breaks or irregularities
in management. Yet, when faced with the large costs of operating observing
facilities over many years meteorological service administrators may pose
hard-to-answer questions- Meteorological services have to satisfy their
respective national governments that they are operating on a business-like
basis. They must demonstrate that money invested is in the national interest,
or is recoverable from clients. It is easier for operational services such as
weather forecasting to justify expenditures within annual and multiple-annual
budgets, that it is for climatology, which requires long-term investment
before the first year of profit. This is because governments prefer to see "'
results within short periods of time, in order to justify their activities to
the public. As a result, the lifetime of most climatological stations is too
short for desirable kinds of time-series and other statistical analyses. Even
efforts to keep a few long-term reference stations operating year after year
can be difficult, as economic and social conditions vary, and cheaper
technologies become available for observing, recording and transmitting data.
Technological shifts r unless compensated for mathematically in the historical
time-series, introduce inhomogeneities, degrading the value of the investment
to date.
Two ways of encouraging the long-term operation of climatological stations
come to mind. The first is to develop a user network which is extensive and
may pass beyond national boundaries. With strong user support it is more
difficult for administrators to close stations. Continuous contact with
significant users has to be maintained, and this is not straightforward over
the years as agencies and their programmes evolve and disappear. However,
those who.have to defend a particular network may have to demonstrate its
utility at short notice, or the operation risks termination. For this reason
the linkage of GCOS monitoring requirements with those of the WMO RCS network
development makes good sense in principle. In time, subsets of these networks
may prove useful to other organizations, not just global but including
regional and national, which would strengthen overall support. Among possible
supporting organizations, those which share an interest in long-term
environmental monitoring should not be overlooked. For example, those
managing biological resources may have an interest in establishing ecological
reserves surrounding the RCS, ensuring an enduring stable observation site.
They may also be capable of launching proxy climate studies, extending the
record back centuries before the instrumented station was in place!
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A second mechanism to assure continuing support for RCS operations is to
establish protected, perpétuai funding outside of the usual government
envelopes. Here, the supporting meteorological agency obtains a premium
allocation, given on the basis of protecting-the country's resources and
future development. The money becomes sufficient such that when invested for
income in a conservative manner, the annual payback supports the RCS
programme. A similar concept could be applied to the long-term management of
national parks and other heritage properties, and as noted above, there could
be grounds for operating partnerships among similar interests « Administered
with diligence and honesty, the support-for a country's RCS' need never face
jeopardy during economic downturns. But, the threat of political manipulation
does make the heritage fund concept weaker than the idea of strong user
networks, as they have political power on their own.
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WMO/CCI WORKING GROUP ON CLIMATE CHANGE DETECTION
MEETING FEB 26 - 1MAR1996

AGENDA ITEM 9: REPORTS BY RAPPORTEURS
DATA REQUIREMENTS
Chris Folland, Hadley Centre, UK Met Office.
My group has nearly a year of experience of setting up and developing a project to detect climate
change using models and observations. Our method differs from that used by other workers. We use
an atmospheric model forced with observed sea surface temperatures (SSTs) and sea Ice extents
from 1949-1994, not a coupled model. We apply a variety of time varying forcings and look at climatic
responses, always using the same sequence of observed SSTs in each model run. We do this to
convert some of the natural climatic variability seen by coupled models as unwanted "noise" (like
ENSO influences) into part of the deterministic signal. The climatic signals forced by anthropenic
influences we are looking for can be smaller as we look for signals additional to those, given by the
SSTs alone (which already include forcing effects). However, we find that some of the "additional"
signals" are surprisingly large.
The experiments are carried out in ensemble mode to estimate the influences of internal atmospheric
variability by repeating each type of experiment 4 times, starting from different initial atmospheric
conditions. Although our approach is different, data requirements are much the same as for existing
approaches.
Two types of data are needed in all climate change detection experiments:
1. Fields of forcing data
2. Fields of observed climatic data to compare with the simulations
1. Forcing Data
The situation is far from satisfactory. There needs to be a coordinated international effort, perhaps
through this working group and CLIVAR-ACC, to identify needs and catalyse the creation of best
estimate fields and their uncertainties. One method of doing this is for CLIVAR-ACC to set up a group
devoted to forcing data sets for climate change detection. Our group might have 2-3 members sitting
on this CLIVAR group.
Perhaps the main forcing data sets, that are not in good enough shape, are as follows. They are
required as 3 dimensional gridded fields, except for solar output:
1. Anthropogenic tropospheric aerosols
2. Methane
3. Other trace gases
4. Stratospheric and tropospheric ozone
5. (Natural) stratospheric volcanic aerosols
6. (Natural) solar output
l
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Much ingenuity will be needed to adequately create many of these data sets. Estimates of
uncertainties need to be made. These should feed back to estimates of uncertainties in climate
change detection results, and the design of statistical detection methods, and influence the design
of ciimate change detection experiments.
2. Climatic Data
The main fields required, with best potential for detection, are in order:
1. Surface air temperature
2. Tropospheric and stratospheric air temperature
3. Atmospheric circulation:
(A) Initially surface pressure
(B) winds and other atmospheric circulation variables derived from the NOAA Reanalysis
4. Rainfall over land and oceans
Comments:
Surface temperature over land is in fairly good order but improvements in the analyses are needed.
Over the oceans, more work is definitely needed on surface temperature though some is underway.
Tropospheric and stratospheric temperature needs to come mainly from radiosonde temperatures and
satellite MSU temperatures directly, though reanalysed temperatures may have potential. A great deal
of work is needed here, though some is underway.
Surface pressure needs a great deal of work but again some is underway.
Rainfall may be least important of these as a detection variable, considered alone, but is very
important from a practical viewpoint and can be used with atmospheric circulation in multivariate
fingerprints. Much work is needed here.
Again objective estimates of uncertainties in gridded analyses are need in all cases, currently not
available. Knowledge of these uncertainties needs to be built into statistical climate change detection
methods and experimental designs.
Annex 1 discusses work in the UK Met Office to develop a homogeneous radiosonde data base in
collaboration with the major USA Comprehensive Aerological Reference Data Set (CARDS), and with
the European Climate Support Network (ECSN).
Annex 2 discusses the development of a homogeneous global surface pressure data back to about
1871. This is a joint UK Met Office, CSIRO (Australia) and NIWA (New Zealand) project.
Annex 3 reproduces the data requirement statement of Chapter 3 of the IPCC Scientific Assessment
"Observed Climate Change and Variability" (detection is not included explicitly).
Annex 4 reproduces a statement on climate change detection from Chapter 11 of the IPCC Scientific
Assessment "Advancing Our Understanding".
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AGENDA ITEM 9: REPORTS BY RAPPORTEURS
ANNEX 1

Development of Radiosonde data bases.

D E Parker, M Gordon and C K Folland
Hadley Centre, Meteorological Office, Bracknell, UK
February 1996
The UK Meteorological Office Hadley Centre has, over the
years, developed an archive of monthly radiosonde station
data, based mainly on monthly "CLIMAT TEMP" messages plus
published or digitized data from national sources. This
archive is now being expanded using monthly summaries of daily
radiosonde station data collated at the USA's National
Climatic Data Center under the aegis of the Comprehensive
Aerological Reference Data Set (CARDS) Project. To date,
additional data have been obtained for part of Antarctica, but
it is planned to enhance the archive worldwide using CARDS.
Some extra European data for before 1968 are also expected to
be acquired through a subproject of the European Climate
Support Network (ECSN). The Antarctic data are particularly
valuable for Climate Change Detection because of strong recent
stratospheric cooling at high southern latitudes.
The radiosonde data undergo quality and consistency checks
both at the Hadley Centre and under the CARDS project.
However, these procedures mainly remove random errors. So a
new project to assess and remove systematic biases has begun
at the Hadley Centre, in parallel with CARDS subprojects to
archive station-histories and identify discontinuities in the
data. Radiosonde data since 1979 are being compared with
retrievals made from satellite-based Microwave Sounding Unit
(MSU) instruments. The MSU data relate to deep layers in the
lower to middle troposphere (MSU 2R) and the lower
stratosphere (MSU 4). Sudden changes in layer-averaged
radiosonde temperatures relative to MSU temperatures sometimes
coincide with known changes in radiosonde instrumentation. In
such cases, statistical techniques are used to assess the
magnitude, sign and statistical significance of the relative
step changes. The data prior to any significant step change
are then adjusted so as to be homogeneous with the more recent
data. Techniques for deriving corrections to temperatures at
individual standard levels from the layer corrections are
being developed. An example of corrections for the lower
stratospheric layer is shown in Figure Al.l for an Australian
station, where there were several known changes of radiosonde
instrumentation. The change in 1987 necessitated an adjustment
of about -0.8°C to the pre-1987 lower stratospheric layer
temperatures to make them consistent with the later data.
Similar corrections were needed at other Australian stations.
The uncorrected data exaggerate recent stratospheric cooling
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and cause false climatic change. This is likely to confuse
detection efforts. The database of Oort and Liu (J. Climate,
6, 292-307(1993)), which has generally been used up to now,
does not yet include bias-corrections.
In order to enable the application of bias-adjustments
worldwide, station histories, including "metadata" on
instrumentation, are being collated collaboratively with the
CARDS project. For the pre-satellite era, adjustments will
need to be estimated through near-neighbour station
comparisons, WMO and other radiosonde intercomparisons, and
the results of thermodynamical modelling of radiosonde
instruments and their housings. The latter is being done in
USA by groups in contact with the CARDS team.
The unadjusted monthly radiosonde data at the Hadley Centre
have been interpolated onto global grids on 8 standard levels
at two horizontal resolutions: 5° latitude x 10° longitude and
10° latitude x 20° longitude. Gridded values are anomalies
from a 1961-1990 climatology. In this form, the data can more
readily be compared with model simulations of climatic change
(Figure A1.2). The data set is currently being used for
climate change detection and attribution studies for the
period 1958-1994 in conjunction with an extensive set of model
simulations. In the near future, partially bias-adjusted data
will be used as they become available. Enhancements to data
coverage will also be used as extra data become available.
Later, we plan to develop eigenvector-based techniques to
interpolate the gridded data, in three dimensions, to give
optimised estimates of temperature anomalies in missing areas.
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ANNEX 2. Development of Historical Global Mean Sea Level
Pressure data base.
D E Parker, T A Basnett and C K Folland
Hadley Centre, Meteorological Office, Bracknell, UK
February 1996
Monthly historical global MSLP fields on a 5° latitude x 5°
longitude grid are being developed in a collaborative venture
with CSIRO (Australia) and NIWA (New Zealand). An early
version of the global monthly MSLP fields was constructed by
blending together existing gridded monthly historical datasets
from the UK Meteorological Office, NCAR, Scripps Institute of
Oceanography, CSIRO, and the University of East Anglia (UEA).
Systematic biases were subsequently reduced by referencing the
constituent analyses to a climatology based on recent
analyses made by the UK Met. Office operational model. A
planned improvement is to use the NOAA Reanalysis as this
reference in future versions. The bias-reduced monthly blend,
known as "GMSLP2.0" or the Basnett-Parker MSLP data set
version 2.0, is now being used as a background field for
further analyses. At present GMSLP2.0 covers the globe for
January 1871 to May 1995. Figures A2.1 and A2.2, showing
anomalies and actual values of MSL pressure respectively, show
that GMSLP2.0 partially resolves swings of the Southern
Oscillation even in the late nineteenth century. MSL pressure
over Darwin (northern Australia) was about 5hPa higher in
October 1877 (El Nino) than in October 1875 (La Nina).
However, differences may be too small in GMSLP2.0 in the very
data-sparse central and eastern tropical Pacific.
GMSLP2.0 is now being combined with quality-controlled ship
observations from the UKMO Marine Data Bank and the
Comprehensive Ocean-Atmosphere Data Set (COADS), and land
station data from the CSIRO and NIWA MSLP archives and the
UKMO CLIMAT archive. Quality-controls for the marine data
included rejection of outliers and exclusion of monthly MSL
pressures based on small or unrepresentative samples of daily
data. The early marine data, where based on mercury
barometers, also required corrections of -2.7 hPa at the
equator and +1.3 hPa at latitude 60°N and S to adjust to
standard (45° latitude) gravity. The land station data are
being tested for trends and discontinuities by reference to
their neighbours and to the background field. Inhomogeneous
stations are being corrected if possible, otherwise they will
be rejected. To create GMSLP2.1, accepted monthly data over
land and ocean will be blended with GMSLP2.0 using a scheme
which conserves the Laplacian (second derivative) of the
background field in data-sparse areas. Upgrades (GMSLP2.2 etc)
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will be created as more data become available or are
successfully corrected.
Future versions of GMSLP will be created with the help of
eigenvector-based interpolation schemes, much as has already
been done in the creation of the Global sea-Ice and Sea
Surface Temperature data set GISST2.2 (Rayner et al., Hadley
Centre Internal Note 69, 1995).
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Figure A2.1: GMSLP2.0: Anomalies w.r.t. 1961-1990
(contours every 2hPa)
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Figure A2.2: GMSLP2.0
(contours every 2hPa)
(a) October 1875
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ANNEX III
DATA REQUIREMENT STATEMENT FROM CHAPTER 3 "OBSERVED CLIMATE
VARIABILITY AND CHANGE" OF 1995 IPCC SCIENTIFIC ASSESSMENT
It should be clear from the earlier parts of this chapter that current data and systems are
inadequate for the complete description of climate change. Virtually every monitoring system
and data set requires better data quality and continuity. New monitoring systems, as well as
improvements on current systems and studies to reduce quality problems from historical data,
are required. Such improvements are essential, if we are to answer conclusively the questions
posed in this chapter. Enormous amounts of meteorological data have been collected and
archived over the past century. Even greater amounts will be collected, using new observing
systems, in the future. The old and new observations will need to be combined carefully, and
comprehensive efforts made to reduce the influence of time-varying biases in all the data, and
to protect the integrity of long-established, high-quality observing systems and sites, if we are
to obtain more accurate and complete estimates of observed climate change and variability.
Conventional meteorological data, both now and in the past, were collected for weather
prediction and for the description of the current climate. They require considerable work to
ensure that they are useful for monitoring climate variability and change. Studies are required
to ensure that adequate corrections can be made for changes in instrumentation, exposure, etc.
The reduction of such problems in the future, as well as the past, will require the protection of
high-quality climate observing sites.
Probably no single climate element has been studied more than near-surface temperature
over land. Unfortunately, the present rate of decline of global data acquisition and exchange
across the Global Telecommunications System threatens estimates of near-surface global
temperature change (Karl et al, 1995a). Historical temperature data are plagued by
inhomogeneities from changes in instrumentation, exposure, site-changes, and time-ofobservation bias. Many of these problems can be overcome by thorough comparisons between
stations and with the help of metadata (documentation regarding site and instrumentation
changes etc.). Few countries, however, provide adequate support for such activities. Changes
in instrumentation in recent times continue to pose problems. Karl et al. (1995a) note, for
instance, that the introduction of a new maximum-minimum thermistor in the USA cooperative observing network has introduced a systematic bias. Océanographie data suffer from
a lack of continuity. Conclusive detection and attribution of global climate change will require
an ongoing homogenous, globally representative climate record. This needs to be given high
priority in the design and maintenance of meteorological and océanographie monitoring
systems.
REF: Karl, T.R, Derr, V., Easterling, D.R., Folland, C.K., Levitus, S., Nicholls, N., Parker D.E.
and Withee, G.W. 1995: Critical issues for long-term climate monitoring. Climate Change, 31,
185-221, and in: Long-term climate Monitoring by the Global Climate Observing System, Ed:
T. Karl, pp55-91, Kluwer, Dordrecht.
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ANNEX IV
STATEMENT ON CLIMATE CHANGE DETECTION FROM CHAPTER 11
"ADVANCING OUR UNDERSTANDING" OF 1995 IPCC SCDENTTFIC ASSESSMENT
1.7 Natural Climate Variations and Detection and Attribution of Climate Change
It is important to understand how natural climate variations interact with human-induced changes
(Chapter 8). There are several issues here. First, as already noted, there needs to be a continuing
high quality global climate monitoring system to better establish the changing state of the climate.
Then, we must know how the climate system varies in the absence of anthropogenic forcing. For
example, a better understanding of El Nino should include the factors that determine its variable
intensity and frequency. El Nino may be affected by anthropogenic climate change. Through
better observations, palaeo-reconstructions and improved knowledge and understanding of natural
variability, it will be possible to detect the anthropogenic climate signal with greater confidence.
To detect and attribute human-induced climatic change, it is necessary to account for the
regional components of all significant climatic forcings (e.g., sulphate or biomass burning
aerosols, land-use changes and tropospheric ozone) since such forcings can produce unique
regional and altitudinal climatic response patterns (i.e., "fingerprints"). When such fingerprints
occur in both modelled and actual climates, increased confidence in cause and effect linkages is
justified. It is also necessary to determine the likelihood that such patterns may have occurred by
chance.
The scientific community is now starting to use low-frequency (decadal-to-century timescale) internal variability generated by fully coupled global climate models to determine the
probability that a trend of a given magnitude (such as the ~0.5°C in observed global mean surface
temperature increase over the past 100 years; Chapter 3) could have been generated by natural
internal variability alone. The issue of detection must also include attribution of observed
variability to other known forcings, such as volcanoes and solar variability. Noise information
from long control runs of coupled-models has the advantage of being spatially complete and
available for virtually any climate parameter of interest. However, the effect of artificial
corrections, such as flux adjustments, on the conclusions, is generally unknown.
To build confidence in the decade-to-century time-scale natural variability simulated by
models, there is a need to compare model attempts to mimic the climate of the last 1000 years
with variability estimates from palaeo-climate data with comparable time resolution.
Reconstructions of the near surface temperature of the past 1000 years based on such proxies as
treerings,ice cores and corals are valuable but have their own inherent deficiencies. Further
complications are added by the need to identify the forcings, for example solar, volcanoes,
deforestation, that may have taken place over this time period. Nevertheless, model control runs
make specific "predictions" concerning the variation of surface temperature on a wide range of
space and time-scales. They imply phase lags and leads at very large spatial scales which are
potentially testable given appropriate palaeo-data.
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Report of the Rapporteur on the Use of
Proxy Data in Climate Change Detection
{Presented by S. Anjian)

. USE OF PROXY DATA ON CCD
. SUMMRRY
. Climate of the past 1000 years
Various methods based on historical, ice core, tree-ring, lake level and coral
data have been used to reconstruct the climate of the last millennium.
A significant number of annually-resolved, precisely dated temperature
histories from tree-rings are available. These records are still too sparse to provide
a complete global analysis, and must be interpreted in a regional context They
usually only reflect changes in warm season (growing season) temperatures. Treering records frequently represent interannual and decadal time scale climate
variability with good fidelity.
Coral records are available from regions not represented by tree-rings and
usually have annual resolution. However, none extends back more than a few
hundred years.
The interpretation of ice core records from polar ice sheets and tropical
glaciers may be in some cases limited by the noise inherent to snow depositional
processes, especially during this period when climate changes were rather small
On the other hand, they can give an unambiguous record of accumulation change,
on an annual basis. All these forms of data have been used to provide
information regarding climate variations of the past 1000 years.
Bradley and Jones(1993,1995) developed a Northern Hemisphere summer
temperature reconstruction since 1400 from 16 paleoclimatic records. Recent
decades appear to be warmer than any extended period since 1400 and the
warming since the late 19th century is unprecedented in this record Regionally,
however, the recent warming is not always exceptional.
In the Southern Hemisphere, the records from Australia show evidence of
recent unusual warmth, especially since 1960, but some from South America do
not Thus, the Northern Patagonia and Rio Alerce ring width records from
Argentina(Boninsegna, 1992; Villalba, 1990) and Chilean Lenca ring width
temperature history (Lara and Villalba, 1993) show no clear indication of 20th
century warming, in accord with local instrumental records. Recently analysed ice
cores from the north-central Andes (Thomson, et al; 1995) indicate that
temperatures were cold in the 200-500 years before the present Strong warming
has dominated the last two century in this region.
Temperature records derivedfrom coral supplement the records from tree rings.
Australian Great Barrier Reef temperature histories since 1583 have been derived
from corals distributed along the reef from 10-30°S(Lough et al, 1995). These coralbased SSTs have been relatively warm for most of the 20th century. This warm
period was preceded by below-average SSTs in the 1850-1900 period An earlier
warm period is indicated around 1830-40, but with less certainty.
Based on proxy data of 30 stations in the world, global temperature variations
during the last millennium displayed that the Medieval Warm Period was 9001300AD and the Little Ice Age was 1550-1900AD. The warming amplitude during
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the Medieval Warm Period was less than that during the modern warm period,
which startedfrom 1925(Wang, S. W.;1995).
Alpine glacier advance and retreat chronologies (Wigley and Kelly, 1990) suggest that in
at least alpine areas, global 20th century temperatures may be warmer than any century since
1000AD. Crowley and Kim (1995) estimate that natural variability of climate, on century time
scales over the past millennium, as less than ±0.5 V.
Just as important as temperature variations in the hydrologie cycle during the last
millennium . Global scale records do not exist, but useful information has been derived for
several continents. Especially relevant, because of the recent low rainfall in the Sahel, is the
evidence from Africa. Ofparticular note are the dry conditions in the Sahel between 1968 and
1993. Nicholson(1989) has documented several previous dry regimes also lasting on the scale
of a decade or two, particularly the 1680's, 1740's and 1750's, and 1820's and 1830's.
The climate of the past 1000 years provides opportunities to determine the spatial and
temporal scales of natural climate variability requiredfor detection of climate change, and the
causes of the natural climate variations. The development and combination of more highquality records are needed

. Recent advance of paleoclimatic records in China
. Dendroclimatic studies
A large number of samples have been collected in China since the 1970's. A total of 39
sites have been sampled All of them are located in the western part of China, especially in the
Tibetan Plateau, the Hengduan Mountains and the East Tianshan Mountain areas.
The Tibetan Plateau
Using tree rings and various other kinds of data, climatic change in Tibet during the last
7000 years have been divided five periods: the "Climatic Optimum", "Neo-glacial Period",
"Warmer Period", "Little Ice Age", and the "Last Warm Period".
General speaking, during the last 500 years, relatively warmer periods came in the midloth century, at the beginning of the 18th century, in the first half of the 19th century and in
the periodfollowing the 1970's. The relatively colder periods were in the early 16th century ,in
the mid-17th century, in the mid-18th century, in the 1860's, and in the 1920's and 1960's. The
average temperature of the last 500 years is about 0.08 V lower than that calculated from
meteorological records of the last 30 years.
The major wet periods occurred in the middle to late 18th century and the first half of 19th
and 20th centuries during the last 400 years.
The Hengduan Mountain Areas
During the last 400 years, the pattern of cold and dry conditions was quite common,
accounting for 58% of all years during the first half of the 17th century, in the* second half of
the century and the successive 50 years, the climate became warmer and wetter. From the
1850's through the 1940's, the cold and wet pattern which is important for glacier activity
appeared frequently. The warm and dry pattern has increased in frequency from 4% (19001949) to 15.5% (1950-1981).
Northwest China
The cold periods were before the 1530's, the 1570's-1640's, 1670's-1720's, and 1840's1880's. The warm periods appear to have been the mid-17th century, the mid-18th century and
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after the 1880's in the East Tianshan Mountains during the last 500years.
There were two wet periods (1726-1812, 1890-1926) and three dry periods (1685-1725,
1813-1889, and 1927+) during the last 300years.
Northeast China
Three warm periods ( 1821-41,1862-95, 1919-52) and three cold periods (1842-61,18961918,1953-74) could be identified in the ML Changbal
Studies on the historical climate
East Asia decade mean temperature anomaly in China was reconstructed on the basis of
documentary records(Wang, 1993). Cold periods were identified in the 15th, 17th and 19th
centuries. It was in good accordance with the temperature curve reconstructed based on the ice
core isotopic oxygen in Dun de ice cap in the Qinghai-Tibet Plateau. The cold periods of the
Himalayas occurred in the 13th, 15th and 18th to 19th centuries.
The time series of annual drynessAvetness in North China and the middle-lower Reaches
of the Yangtze River during the last 500 years have been reconstructed (Chen, J-Y;1995). In
North China, there were several dry periods (from the second half of J 5th century to the first
half of 16th century, from the late 16th century to the second half of 17th century, and 1960's80's) and wet periods (1530's-70's, 1720's-70's, and 1880's-1910's). In the middle-lower
Reaches of the Yangtze River, there were some dry periods (the first half of 16th century, the
second half of 17th century, and1960's-80's) and wet periods (the second half of 16th century,
19th century and thefirst half of 20th century).
The droughts in the first half of 12th century and in the 20th century, and thefloods in the
first half of the 15th and second half of 16th century are prominent The floods predominated
in the LIA, but droughts increased in the MWP.
The six time series of annual drynessAvetness in North China and East China, during last
1000 years have been reconstructed, having quasi-triennial oscillation(Zhang, D-E;1995).
During the last 2000 years, more droughts occurred in China than floods, the climate has
been running dry and the phase transition occurred at 280 AD, 490 AD and 1230 AD.
The'were different lengths of cycles at different stages in the past 2000years. Before 880
AD, the mean cycles were 140,14 and 11 years; after 1230 AD, the cycles were 35, 19, and 9
years.
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Summary of Mr P. Nobre's presentation
Results about variations of surface air temperature over the Brazilian Amazon were
presented (Victoria et al., submitted to J. Climate, 1996). It is shown that a positive trend of
approximately 0.5° per 100 years is present in the time series, and that the trend is statistically
significant since late 1950's, thus before large scale deforestation began over the Amazon in mid1970's. Also the results of a regional climate change scenario study over northeastern Brazil by
P. Nobre (1995) was presented. It is projected that a 1 °C surface air temperature increase could
lead for an increase on the frequency of 'dry' years over the region from today's 33% to
approximately 50%.
Also information about Brazilian efforts on putting together long time series of rainfall was
presented. Historical monthly precipitation time series (1900's to present) of selected raingauge
stations over Brazil are being put in magnetic media and quality controlled. Also, 250 automatic
data collection platforms (DCP) for remote unattended meteorological and hydrological
measurements are being installed mostly over the Brazilian Amazon. These will relay surface data
via satellite in real time.
Over the Atlantic Ocean, Brazil is participating with the United States and France in an
international cooperation pilot program, nicknamed "PIRATA", to implement an array of moored
instrumented buoys over the tropical Atlantic. The pilot program array being proposed
contemplates the mooring of a number of buoys (15-20, depending on availability of funding)
during the next three years over the tropical Atlantic between 15°S and 15°N.

ANNEX F, p. 26
Report of the Rapporteur on Model Adapted Gridded Data
(Presented by CF. Ropelewski)

The use of gridded model analyses for climate monitoring has been hampered by the
frequent changes in operational models and data assimilation systems. Thus it has been difficult,
with gridded analyses, to distinguish model-induced changes from variability in the climate system.
In addition, these artificial sources of variability made it difficult to arrive at credible estimates of
the mean climate state and first order statistics for many variables.
The advent of three major reanalysis projects; ECMWF 1979-1994, NASA 1979-1995,
and NCEP/NCAR 1958-present, for the first time, allows the use of model gridded data free from
model and data assimilation-induced variations. The data from these reanalyses is just beginning
to become available to the broad meteorological community. In March of 1996 the Bulletin of the
American Meteorological Society will contain an article describing the NCEP/NCAR reanalysis
system and will also contain a CD-Rom containing 13 years (1982-1994) of monthly data, the
mean fields for this period. In addition, it will contain daily analyses for one sample year (1993).
The CD-Rom will provide an excellent opportunity for climate-related research, even for scientist
who have access to only limited computer resources.
One aspect of these reanalyses projects is not being completely exploited. By their very
nature the reanalyses require that the input data be quality controlled and put into uniform
formats. Thus each of the reanalyses projects are the potential source of observational data
ranging from sondes through satellite input. The Climate Change Detection project should endorse
and encourage the use of these data.
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NCEP/NCAR Re-analysis/CDAS Project
•
•
•

Re-analysis Completed 1979-1995
CDAS Ongoing. Operational monitoring Jan1996 analyses done in CDAS mode.
Data acquisition/preparation in progress for VTPR period (1973-1978).

•

Re-analysis paper Kalnay et al. in March 1996 issue of Bulletin of American Meteorological
Society.
A CD-ROM will accompany the BAMS (first ever) paper.
An image of this CD-ROM is available on the internet through NCEP and CPC home
(http://nic.fb4.noaa.gov) pages under Reanalysis.
This home page will soon facilitate two way (USER & NCEP) exchange of
questions/problems regarding data.
Contents of CD-ROM:
Climatologies* (13-year average monthly fields).
Monthly Fields* (for each of 13 years).
Selected daily fields** for 1993.
Selected observed fields (OLR, various estimates of precipitation rates).
PC, workstation compatible grib data, Graphics software (Grads).
Software to degrib the data.

•
•
•
•

(Includes:)
* Height, winds, temperature, vertical velocity, specific humidity at 17 pressure levels, Several flux
related quantities at surface.
* * As above except at 850, 700, 500, 20, 30 mb.
•

In another few months a separate 1 CD-ROM/year is scheduled to be produced and made
available.
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CCI Working Group on Climate Data Activities
[Presented by M. Crowe)

This report serves as an update to some of the recent activities associated with the WGCD and
is not meant to be an inclusive report of all the work being accomplished.
WMO Global Baseline CEmatological Datasets. This project has been completed with resulting in
the existence of three research-quality baseline datasets:
Comprehesive Aerological Reference Data Set (CARDS)
Global Historical Climatology Network (GHCN)
Comprehensive Ocean/Atmosphere Data Set (COADS)
Updates to each of these datasets are essential and are planned.
Data Exchange on the GTS
Distribution of anomaly charts is progressing in RA's I and III.
Monitoring of CLIMAT and CLIMAT TEMP messages has been ongoing since 1994, with some
improvements noted in volume of data received at Asheville.
WMO Normals
Processing of normals at the NCDC (Asheville, NC, USA) is nearing completion. A print-ready
document is being prepared to be sent to the WMO Secretariat for printing and distribution. A
CD-ROM version is planned.
World Weather Records
European volume for 1981-90 has been published by the NCDC. Next is the RA IV volume. Cooperation among Members has been excellent. Need to establish a Regional Collector for RA I.
Archival Survey (ARCHISS) and Data Rescue
The WGCD Chairman has been very active in co-ordinating with UNESCO and the ICA the Phase
I evaluation of Mexican archives.
The Phase II data collection program will begin in early 1996. Co-ordination of DARE and
ARCHISS projects is recommended in the future for the rest of RA IV, particularly the Caribbean
countries.
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Overall objectives
Objectives and initial thrusts for the CLIVAR programme have been defined as follows:
•

To describe and understand the physical processes responsible for climate
variability and predictability on seasonal, interannual, decadal, and centennial timescales, through the collection and analysis of observations and the development
and application of models of the coupled climate system, in co-operation with
other relevant climate-research and observing programmes.

•

To extend the record of climate variability over the time-scales of interest through
the assembly of quality-controlled paleoclimatic and instrumental data sets.

•

To extend the range and accuracy of seasonal to interannual climate prediction
through the development of global coupled predictive models.

•

To understand and predict the response of the climate system to the growth of
the radiatively active gases and aerosols and to compare these predictions to the
observed climate record in order to detect the anthropogenic modification of the
natural climate signal.

Objectives of CLIVAR-ACC
to better understand and quantify the relative contributions of natural variability
and anthropogenic factors to observed climate change;
to identify and apply statistical techniques and strategies that are appropriate for
the early detection of anthropogenic climate change;
to predict, up to the end of the next century, climate change from increasing
concentrations of greenhouse gases and other anthropogenic influences, and,
to provide predictions of regional climate change to the extent possible;
to provide guidance for the establishment of observing systems to monitor climate
change.

ANNEX G
Working Group on Climate Change Detection
Terms of Reference
(slightly modified

by the 2nd session of the Working

Group)

(a)

To prepare regular authoritative reports on the interpretation and applicability of data
bases for the detection of climate change on regional and global scales and to submit
these reports annually to the Executive Council through the president of CCI;

(b)

To serve as an advisory body to the Executive Council, through the Commission for
Climatology, on activities related to the detection of climate change;

(c)

To provide, as appropriate, an input to updating the implementation plan for the Climate
Change Detection project;

(d)

To collaborate with the Working Group on Climate Data in reviewing the relevant parts of
the Technical Regulations;

(e)

To co-operate with GCOS, WCRP, IPCC and other organizations;

(f)

To keep abreast of scientific developments involving the monitoring and detection and
modelling of climate change, and, in general, the characterization of evolution of past
climate;

(g)

To contribute to the study of the homogeneity and the statistical properties of the longterm data series of climate related parameters and to advise on procedures for ensuring
the homogeneity of climate data;

(h)

To develop, in co-operation with the Working Group on Climate Data, proposals for the
future development of the network of Reference Climatological Stations;

(i)

To develop proposals for standard metadata formats, and to study and report on archival
survey for historical climate data;

(j)

To provide guidance on the utilization and validity of the gridded and proxy data sets for
climate change detection;

(k)

To develop underlying principals for compiling reference climate data sets;

(I)

To contribute to the capacity building process, especially for national activities in the
climate change detection area.

ANNEXH
Meaning of "Climate Change Detection"
The participants first reviewed and discussed the meaning of the terms "climate", "climate
change" and "climate change detection", including the definitions listed in the recently published
(1993) WMO Glossary of Meteorology. It was generally agreed while climate change may evolve
on a variety of time and space scales and that there is a natural and an anthropogenic component,
the attribution of the anthropogenic component is of paramount importance to climate change
detection. It was further recognized that we need to understand the whole climate system and
its natural variability in order to isolate the anthropogenic signal.
Focussing on the anthropogenic causes in climate change detection work not only
addresses the widespread concerns about man's impact on the climate, but it will also facilitate
the needed interaction and co-operation of this working group with those in the climate research
community who are developing and using climate models. Climate models need to be validated
and this can be effectively accomplished using data sets that are highly suited to the detection
of climate change. The focus on anthropogenic effects will also help this working group identify
the important climatic parameters (e.g. temperature) and related data sets that are best suited for
climate change detection. The principal role of this working group therefore is to comment and
advise on the suitability of data and representations of data that are used for the detection and
assessment of climate change.

ANNEXI
Letter to Joint Chairmen of the CLIVAR Scientific Steering Committee

February 2 9 , 1996
DRAFT
The WMO Commission on Climatology (CCI) Climate Change Detection (CCD) Working
Group met in Geneva from February 26 to March 1 , 1996. One of the major agenda items was
discussion of the WMO Congress' 1995 recommendation that the Working Group seek closer ties
to CLIVAR and to explore, with the CLIVAR Scientific Steering Group (SSG), a proposed
restructuring of the Working Group as a Joint CLIVAR/CCD activity. This purpose of this letter is
to document meeting activities related to this goal and to provide information that may help to
further progress in the formation of a joint Working Group. CLIVAR was represented by the
Valéry Detemmerman, WCRP Secretariat. The CCD Working Group (Attach #1) was augmented
by invited experts on climate change studies and climate change detection activities (Attach #2).

BACKGROUND
Responding to a perceived lack of a concerted effort within the WMO to focus
meteorological attention on the climate change issues the CCD was conceived in the late 1980's
as a project that would form the foundation for a new WMO Panel on Climate Change Detection.
The subsequent development of the Intergovernmental Panel on Climate Change (IPCC) rendered
the formation of such a group unnecessary. Nonetheless the mechanisms to form a WMO CCD
entity had already been put in motion resulting in the formation of the CCI Working Group on
Climate Change Detection. One of the first major activities of the WG was to provide guidance
and recommendations on a revised terms of reference. However, a formal change to the terms of
reference can not be achieved until the CCI Meeting in early 1997. The best written description of
the Working Group's charge and activities is probably contained in an excerpt for the World
Climate Program's Fourth Long-term Plan for the period 1996 to 2005 (Attach # 3).
CURRENT ACTIVITIES
The CCD Working Group has been especially active in the following areas.
1)
It has worked toward the development of the Global Climate Observing System (GCOS)
permanent land surface observation network. In general, the Working Group sees itself as filling
an important liaison and coordination role between the scientific/research community concerned
with climate monitoring and the operational side of the WMO. In particular a CCD Task Group,
consisting of recognized scientific experts and of representatives from the WMO Commission on
Basic Systems will meet at CRU/Norwich during March of 1996 to select the GCOS network.
2)
Providing input and guidance on the publication of the WMO statements on the status of
the world climate. (Example for 1994, Attach #4). The WMO Statement material is reviewed by
a subset of the full CCD Working Group and outside experts who are active in the IPCC process.
3)
Encourage improved efforts concerning observations, quality control, and data exchange,
archive, and data rescue efforts. One tangible activity is the planned issue of a combined global
gridded marine and land surface temperature data set (the combined UK Met Office, CRU
University of East Anglia ocean/land data ) on CD-Rom. The Working Group is also seeking to
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provide a sample data set from NCEP/NCAR Reanalysis project. The aim of these activities is to
encourage increased awareness and interest in climate issues to the weather services of WMO
member nations.
Proposed collaboration between the CCI Working Group on Climate Change Detection and CLIVAR
Five areas of potential collaboration were discussed:
(1 )

Climate change and variation indices and key climate data sets

The creation of an appropriate index list requires the setting up of a Task Group. It is
proposed that a Task Group drawn from the Working Group and the CLIVAR community be set up
and report before the term of the current Working Group on Climate Change Detection expires.
The purposes of the Task Group would be:
(i)
(ii)
(iii)

Agree on an immediate list of indices;
Identify other indices which might be useful;
Identify the data development efforts required to acquire new indices not on the
"immediate list".

There should also be discussion of the key climate data sets needed for climate change
detection in the short to medium term.
(2)

Standard Global Climate Forcing Data Sets

This also requires a joint input from CLIVAR and the Working Group. Following some
discussions of possible forcing data needs at the current Working Group meeting, it was
suggested that a new joint CLIVAR/CCI Working Group consider this matter at its first meeting,
inputs from the CCI Working Group on Climate Data, the CMDL activity on trace gases and the
GAW community would be essential. Two main aspects need consideration:
(i)
(ii)

Creation of gridded forcing data sets for the past;
Development of a strategy for keeping the gridded forcing data sets up to date;

Some form of "registration" of these data sets should be considered. The nearest analogue
is the AMIP/SST sea ice extent data set.
(3)

Remotely sensed data

Some limited expertise already exists on the present WG. Several new types of data
relevant to climate change detection are becoming available e.g., satellite microwave
measurements.. In addition, the blending or merging of satellite and conventional climate data
has considerable promise. The new WG should review these issues and initiate follow-up action.
(4)

Paleoclimate

A future working group needs stronger links with the paleo data community given the
exceptional importance of worldwide paleo data for the last 1,000 years. Thus a representative
from PAGES should become a member in addition to maintaining existing links with this
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community.
(5)

Instrumental Data Recovery

As an early follow-up to the forthcoming selection of GCOS stations, selected DARE data
sets should be digitized. A new CLIVAR/CCI Working Group should ensure that this activity takes
place, monitor the results and arrange for further selective digitization if needed.
More general data issues that such a group should discuss and catalyse were mentioned.
The general idea, in all of the above, is that CLIVAR could provide the scientific guidance
and rational for many climate change data activities that could be nurtured and performed by joint
CLIVAR-CCD Task Groups as well as by the CCD Working Group.

Attach:
List of CCD WG Rappatours
List of additional Participants
Terms of Reference WMO Long Term Plan (Excerpt)
WMO Statement on the status of the World Climate
WG Definition of Climate Change Detection

ANNEXJ
Working Group Responses to the February 1995
Task Group Recommendations

1.
Although no formal mechanism was arranged, a number of the rapporteurs (data
requirements, gridded data and data certification) and other group members were either directly
involved in the IPCC process as lead authors or commented upon the various drafts.
2.
The Working Group reiterated the recommendation that expertise on the past history of
radiative forcing, both anthropogenic and natural, in origin is needed by the group.
3.
The Working Group reiterated its desire that in the near future it would become a joint
working group between CLIVAR and CCI.
4.
The Working Group supports wholeheartedly the GCOS network, through the
establishment of two task groups, one on the proposed GCOS surface station network (see item
6 also), and another considering key Climate Indices in the Climate Change Detection framework.
5.
The Working Group endorsed this view. Several relevant data sets are already available
on the Internet and initiatives are under way to make some relevant data sets available via CDROM (see also item 8).
6.
The Working Group is working closely with GCOS in the development of its Permanent
Land-based Surface Observation Network. Recommendations have been produced for the March
1996 task group meeting, which will produce the initial 800 (approximately) station network.
This task group will meet in Norwich, UK, from 25 to 27 March 1996.
7.
The importance of the RCS network has been reiterated at this meeting. In the guidelines
prepared for the Norwich meeting, emphasis for the GCOS network will be given to stations
already designated as RCS by countries. As the RCS network is not available from a number of
countries, other networks such as the GTS, GHCN and data inventories from DARE will be
considered when designing the initial GCOS network.
8.
The Working Group actively encourages the free and international exchange of gridded and
regional climate data with regard to Climate Change Detection studies. The rapporteur on Climate
Data reported that many data sets were available via the Internet, FTP and other data exchange
media. There is a strong likelihood that several key surface climate data sets will soon be
available on a CD-ROM produced in conjunction with the Hadley Centre, MIT and JPL. If this is
successful, 250 copies will be supplied to WMO for distribution to members. The new WMO
1 9 6 1 - 1 9 9 0 averages for an array of surface climate variables are being co-ordinated through
NCDC. These will be released shortly via CD-ROM with the necessary software.
9.
The Working Group supports the CLICOM work of the Working Group on Climate Data and
notes that a CLICOM meeting will take place in May 1996 to revise and improve the software.
10.
Initial approaches to the START programme have been made, but have not been followed
through. The Working Group recommends that the WMO Secretariat and the rapporteur on
capacity building re-initiate contacts.
11.
The Working Group recommends the project be renamed "Climate Change Detection
Support Project". It supports all the actions and responsibilities made by the Task Group.
12.

The Working Group endorses all methods to raise the profile of the Climate Change
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Detection issue and to encourage greater co-operation and free exchange of appropriate data
between countries.
13.
Both remotely sensed (e.g. MSU, NDVI) and re-analysis products were discussed during
the meeting. While they are important to the Climate Change Detection issue, they are
complementary rather than replacements to traditional surface and upper-air observations.
14.
Reports of the task group meeting were sent to the CCI president. The full report of this
meeting and its recommendations will also be sent to the president.

ANNEXK

SUMMARY REPORT OF THE
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MEETING OF A DATA REQUIREMENTS TASK GROUP OF THE
CCI WORKING GROUP ON CLIMATE CHANGE DETECTION
(Geneva, 30 January - 2 February 1995)

SUMMARY REPORT

1.

OPENING OF THE MEETING

1.1
On behalf of the Secretary General of WMO, Mr M. Jarraud, Deputy Secretary General,
welcomed the participants (see Annex) to the meeting held in joint session with the CCI Working
Group on Climate Data. In view of the broad interpretation now being given to the term "climate
data" and its critical importance to monitoring the climate and detecting climate change, he felt that
it is most appropriate that these t w o groups were meeting here during the same week and have
scheduled a joint session to discuss items of common interest. He was particularly pleased that
these meetings will involve participation from GCOS, the World Weather Watch Programme and the
World Climate Research Programme. Along with the World Climate Programme, each of those
programmes has its own particular niche and interest in promoting a mutually co-operative global
effort to accumulate, manage, exchange and utilize climate system data.
1.2
He noted that in the coming months and years, the nations of the world will be developing
policies in an effort to comply with three United Nations conventions with climate implications,
namely those on climate change, desertification and biodiversity. Addressing each one of these
issues will require a greater understanding of the climate system which can only be obtained by
accurate, systematic observations and analyses. As a result, an increased demand for readily
accessible climate data can be anticipated, especially those that are required for the development
and validation of scientific models.
1.3
The Deputy Secretary General noted that the Data Requirements Task Group will examine
some of the relevant draft documentation being prepared for the 1995 IPCC Assessment and the
results of the recent 1995 conference on Documenting and Detecting Long-term Climate Change:
Monitoring Requirements for GCOS, in order to further the development of an implementation plan
for the Climate Change Detection Project of the WCDMP. He also noted the group will also review
several lists of stations to be considered for a GCOS reference surface network, and a preliminary
draft of the WMO Statement on the Status of the Global Climate in 1994. After concluding his
remarks, Mr Jarraud handed the meeting over to its chairman, Mr C. Ropelewski.
2.

THE 1995 IPCC ASSESSMENT: FUTURE DATA REQUIREMENTS FOR CCD

2.1
The group focused its discussion on three chapters. Chapter 3 (Observed climate variability
and change) reports on recent trends deduced from climate observations, but the issue of climate
change detection is left to chapter 8 (Detection of climate change and attribution of causes). That
chapter centres its findings on comparing GCM results with observed climate changes. The
concluding chapter 11 ( Advancing our understanding) presents limited discussion on the climate
change detection issue. As the group's purpose is to assess the availability, accessibility and
interpretability of climate data for the anthropogenic detection of climate change, it did not find its
image clearly reflected in the existing IPCC draft chapters. It was noted that there is no formal
mechanism for the group to present its views on IPCC findings, and there may not be time to
negotiate such access for the 1995 report, even though its release will now be 1996. The group
concluded that greater use of observations in the diagnosis\verification of model results would be
desirable. An example is making use of proxy data in explaining the climatic signal in the poorly
understood "noise" from the multi-century runs of coupled atmosphere-ocean models, some of which
have controversial flux adjustments.

ANNEX K, p. 4

2.2
In the course of discussing reasons why "fingerprinting" experiments have been
unsuccessful, it was suggested that not all climate-sensitive anthropogenic processes have been
assessed. New knowledge on the regional (1000-km scale) concentrations of atmospheric sulphates
was mentioned. Those affect the climate in a seasonally varying way on these time scales. The
group realised its own lack of expertise in atmospheric trace gas radiative forcing as well as with
sulphur-based aerosols. It was decided to review possible associations with the World Climate
Research Programme (WCRP), particularly the Climate Variability {CLIVAR) project, and the Global
Atmosphere Watch (GAW) activities with the view of considering rapporteurs for coupled
atmosphere-ocean modelling and in the climatic effects of tropospheric aerosols.
3.

MEETING ON "GCOS MONITORING REQUIREMENTS FOR DOCUMENTING AND DETECTING
LONG-TERM CLIMATE CHANGE" (ASHEVILLE, USA, 8-11 JANUARY 1995)

3.1
This meeting of 99 invited experts with broadly-based backgrounds set out criteria for GCOS
data gathering activities needed for the documentation and detection of long-term climatic change. In
addition to addressing gaps in climate observing networks, GCOS will concentrate on working with
existing networks, and will incorporate the data generated by research projects. GCOS faces many
challenges in operating global databases in view of fluctuating supply, data quality, sources and
changes to observing systems, and policies regarding kinds of observations and costs. GCOS will
strive to improve linkages between users and suppliers of data encouraging improved management
practices, cost-effective shared data use and access. Data should be evaluated in near-real time with
the help of metadata files. In order to understand long-term variability, data sets must have
continuity and homogeneity. Data blending and joining of records should be fully documented as to
procedure.
3.2
Decisions will have to be made on the assimilation of "new" kinds of climate-related data
such as tropospheric aerosols and data on other forcing factors. The meeting drew attention to many
issues which are also of concern to the present task group including: closer linkages among scientists
working with observations (land and sea-based), data rescue, data re-analysis projects, climate
system modelling and proxy data (to evaluate inter-century variability). This implies improved
interaction at the multidisciplinary level. The group expressed general agreement with the
recommendations of the Asheville meeting which touched on the climate change detection issue, and
it encouraged GCOS to fully consider them in the System design. There is a need for data on the
multi-decadal to century time-scale, much of which must come from proxy sources. It noted with
appreciation that the meeting supported the principles of Reference Climatological Stations, the
proposed 150-station Upper Air Network, as well as the present process to develop a GCOS surface
network.
4.

PRELIMINARY DRAFT OF THE WMO STATEMENT ON THE STATUS OF THE GLOBAL
CLIMATE IN 1994

4.1
While a full draft of the Statement was not available, t w o principal inputs, the Climate
Analysis Center (CAC) climate assessment paper and the Hadley Centre summary, were examined.
The WMO Statement does not focus on climatic change, rather it describes anomalies, events and
impacts, the most significant of 1994 being the recurring ENSO. Other material which should be
included are: time-series analyses of temperatures in the troposphere and stratosphere; changes in
trace gases; stratospheric ozone in the northern and southern hemispheres, expressed as 2-3 year
composites if possible; equatorial region SSTs -December, March, July, September - depicted;
1910-1915 ENSO period compared to 1989-1994 (candidate for the cover); recent Tahiti-Darwin
SOI trends; one figure for sea-ice, showing anomalies and one for snow cover, with separate
depictions of northern and southern hemispheres. An important change for the 1994 report will be an
enhanced regional section where unusual conditions and impacts will illustrate regional climatic
variability through the year. The emphasis will be on regions, not individual countries. An attempt will
be made to produce a more geographically representative depiction of severe tropical Pacific storms
on the world impacts map.
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5.

EUROPEAN CLIMATE ASSESSMENT

5.1
Mr G. Muller-Westermeier led the group's review of the European Climate Support Network
document "Climate of Europe: recent variations; present state and future prospects", also known as
the First European Climate Assessment. The comprehensive nature of this study and its synergy in
developing new research was noted with appreciation by the group.
6.

UPDATE ON DARE I, DARE IV AND ARCHIVAL CLIMATE HISTORY SURVEY (ARCHISS)
PROJECTS

6.1
Mr G. Schietecat recalled for the group that many paper records of meteorological
observations, some several decades old, are being destroyed by natural deterioration in countries not
having complete archiving facilities. He described data rescue projects in Africa and Central and
South America. The DARE 1 project refers to African countries. Records are microfilmed in situ,
producing two copies: one for operational use in the country, the other in archival storage at the
International Data Rescue Co-ordination Centre in Brussels, Belgium. Microfilm life is 150-250 years.
Digitization should occur in the country, but the programme emphasis must be placed on conserving
the original data. The group noted that this detailed long-term work is vitally important in preserving
the observational record for many parts of the world. Similar work has begun in WMO RA IV. A
complementary activity is the Archival Climate History Survey (ARCHISS) project. Here, teams of
professional archivists research early public records for climate-related information, with emphasis on
impact-causing anomalies and extreme events. Work has recently begun in Mexico and Cuba, leading
next to South America.
7.

REPORT OF THE INTER-PROGRAMME DATA MANAGEMENT CO-ORDINATION MEETING

7.1
Mr D. McGuirk made note that the first inter-programme meeting was recently held in Geneva
(November 7-11, 1994). Its intent was to develop common systems for the organizing, processing
and sharing of data by WMO Commissions, recognizing the cost-effectiveness of shared expertise
and databases. The meeting proposed wide dissemination of its recommendations regarding
interaction, co-operation and co-ordination to relevant supporting organizations, using the GTS
managed by CBS, or as a surrogate, Internet. The Task Group expressed agreement with many of
the principal recommendations, particularly with respect to compilation of data catalogues,
comprehensive metadata files, improved access and the feasibility of co-ordination by CBS. CCI has
a rapporteur assigned to CBS. The chairman thanked Mr McGuirk for his report on these important
developments, and instructed the Secretariat to ensure that Dr Maunder, president of CCI will
receive a copy.
8.

CLIMATIC DATA RECORD BLENDING

8.1
It is generally recognized that long-term, complete and homogeneous data sets are essential
to the detection of climate change and for interactive work with model data. This point was
frequently emphasized at the Asheville GCOS meeting (see section 3). The group noted that various
forms of data blending become necessary over the course of time to correct for missing data,
irregularities in the observation programme or instrument exposure. Statistical procedures for
identifying relationships between stations have improved considerably in recent time. Metadata
describing the blending process are needed. Re-analyzed data from assimilation projects are a new,
useful tool.
9.

GCOS DEVELOPMENTS AND INPUT TO THE GCOS PLANNING PROCESS

9.1
Dr T. Spence reviewed the considerable progress in developing plans for the Global Climate
Observation System over the past year. A Data and Information Management Panel was formed in
September to establish comprehensive data management activities throughout the System. GCOS
data are to include those from existing observational systems, and be organized for ease of access.
GCOS needs sufficient data to meet the scientific requirements for monitoring the climate, detecting
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changes, and for predicting variations and change. The GCOS Joint Science and Technical
Committee, in outlining the scientific priorities for the programme, recommended an Initial
Operational System. In April 1994, the GCOS Atmospheric Observation Panel (AOP) accepted a
baseline 150-station upper air network, and will be seeking country input to the proposed network.
Also, at the April meeting, the AOP proposed a joint meeting with representatives of the Climate
Change Detection and Climate Data Working Groups, as well as WCDMP staff to decide
specifications of a proposed 200-station baseline surface observing network which would preferably
include stations from the WMO Reference Climatological Network (see more details in agenda item
10).
10.

PROPOSED LIST OF STATIONS OF THE GCOS BASELINE SURFACE AND UPPER AIR
NETWORKS

10.1 The chairman reminded the task group of the initiative of the Working Group on Climate
Change Detection, at its March 1994 meeting, to invite GCOS to collaborate in the development of a
network of Reference Climatological Stations. He took this message to the April 1994 meeting of the
GCOS Atmospheric Observation Panel, which proposed the formation of a GCOS Baseline Surface
Climate Network, and recommended that the WMO Secretariat prepare a list of approximately 200
candidate stations.
10.2 Dr P. Julian provided a briefing on the selection criteria leading to the proposed list of GCOS
upper air stations. Stations supporting the Tropical Oceans-Global Atmosphere (TOGA) experiment
(ended 31 Dec. 1994) were included because of their demonstrated value in monitoring ENSO
activity. Based on his experience in persuading regional associations to accept the GCOS proposal,
Dr Julian recommended that, in future, network proposals should include a rationale, explaining the
network-building process and justifying the selection of stations. The group expressed agreement
with this suggested approach, and turned its attention to the surface network.
10.3 In considering a representative global baseline surface network, a number of factors need to
be addressed. Although, officially, there are dense global meteorological observing networks, many
of the observations are not regularly made available for climatological monitoring and climate change
detection purposes. This occurs for a number of reasons, which include GTS transmission problems
and proprietary issues like commercialization. However, there are a few recently-compiled global data
sets which might be considered in building a global GCOS network. The Task Group focused initially
on establishing suitable network criteria. Based on previous experience, a network of approximately
800 surface temperature stations (maximum and minimum temperature) would yield observations
from most land areas, including many mid-oceanic islands, at an approximate density of 1 station per
250 000 km 2 . This was considered adequate to monitor global and large hemispheric temperature
variability. Many of these stations measure additional elements desirable for climate monitoring
including: atmospheric pressure, precipitation, humidity, sunshine, cloudiness and wind, and some
have upper air programmes.
10.4 In an overall sense, the Task Group considered air temperature to be the most valuable
element for climate change detection. Important arguments are: (a) it has been shown that the signal
to noise ratio for temperature change is likely to be larger than for other variables;(b) numerous
stations and similar measurement techniques over the globe, and for long periods; (c) existence of
observational series lasting many years in extensive parts of the world which may be analyzed for
inter-decadal trends; (d) opportunity for three-dimensional field analyses in conjunction with
radiosonde data; (e) importance of temperature to environmental processes and socio-economic
events. There are other important criteria to be considered for a baseline network including: (a)
careful siting to minimize influences not caused by atmospheric events, such as urbanization or any
changes in instrument exposure over time; (b) consistency in observing practices; (c) quality
instrumentation and maintenance; (d) long-term continuous records and no plans to halt the
programme in future; (e) documentation on station history.
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10.5 The group recognized that all desirable criteria cannot be immediately met by all components
of the presently required global baseline network. However, it recommended exploring the quality
represented by existing data sources such as: (a) the IPCC network (Climate Research Unit,
University of East Anglia); (b) the Global Historical Climate network (National Climatic Data Center,
U.S.A.); (c) the WMO Reference Climatological Station network, including recently proposed
candidate stations; (d) the WMO CLIMAT station network; (e) the WMO Global Atmosphere Watch
network; (f) the WMO World Weather Watch network; (g) surface observations associated with the
GCOS Baseline Upper Air network; and (h) selected stations from the International Data Rescue Coordination Centre. To initiate the work, it decided to request the Climate Research Unit to propose a
list of 8 0 0 stations, with uniform geographical density, from the IPCC data set. This set, with the
possibility of additions from the other sources, would form the group's proposal for a provisional
GCOS Permanent Land-Based Surface Observation Network. It was decided that rationales be
prepared to accompany the list which will be submitted to the Atmospheric Observation Panel
meeting in Tokyo, March 20-23, 1995.
11.

GLOBAL NETWORK OF REFERENCE CLIMATOLOGICAL STATIONS

11.1 WMO has had a long-standing interest in establishing a global network of stable, long-term
stations which provides both Members and the world community with reliable data for studies of
climatic trends, variability and the detection of change. Mr P. Scholefield summarized recent
deliberations from the 11th session of CCI, and WCDMP progress reports regarding the status of the
network. Reference stations are needed not only for global monitoring, but also for regional studies,
including the verification of models, probabilistic studies of impacts and the verification of climate
predictions in the seasonal to inter-annual time frame. Many countries have recently updated their
listing of reference stations, but on a global basis, the distribution is very uneven. In some parts of
the world, the density is sufficient for regional as well as hemispheric studies, but in others there are
large spatial gaps, at least in terms of those stations which have been submitted to WMO.
11.2 Mr Findlay stated that a Reference Climatological Station network suffers similar problems to
other global observing networks: (telecommunications, commercialization, instrumentation
deterioration or automation, pressures to terminate or change location of observing programmes); but
there are additional difficulties brought about by the longevity of observations, ranging from
maintaining consistent archiving and preserving original records, to routine operational problems
arising over time, as meteorological service needs and the environment surrounding the measurement
site evolve. Although stations are set out with the purpose of monitoring climate variability and
change, the changes in siting and instrumentation themselves, unless documented and managed,
may impair the series of long-term measurements. Will there be a greater density of measurements
arising as a result of successful IPCC and GCOS scientific needs? World economic conditions weigh
against it. Therefore, the successful rescue of older records by DARE and ARCHISS activities
increase in importance. Offsetting other current pressures to restrict data exchange and weaken
available resources to maintain networks requires good co-ordination and co-operation. While GCOS
and other global networks support the principle of reference stations and may include a number of
them within their respective networks, they are not a substitution for the WMO Reference
Climatological Station network, as the purpose and operating standards differ. Moreover, most global
networks are insufficient for regional and national studies of climatic variability.
11.3 Mr Findlay went on to say that innovative mechanisms need to be found for the perpetual
funding of long-term reference observatories as these are permanent national and international
institutions. The shared financial involvement of other agencies interested in environmental
monitoring might be of help. Otherwise the long-term security of reference stations may occur
through investment trust funds. Another discussion centred on the usefulness of a sub-set of
reference stations for studying trends in climate due to local anthropogenically-induced activities
such as urbanization.
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12.

CLICOM CONTRIBUTIONS TO CLIMATE CHANGE DETECTION AND CLIMATE SYSTEM
MONITORING PROJECTS

12.1 CLICOM serves as a technology pipeline transferring information, data and new management
procedures to developing countries building scientific capacity. It was felt that the Working Group
should recommend the provision of global and regional data sets to countries having CLICOM, in
order to promote the international exchange of data, to enhance the value of data and to catalyse
the development of science. The Task Group proposed that compact disc-read only memory (CDROM) data storage devices, holding about 600 MB, could be used to transfer large quantities of
station and gridded data to CLICOM subscribers. However, CD-ROM readers are expensive to install
on pre-386 PCs, so that until new PC hardware is available to specific countries, the likely data
transfer media are conventional high-density (1.4 MB) floppy diskettes. Mr K. Davidson agreed to
investigate the cost of producing master CD-ROMs of the USA. National Climatic Data Center's
(NCDC) world data sets, organized by country of origin. It was noted that the Carbon Dioxide
Information Analysis Center (CDIAC), in the USA, is an organization that makes data and information
about data sets freely available on mass data storage devices. It was suggested that CDIAC be
approached with regard to providing climate data sets to developing countries.
12.2 CLICOM serves also as an important focal point for the storage and use of metadata, and the
analysis of "rescued" data. It was recommended that software revisions be made in the next version
of CLICOM to encourage more frequent and complete documentation of metadata. Presently, trained
CLICOM operators are in short supply in some developing countries as computer-trained personnel
are in demand by private economic interests, so there is a need to accelerate training programmes.
The possible mutual interests in capacity building between WMO and programmes such as START
(SysTem for Analysis, Research and Training), whose efforts are focused on developing countries,
should be explored. START'S Regional Research Networks have assisted IGBP, WCRP and HDP
(Human Dimensions Programme) training initiatives in developing country situations. It was
recommended that the WCDMP Secretariat study possible associations with START in connection
with training regional CLICOM operators, and for other capacity-building opportunities.
13.

STANDARDIZED PROCEDURES FOR DOCUMENTING METADATA

13.1 In order to promote a more widespread sharing of data for research and policy development in
the light of global warming and other climatic variability issues, consideration of greater uniformity in
metadata documents is desirable. The group expressed its appreciation to Mr M. Crowe (NCDC) for
the preparation of an informative article on metadata, which will appear in the 5th biennial review of
the global climate system.
14.

DEVELOPMENT OF THE IMPLEMENTATION PLAN FOR THE CCD PROJECT

14.1 The group agreed that the overall focus of the Climate Change Detection Project should
continue to be specifying data requirements for climate change detection research. The present
collaboration with GCOS on the design of surface baseline climate measurements for global-scale
monitoring and climate change research is an appropriate illustration.
14.2 The Permanent GCOS Land-Based Surface Observation Network will include a number of
stations also counted in the WMO Reference Climatological Station network. The GCOS network
complements the WMO plan to designate reference stations, but does not supplant it. The GCOS
network is designed for monitoring at global and large hemispheric scales. The WMO Reference
Station network will be designed to include many stations suitable for regional analyses, in order to
serve Member requirements to set policy in the light of socio-economic and environmental
repercussions to climatic variability, as well as to verify regionally-based model information.
Moreover, the importance of a regional research capability is underlined by recent findings of 1000
km-scale concentrations of anthropogenically-produced aerosols, possibly influencing regional
patterns of global warming. While the Task Group has recommended an air temperature network to
GCOS, as a realisable initial operation, it is clearly understood that this forms but an index element of
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atmospheric variability, and measurements of other surface parameters (pressure, precipitation,
humidity, sunshine, wind, etc.) would provide more complete corroboration.
14.3 Another possible area of productive collaboration is to establish linkages with the WCRP, in
particular with the CLIVAR project. CLIVAR plans to establish a panel on anthropogenic climatic
change. Dr R. Newson felt that there could be very fruitful links with this group, whose focus will be
atmosphere-ocean modelling. The Climate Change Detection Working Group could provide good
counsel in the development of CLIVAR's implementation plan. In turn, CLIVAR's expertise in coupled
GCM modelling, and experience in the use of forcing data (aerosols, ozone, trace gases) could benefit
CCI's CCD implementation plan, as the importance of these two areas to the climate change
detection issue has recently expanded. Mr C. Folland mentioned, for example, a recently launched
1000-year control experiment with the U.K. Meteorological Office GCM, where the "observed data"
used for estimating natural variability were model-created data, instead of "real" observed data. It
was suggested that a joint meeting in about a year's time could explore mechanisms for
collaboration, such as exchanging rapporteurs.
14.4 There was also brief discussion on exploring linkages with the IGBP Past Global Changes
(PAGES) project which examines climate-sensitive natural evidence of environmental change over
geological time scales. For climate change detection purposes, an improved knowledge of intercentury variability over the past millennium, in particular, would be useful (see section 2). Since
CLIVAR assessments of extended-time climate modelling will be done in co-operation with PAGES, it
was agreed that this subject might be discussed at a CCD\CLIVAR joint meeting.
14.5 At the request of the Task Group, Dr J. Miller gave an overview of the Global Atmosphere
Watch (GAW) programme. GAW monitors the chemistry of the atmosphere for changes in
composition, anthropogenic impacts on chemical cycles, and long-range transport of harmful
substances in the atmosphere. GAW measurements include: greenhouse gases, stratospheric ozone,
a number of radiation parameters, precipitation chemistry, chemical and physical properties of
aerosols, reactive gases, radionuclides, and related meteorological data, such as upper air soundings.
GAW receives a variety of observations from about 300 stations. Areas for growth of the network
are in Africa and South America. It also has a small global network of special observatories, whose
data are considered to be of particularly high quality. In addition, GAW has seen established a
number of World Calibration Centres in different regions of the world, for different parameters.
Recently, a new centre for aerosol measurements was opened at Innsbruck, Austria. GAW also
sponsors international thematic conferences, and has assisted GCOS in developing its atmospheric
chemistry component. In the discussion following Dr Miller's briefing, there was interest in knowing
the kinds of aerosol measurements, valuable to climate monitoring, that would constitute GAW's
programme. Dr Miller indicated that this subject was still under discussion, as there was no
consensus in the scientific community at this time. The group expressed the need to collaborate with
GAW in the future to further understanding the applications of greenhouse gas and aerosol forcing
data in climate change detection.
14.6 In addition to improving the CCD Implementation Plan by expanding scientific liaison with
GCOS, WCRP, and GAW in areas of mutual interest, the scope of climate change detection might
also be enlarged to include the special questions relating to urbanization, which has a variable effect
on regional climate in many parts of the world and is of potential or practical importance to large
numbers of people, and is related to the current issue of aerosols and climate. An opportunity is
presented to monitor climate variability caused by urbanization using an "urban" class of WMO
Reference Climatological Station.
14.7 An expanded capacity for climate research and the international exchange of data is a general
global requirement, but the need is greatest in developing countries. WMO has made significant
progress using the CLICOM network, but this requires continued upgrading of equipment and
software, and the training of operators and researchers, as staff turnover can be high in some
regions as a result of competition with industry for computer-trained personnel. This situation has put
a strain on WMO resources. The enlistment of co-operation with international organizations focusing
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on human resources development in developing countries could spark the needed capacity building.
The success of organizations like ENRICH in Eastern Europe, the Inter-American Institute (IAI), and
START is encouraging, and possible linkages with START will be explored.
15.

RECOMMENDATIONS TO THE WORKING GROUP ON CLIMATE CHANGE DETECTION

15.1 The Task Group proposed the following actions and issues for consideration by the Working
Group:
1.

A formal mechanism be arranged for the Working Group to present its views on the data
requirements and representations of data used in the IPCC assessments. It was proposed to
request permission from the IPCC, through the manager, IPCC Office Dr B. Callander at the
Hadley Centre, U.K.,to enter the formal review process of those chapters where there are
data issues pertaining to climate change detection.

2.

Expertise on the data requirements related to atmospheric trace gas radiative forcing as well
as with sulphuric aerosols is needed in the working group.

3.

There should be a closer association with the WCRP, particularly the CLIVAR project, and
GAW activities with the view to designating rapporteurs for coupled atmosphere-ocean
modelling and the climatic effects of tropospheric aerosols.

4.

The Working Group should actively support GCOS in addressing the recommendations of the
January 1995 Asheville meeting on "GCOS Monitoring Requirements for Documenting and
Detecting Long-term Climate Change, particularly with regard to evaluating data in near-real
time with the help of metadata files, developing human dimension climate change indicators,
and developing proxy and tropospheric aerosols data sets that are suitable for climate change
detection purposes.

5.

The recommendations of the Inter-Programme Data Management Co-ordination Meeting
(Geneva, November 1994) should be supported, particularly those related to climate change
detection such as compilation of data catalogues, comprehensive metadata files, improved
data access and the feasibility of inter-programme co-ordination by CBS.

6.

Work closely with GCOS in establishing surface and upper air reference station networks,
taking the lead in the initial selection of stations for the establishment of the GCOS
Permanent Land-based Surface Observation Network. The Working Group should establish a
small task group of experts to conduct a scientific review of the network.

7.

The importance of WMO Member countries establishing and maintaining reference
climatological station networks for the purpose of regional to national scale climate change
detection studies should be emphasized.

8.

Provide global and regional data sets to countries having CLICOM, in order to promote the
international exchange of data, to obtain feedback on data being used and to catalyse the
development of science. The Carbon Dioxide Information Analysis Center (CDIAC) and the
National Climatic Data Center should be approached regarding assistance to provide such
data sets.

9.

To encourage more frequent and complete documentation of metadata, appropriate revisions
should be included among the planned enhancements to the CLICOM.

10.

Assist in developing co-operative projects with the START programme for the training of
personnel to work with climate data, for the ultimate purpose of promoting climate change
detection research at the regional level. This could begin through the training of CLICOM
operators and researchers in developing countries. It was recommended that the WMO
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Secretariat initiate contact with the START office in Washington, U.S.A, and upon favourable
response, arrange for participation by members of the Working Group interested in the
capacity-building issue at a future START programme planning meeting.
11.

The following list of actions and responsibilities should be considered in developing the
implementation plan for the Climate Change Detection Project:
(a)

Help develop, review and comment on the WMO annual statements on the status of
the global climate.

(b)

Collaborate with GCOS on issues of mutual concern.

(c)

Encourage and assist in the development and establishment of reference
climatological station networks including those designated for GCOS.

(d)

Interact with the WCRP, particularly the CLIVAR project.

(e)

Expand the expertise of the Working Group in coupled ocean-atmosphere models
through creation of a rapporteur.

(f)

Expand the expertise of the Working Group in the area of atmospheric aerosol and
other forcing data requirements.

(g)

Establish linkages with the GAW programme.

(h)

Examine possible linkages with the IGBP PAGES project in order to improve
understanding of inter-century climatic variability, particularly during the past
millennium.

(i)

Encourage and promote mechanisms for capacity-building of the climate change
detection issue (data aspects).

12.

Seek ways to familiarize officials drafting international climate change framework
conventions, for example the forthcoming "Conference of the Parties" of the importance of
climate change detection, and the need for much greater co-operation among countries in
sharing climatological data for the common good. An informal discussion with Prof B. Bolin,
chairman if IPCC, regarding a suitable contact was suggested.

13.

Review and comment on the likely role of "new" data from re-analysis projects, remote
sensing (e.g. MSU data) in enhancing or replacing traditional in situ data.

14.

The president of CCI be advised in writing of the results of this meeting, in particular those
related to the design of climate monitoring networks suitable for climate change detection
and strengthening a long-term dialogue on data issues in climate research.

15.

NEXT MEETING OF CCL WORKING GROUP ON CLIMATE CHANGE DETECTION

15.1 The full Working Group should meet in 1996. The timing should be co-ordinated with the
anthropogenic climatic change panel of CLIVAR in order to arrange, if possible, a one-day joint
session.
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