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1.

OPENING OF THE MEETING

1.1
The-expert meeting on the development of the WMO Climate Change
Detection Project was held in Niagara-on-the-Lake, Canada from 26 to 30
November 1990 at the gracious invitation of the Canadian government. The
Director-General of the Canadian Climate Centre and Chairman of the CCI
Working Group on Data Management, Mr. Kirk Dawson, was unanimously elected
Chairman of the meeting.
1.2
The participants were welcomed to the meeting (see Appendix 1) by
Mr. Dawson who extended the best wishes of Ms. Elizabeth Dowdeswell, Director
of the Canadian Atmospheric Environment Service and Permanent Representative
of Canada with WMO. Mr. Dawson extended his thanks to the WMO Secretariat and
to Mr. David Philipps of the Canadian Climate Center for the planning and
arrangement of the meeting. Mr. Dawson noted that the following week would be
a busy one and stated that the major objective of the meeting would be the
development of an achievable strategy for the detection of climate change. He
said that the CCDP is extremely important as viewed by the WMO Members and
Permanent Representatives. He noted that the project was originally suggested
by the Commission for Climatology (CCI) and was quickly endorsed by the WMO
Executive Council in June 1989. A conceptual framework was developed and -*
endorsed in April 1990 by the CCI Advisory Working Group. The project fits
into the concept of the Global Climate Observing System which was recently
recommended by the participants to the Second World Climate Conference. Mr.
Dawson stated that the objective of the meeting was to develop a long-term
strategy, based on concrete ideas, but the strategy must be flexible so that
it may be reoriented based on changing requirements.
1.3
Mr. Victor Boldirev, Director, World Climate Programme, WMO, welcomed
the participants on behalf of the Secretary-General. He stated that
Mr. Dawson was expressing his views as the chairman of the CCI Working Group
on Climate Data Management and noted the chairman's active work in that
capacity. He indicated that the project is intended to provide an
authoritative WMO assessment of the state of the world's climate on a global
and regional basis and an ongoing analysis of major climate anomalies and
trends. The main goal of the meeting of experts was the development of an
implementation plan along with a strategy for the project. Mr. Boldirev
stated four major requirements for the success of CCDP:
o

Co-operation between climate modellers, researchers and data
managers;

o

-Involvement of worldwide participants, especially that of
developing countries;

o

Participation of Climate Analysis and Data Centres;

o

Additional Resources.

1.4
The chairman then reviewed the agenda and noted some the changes as
recommended by the participants. The agenda is included as Appendix 2.
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2.

REVIEW OF RECENT MEETINGS

2.1
Mr.-Philip Jones, University of East Anglia, UK, discussed the IPCC
issue of detection of the Greenhouse Effect in the Observations. He presented
a paper by Tom Wigley et al which described climate change detection methods
and uncertainities.
2.2
Mr. Jones noted that chapter 8 of Working Group 1 report of the IPCC
(Wigley and Barnett, 1990) considered the detection issue as it pertains to
detecting the signal of the enhanced greenhouse effect on climatic
observations. Although the world has warmed by between 0.3 and 0.6°C over
the past 100 years it is not yet possible to attribute all or part of this
warming to the greenhouse effect. The warming is however, broadly consistent
with General Circulation Models (GCM) results.
2.3
Mr.Jones stated that using the record of global mean temperatures, it
is possible to estimate how sensitive the climate system is, to the enhanced
greenhouse effect. Such an assessment leads to a climate sensitivity estimate
which is at the very low end of the generally accepted range of 1.5 to
4.5°C. Mr. Jones noted that estimates of past temperatures from proxy
climatic information indicate that there have been periods in the past whichshow signs of a temperature change of the same order or greater than that
observed over the last 100 years. Thus, it is still possible that all the
observed warming could be natural. Equally, it is possible that much higher
climate sensitivities are possible if the Earth is currently undergoing a
natural cooling which is being offset by the enhanced greenhouse effect.
2.4
Mr. Jones asserted that the IPCC report stressed that reducing the
uncertainties in the detection issue is likely to take a long time, possibly
more than 15 years. This is mainly because of our inability to understand the
causes of past global mean temperature changes, particularly the aspects
relating to low-frequency variability on the century time scale.
2.5
The IPCC conclusions state that improved prospects for detection
require a long-term commitment to monitoring the global climate system and all
potential climate forcing factors. There should be considerable effort devoted
to refining statistical methods and developing a comprehensive detection
strategy involving multivariate fingerprint techniques. Mr. Jones noted that
the IPCC recommended establishing a climatic change detection panel to
coordinate model experiments and the necessary data collection efforts.
2.6
Mr. Victor Boldirev, WMO, discussed important activities at the Second
World Climate Conference, held in Geneva, Switzerland, October-November 1990.
He cited the excellent work done by the Intergovernmental Panel on Climate
Change and summarized some of the findings of that group. He noted that
continued, augmented, systematic long-term operational networks are vital to
the understanding of the Earth's climate system. The continuation of existing
networks such as WWW, GAW, IGOSS, GEMS, GLOSS is essential. Systematic,
ongoing observations of the global ocean are a necessity. He cited the
recommendation for a comprehensive Global Climate Observing System arid the
formulation of a comprehensive detection strategy to improve the prospects of
climate change detection. He said that the Joint Scientific Committee for
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WCRP is involved in the establishment of GCOS and that the CCI will be part of
that process as well. He also noted that the CCI Working Group on Climate
Data will be. an active participant in the CCDP. He stressed the importance of
the formulation of an international climate change detection panel to
coordinate model experiments and data collection efforts directed towards the
detection problem. Mr. Boldirev closed by saying that he felt this first CCDP
meeting was well-timed and was a good first step towards the establishment of
climate change detection requirements.
2.7
Mr. David Rodenhuis, Director, Climate Analysis Center, Washington,
D.C., USA, presented a report on recent results from the fifteenth Climate
Diagnostics Workshop (October 1990; Asheville, N.C.). Many of those results
refer to the analysis of climate anomalies rather than the detection of
secular changes; i.e. climate trends. Nevertheless, Mr. Rodenhuis stated,
there are some methodologies in climate diagnostics which are also relevant to
the detection of climate change. The key element for this work is to bring
new research results into operational practice to quickly determine climate
anomalies. He noted that research results are directed towards ENSO
variations and the establishment of continental drought. There are two
technologies which are especially important for climate monitoring; the first
is long-term data sets from satellite platforms. Equally important is the ~
continuation of the long-term surface in-situ meteorological networks. It was
noted that the nature of these data will be changing as observations are
automated. Mr. Rodenhuis also discussed a new development in the climate
diagnostics area. There is a new emphasis on gridded data sets obtained from
global models using data assimilation techniques. New results will be
available for both the atmosphere and the oceans. He also noted the
importance of reanalysis in the reproduction of datasets. This will include
analyses of surface fluxes and some secondary atmospheric variables; e.g. the
Climate Data Assimilation System (CDAS) Project and the proposed Reanalysis
Project). There is also a growing interest in the evolution of the snow/ice
component in the climate system.
2.8
Mr. Ken Davidson, Deputy Director, US National Climatic Data Center,
summarized the results of the global baseline datasets meeting held in
Asheville, N.C., USA in January 1990 (WCDP-Report No. 11) and reported on
further developments at the NCDC. He stated that the pilot project
established at that meeting is restricted to the collection of in-situ data
and that the major activities include the improvement of the spatial
resolution and quality of climatic data in the World Weather Records and to
increase the number of variables reported to eventually establish a high
quality core data set for climatological research available to all countries.
Mr. Davidson indicated that station history information is vital; that a
station history form had been created and distributed to the pilot project
countries and that excellent response had come from the United Kingdom and
Canada. Mr. Davidson also cited other activities that are completed or
underway within the context of global baseline dataset production including:
o
o
o

£W

The merging of current World Weather Record (WWR) digital datasets;
The establishing of a long-term inventory of WWR digital data on a
country basis;
The expansion of the number of Reference Climatological Stations
(RCS) starting with suggestions for candidate RCS by countries.
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2.9
A group discussion on the importance of World Weather Watch observing
sites took place including the density and distribution of these stations.
Mr. Hamish McCombie, WMO, mentioned that CLIMAT stations have been increasing
in the last 2-3 years, but that CLIMAT-TEMP stations have not. Mr. Davidson
explained that the pilot project, involving a limited number of countries,
established as a result of the Global Baseline Dataset Project must be
completed, at which time the Project can be assimilated into the Climate
Change Detection Project.

3.

PRESENTATIONS ON CURRENT ACTIVITIES RELATED TO NATIONAL AND REGIONAL
CLIMATE CHANGE DETECTION

3.1
The chairman opened the floor to any participant wishing to present
information on CCD-related activities to underscore the wide range of interest
and experience possessed by the group of experts. The topics included reports
of on-going research/analysis projects such as the Global Precipitation
Project; work being done at major processing centres such as the Canadian
Climate Centre and Great Britain's Hadley Centre; Global Climate Modelling
activities; deforestation consequences; dataset building; statistical
approaches; use of proxy data; importance of regional detection activities*,
etc. Those presentations follow in summary form. Some of the presentations
(denoted by *) are included in detail in Appendix 3.
3.2
Mr. Francis Bretherton from the University of Wisconsin, USA, led a
discussion on the overall problem of climate change detection. He stressed
the importance of a long time series of data, the practicing of fundamental
data management principles, and discussed the necessity of separating the
natural variability of climate "noise" from the model prediction "signal". He
said that many results from models have a degree of ambiguity and that the
global warming trend of the last 100 years does not fit the fossil fuel
burning pattern. He stated that most of the proof of detection, in his
opinion, will not come from conventional meteorological data. He stressed
the need for an intercomparison of radiosonde temperature data with satellite
data and noted the importance of humidity measurements, many of which could
come from satellite (SSMI, SIMMR) data. He said that model gridpoint output
should be related to radiation from space and long-wave radiation into space.
He felt that basic monitoring of the climate system should be improved to make
possible the clear definition of regional climate change implications.
3.3
Mr. David Burridge of the European Centre for Medium Range Weather
Forecasts, UK, discussed climate prediction model validation. He felt that
there must be an investment in research to use satellite data and analyses.
He called for a reanalysis of much of the data that was already in hand and an
augmentation to today's World Weather Watch system using automated land based
sensors. A big problem for models was the uncertainty concerning
ocean/atmosphere coupling. He stated that planned satellite observation
programmes of the next decade (AMSU, TRMM, AIRS) will improve greatly the
prospects for model validation and climate change detection.
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3.4
Mr. Luiz Molion of the Brazilian Space Research Institute discussed
the importance of using more remote sensing data in model validations and
climate change detection. He led an interesting discussion on the status and
effects of deforestation on the climate system. Deforestation has increased
five fold since 1978. Models show that deforestation reduces rainfall by
20-30 per cent, equivalent to 5-8 per cent of the total heat transported
poleward by the atmosphere. Forests are an excellent carbon sink and can
absorb 25 per cent of the amount of CO2 released through fosil fuel
burning. He stated the need for monitoring of upper air temperature to detect
the amount of change of heat divergence with time.
3.5*
Mr. Francis Zwiers of the Canadian Atmospheric Environment Service
described current modelling activities in the Canadian Climate Centre (CCC).
He noted that the CCC recently completed an extension of the 2xCÛ2
equilibrium experimental simulations which will allow it to diagnose changes
in variability as well as changes in the mean state of the climate.
Mr. Zwiers discussed work which is currently taking place with respect to the
coupling of an upper ocean circulation model to the CCC general circulation
model (GCM) and the coupling of a version of the Cox-Bryan ocean GCM to the
CCC GCM. Mr. Zwiers also noted work relating to the role of cloud radiation
feedback in the model's climate sensitivity, the development of an improved^*
land surface processes model, the application of 1- and 2-dimensional
radiative balance models to the greenhouse gas problem, and the CCC role in
the WGNE model intercomparison study. Mr. Zwiers also discussed statistical
approaches to the climate change detection issue. He specifically focused on
the "finger-print" technique which involves the development of a temperature
index, based on either surface or free atmosphere analyses which is subjected
to an ordinary trend analysis. Mr. Zwiers stated that temperatures will
continue to be the most effective variable to use in climate change
detection. He also stressed the need for model improvements that will lead to
better descriptions of natural climate variability.
3.6
Mr. Howard Freeland of the Institute of Ocean Sciences, Canada,
presented a summary of climate monitoring activities. BCSOP - The British
Columbia Shorestation Océanographie Programme is monitoring sea surface
temperature and salinity at 18 sites around the Canadian coast. Most of the
observations started between 1935-1937 though two of the sites started 10-20
years earlier. The sites, in general, show a warming trend of up to
l°C/century. Maintenance of the instrumentation and integrity of time series
are continuing problems. However, the temperature observations of station
P (50°M, 145°W) do not show any significant trend at any depth, but salinity
does show significant trends from the surface to depths greater than 1000m.
Beaufort Climate Mooring - A climate monitoring mooring has been installed in
the Canada Basin of the Arctic Ocean north of the Beaufort Sea coast. The
intention is that this will monitor conditions in the Arctic Ocean, including
ice thickness above the mooring.
3.7
Mr. Ken Davidson presented a summary of some recent research conducted
by Richard Heim, Rob Quayle and Tom Karl of the US National Climatic Data
Center. This research involved a statistical study of the 95 year record of
in-situ meteorological data in the northern mid-west of the United States. In
this work, no statistical significance was found in the data to verify the
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anticipated (as projected by models) climate change as a result of the
greenhouse effect. Further, the climate changes as predicted by the IPCC
models for this area of the United States were modelled into a projected
dataset to the year 2030. This model included the natural variability of the
climate overlaid on these predicted changes. On analysing this modelled data
set, it was found that, if all predicted changes actually occur, it would be
another 15-40 years from now before statistical significance would be found.
It was noted that this particular area of the world had a highly variable
climate and that it may be difficult to determine climate change given this
normal variability.
3.8*
Mr. Raino Heino, representing the Finnish Meteorological Institute,
presented information concerning the joint project of the five Nordic
countries (Denmark, Finland, Iceland, Norway and Sweden) to create a Nordic
Climatological Data Set for the study and monitoring of climatic changes in
the northern sector of the Atlantic. The main objective of the project is
digitizing long-term climatological records on a monthly basis. The major
source of digitizing is the meteorological yearbooks of each country, but many
unpublished data sources are also used. The data set will consist of
approximately 20 climatic elements (mean temperature, precipitation, pressure,
cloudiness, etc.) for approximately 50 stations (including Greenland). The"
history of each station is also a crucial part of the project. This is
necessary for the study of homogeneity. A spatial homogeneity test will be
carried out using the method developed in Sweden.
3.9*
Mr. David Parker of the UK Meteorological Office, gave a presentation
which covered a wide range of activities and planned activities which are part
of the comprehensive programme of the Hadley Centre for Climate Prediction and
Research: (1) Assessment of the homogeneity of radiosonde data; (2)
Instrumental corrections to historical sea surface temperature data;
(3) Blending of COADS with the UK marine data bank; (4) Blending of in-situ
and satellite sea surface temperature and observed sea ice; (5) Planned
simulation of 20th century climate; (6) Study of effects of land-station
thermometer exposure on temperature; (7) Development of good global
mean-sea-level pressure data sets. An overall theme was the importance of
scientists' control over the development of their data. Data management and
research must be closely integrated at both national and international levels.
3.10
Mr. John Sandilands of the Canadian Climate Centre noted that during
the past year work has progressed steadily in Canada on defining a Canadian
Climate Reference Network (CCRN). This activity has been carried out through
a testing of the monthly temperature data for all reporting stations in Canada
to see if the data are homogeneous. The first step was to develop a
homogeneity testing procedure which is based on comparing a station data set
with several of its neighbours. This method works well in the south but not
very well in the Arctic where the nearest neighbours are generally too far
away to be useful. Mr. Sandilands said that CCRN in Canada is based on the
following criteria: The stations must be in operation and continue to be so,
for the foreseeable future; the record must contain at least 30 years of
homogeneous data and breaks in the record cannot exceed four years; at a
minimum, the station must record both temperature (maximum and minimum) and
precipitation. In June 1990, a list of 132 stations was forwarded to WMO as
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candidates for the CORN. The list was indicated to be provisional until
homogeneity testing is completed. A further set of replacement stations will
be developed that may be used if original CCRN stations cease to operate.
Mr. Sandilands stated that certain of Canada's national parks and biosphere
reserves do not have climatological stations at this time. If stations can be
initiated in these areas, they will immediately be added to the network due to
the fact that they will be expected to remain operational in these pristine
environments for many years.
3.11
Mr. Barry Goodison of the Canadian AES gave a brief overview of the
on-going WMO/CIMO Intercomparison on Solid Precipitation Measurement involving
more than 15 countries. The Intercomparison has been designed to: determine
the wind related errors in national methods of solid precipitation
measurements, including consideration of wetting and evaporation losses;
derive standard methods for correcting solid precipitation measurements; and
introduce a reference method of solid precipitation measurement for general
use, to calibrate any type of precipitation gauge. Mr. Goodison stated that
field observations will continue until 1992. Initial results clearly show
that there is serious undermeasurement of solid precipitation, particularly
for unshielded gauges. For moderate wind speeds, measurements of 1/4 - 1/2 of
true are commonly recorded for a variety of gauges. There is a need for
correcting solid precipitation measurements before testing for homogeneity and
building a time series for climate monitoring, GCM model validation,
conducting a regional and global water balance and validating or integrating
satellite derived snow cover measurements. With respect to satellite remote
sensing of snow cover, Mr. Goodison noted that significant advance has been
made in the mapping of snow water equivalent/snow depth using passive
microwave data, especially for open plains regions. Validation of products is
on-going; modelled snow cover based on precipitation measurements and a
simple water balance is one approach to this validation.
3.12* Mr. Alan Morgan of the Geological Survey of Canada led a discussion on
the use of proxy data records for climate change detection. Proxy data, the
role of non-instrumented methods for the detection of past climate change, is
researched by many scientists of different disciplines. Events detectable to
the annual or decadal level over the last 2,000 years are of paramount
importance. Other events in Stream 2 of the PAGES Programme's CORE Project
(decadal to century resolution over the last interglacial to present cycle)
are also of interest. In spite of some drawbacks, proxy data can contribute
useful information to baseline climate data sets. In specific regions, and
because of special reasons (annual growth or deposition) records sometimes can
be of high precision. Examples include annual layers of snow and ice which
contain records of atmospheric gases and aerosols. Remote events which can
have major influence on climate (volcanic ash, dust storms, chemical "spikes")
often can be resolved to within a single year. Tree rings in most temperate
and some tropical trees reflect annual growth and record climate variability.
The annual record now extends back over 10,000 years in Europe and nearly
8,000 years in North America. In the case of permafrost, a substantial number
of northwestern Canadian records indicate a warming trend over the last two
decades. Mr. Morgan noted that many biological indicators are trapped in lake
and bog sediments and record events such as droughts, forest fires, ecotonal
shifts and local (and more distant) plant and animal communities. Ocean
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basins contain sediments of fluvial, coastal, and aeolian origin, volcanic
ashes, and iceberg (glacier derived) meltout. In addition, the bottom
sediments receive a continuous rain of dead near-surface animals and plants
and these can be extremely useful in detecting climate signals.
3.13*
Mr. V. Thapliyal of the India Meteorological Department talked about
the perspective of climate change and the importance of data homogeneity in
India. India has instrumental observations of basic climatic elements for
about one hundred years. Proxy data for several thousand years have also been
prepared for some locations of the western portion of India. Observations for
at least one decade are also available on air pollution parameters. He
described an analysis of various types of representative data. The long
series of temperature data (1901-1989) indicates that the temperature of India
has increased by half a degree since 1901. However, regional temperature
trends indicate warming over some portions of India and cooling in some other
portions of the country. Analysis of monsoon and annual rainfall of India as
a whole indicates epochal variability only. No long term trend has been
noted. Long record of ozone data collected over Indian stations show
year-to-year variability. No long term trend has been noted. Air pollution
data collected during recent 10-15 years indicate variable trends over
different stations. Proxy data collected from the tree rings indicate that^
the monsoon rainfall has changed during past centuries. Mr. Thapliyal
concluded by stating that detailed analysis of monsoon relationship with the
Southern Oscillation Index (Darwin pressure) indicates that the epochal
variability observed in climate is apparently connected with the climatic
forcings which have periods of less than half a century.
3.14* Mr. Bill Kininmonth of the Australian National Climate Centre prefaced
his comment on the systems being put in place in Australia by briefly
describing recent climatic trends detected in the instrumental record of the
past 90 years. Australia is nearing completion of its assessment of stations
for the pilot study of the Global Baseline Datasets Project. A parallel but
more detailed examination is being carried out of stations targeted for
Reference Climate Station status. Mr. Kininmonth cited some difficulties
maintaining long-term homogeneous data records, including sites operated by
the Australian Meteorological Service and other Australian governmental
agencies. A dataset of 200 rainfall stations with homogeneous records has
been selected as a basis for climate change research. WMC, Melbourne is
providing routine analyses as the basis for climate monitoring in the southern
hemisphere. Monitoring of climate over the South Pacific will be assisted by
the establishment of stations being provided to neighbouring island nations by
Australia. The South Pacific Regional Environment Programme will also provide
the framework for regional co-operation. The Cape Grim Baseline Air Pollution
Monitoring Station is an important component for the monitoring of trace gases
in the atmosphere.
3.15*
Mr. V. Vent-Schmidt presented a summary of activities at the Deutscher
Wetterdienst, Federal Republic of Germany. After the first World Climate
Conference, the Government of the Federal Republic of Germany decided to
establish a National Climatic Research Programme. In 1987 the German Climate
Computer Centre was established at the Meteorological Institute of the Max
Planck Society in Hamburg. Part of this programme included running global
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climate models and coupled ocean atmosphere models. The Federal Ministry for
Research and Technology is responsible for the budgetary heading. A special
secretariat was installed this year at the Alfred Wegener Institute in
Bremerhaven dealing with global change. The major projects within the
National Climatic Research Programme now contribute to the Global Change
Programme. Global Baseline Datasets play a significant role in detecting
climate change. The INFOCLIMA catalogue for which Mr. Vent-Schmidt is the
rapporteur in CCI is a valuable resource to get information on those data
sets. The Deutscher Wetterdienst has a long tradition in processing and
archiving historical data. In the Seewetteramt in Hamburg, for example, a lot
of data from voluntary observing ships (starting in 1852) are archived and a
long record of CLIMAT reports is available on magnetic tape. Within the WCRP
of WMO, the Federal Republic of Germany agreed to establish two data centres
dealing with hydrological data. One is the Global Runoff Centre and the
second is the Global Precipitation Climatology Centre (GPCC). The GPCC as
part of the GEWEX will provide a data set of global monthly precipitation
totals on a grid of 2.5 degree for the period 1986-1995. For this reason
precipitation measurements received via GTS in CLIMAT and SYNOP reports are
processed, quality controlled and combined with derived data from
geostationary and polar orbital satellites prepared in special data centres.
Interpolation methods allow the calculation of grid data from isohyetal
analyses on a powerful graphical work station. The GPCC data sets will be
available at the World Data Centres of WMO.
3.16*
Mr. R. Jenne talked about activities at the National Center for
Atmospheric Research that contribute to climate change detection. He gave an
overview of the data holding at NCAR that have been gathered to help support
climate diagnostic studies, model development, and teleconnections which
include a wide variety of datasets. He gave a report on the importance of
reanalysis projects and activities underway at NCAR. Mr. Jenne also discussed
about a project at NCAR which is gathering and saving climate model data for
use in assessment studies.Mr. Jenne also discussed the need for paleoclimate
records for use in climate change detection. He noted the problem of
detecting a greenhouse gas signal which is perceptibly different from the
noise of natural variability. For detection, Mr. Jenne noted, we need to
estimate natural variability on time scales of 30-200 years. The main direct
sources for this information are inferences from historical documents and
proxy records such as tree rings, ice cores and the like. He stated that a
new look at the paleoclimate record is needed to determine what can be said
about natural variability on local to global spatial scales.
3.17*
Mr. L.Ogallo discussed climate change detection studies in Africa. He
noted that Africa has complex regional Climate Systems. He stated that some
of the observed anomalies in Africa have been localised in nature and lasted
only for a short period of time. Others like the Sahel drought, excessive
rainfall of the early I960's and the 1980-84 rainfall anomalies extended over
large areas and persisted for a long period. Mr. Ogallo described the kinds
of data which have been used to study the African climate. He also identified
the most vulnerable areas or systems which must be monitored in any climate
change detection programs in Africa. He noted that climate variability in
Africa has strong teleconnections to other parts of the world. He also noted
that the observational network for biosphere, atmospheric and aquatic
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measurements must be improved in order to provide an optimum climate detection
network for Africa. He said that any climate change detection programmes in
Africa must be linked with the activities of the major African Climate Centres
like the ACMAD, DMC and AGRHYMET. Mr. Ogallo stressed that the Centres
require training, research facilities and close collaboration with some of the
well developed Climate Centres in the world.

4.

WORKING GROUP ACTIVITIES

4.1
Following the presentation on current activities by the experts, the
attendees were divided into three working groups focusing on the following
detection issues:
(i)

Detecting Climate Change using Analyses and Diagnostics
(Chairman : P. Jones);

(ii) Global Baseline Datasets

(Chairman : K. Davidson);

(iii) Evaluation/Authoritative Assessment (Chairman : D. Rodenhuis).
-v

The compositions of the Working Groups are contained in Appendix 6.
The following sections contain summaries of the recommendations of
each working group. The full statements of Working Groups I and II are
contained in Appendix IV, while the report of Working Group III is contained
in its entirety in this section.
Working Group I - Detecting Climate Change using Analyses and
Diagnostics
4.2

The Working Group recommended the following:
Project Scope:
Within the context of the CCDP, detection should be defined as
the deciphering of changes in observed climate that are in
accord with out understanding of the physical causes of these
changes;
The detection strategy should be a broad one, but should
emphasize the ability to attribute any observed changes to
Greenhouse Gas (GHG) forcing;
Climate Change Detection (CCD) should involve the considered
analysis of chronic or persistent climatological parameter
anomalies on global and regional scales. The persistence over a
long temporal period would probably result in a marked change in
the mean state of parameters. Climate System Monitoring would
remain a separate domain, concerned with the on-going analysis
of seasonal or interannual climate fluctuations;
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Methodology:
The key detection variables include:
-

Temperature (surface, tropospheric and stratospheric);
Precipitation (liquid and solid);
Cryospheric elements (e.g. sea ice, mountain snow lines,
volume and extent);
Sea level;
Ocean temperature and salinity;
Net Radiation;
Those related to proxy data.

The CCDP should monitor and use data for the states of the
primary forcing factors, in the atmosphere (radiatively active
gases, volcanic activity, solar constant variability, planetary
albedo), in order to establish linkages between them and trends
in the detection variables;
Parameter changes must be detected AND attributed to a priori
determined factors;
The CCDP must concentrate on finding and separating the signal
of climatic response to a forcing factor, from the noise of all
climatic variations not related to the signal;
The detected signal must be large compared to the noise in order
to claim detection;
A detection strategy should involve both model-driven and data
driven streams of activity in the observational records;
The model driven approach should use results from large-scale
General Circulation Models which might provide clues to the
responses to be sought after in the observational records;
-

The data driven approach revolves around the use of rigorous
statistical analyses which can provide strong circumstantial
evidence toward the attribution of a persistent climatic trend
to a specific cause;
Globally analyzed data sets are necessary in the validation of
model simulations;
A reanalysis effort to produce new analyzed data sets of 20-year
and longer time periods, using the best available models should
be stressed;
The CCDP should be ready for a long lifetime because there is
little optimism about the likelihood of attributing observed
climate changes to the enhanced GHG in the near future.
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Working Group II - Global Baseline Datasets
4.3
The Global Baseline Dataset Working Group recognized the importance of
long-term datasets to provide a complete historical climate record. The
Working Group stressed the importance of the total concept of data management
extending from the design and deployment of instrumentation to the building
and exchange of climatological datasets and analyses.
4.3.1

Following is a summary of the Working Group's recommendations:
General
The Global Baseline Dataset Project should be assimilated into
the CCDP;
Baseline datasets must provide a complete historical record of
the climate and should be global and regional;
Extend in-situ and satellite datasets further back in time;
Further assessment of the use of proxy data should be undertaken;
Develop a gridded data set for verification of climate models
and as a basis for reanalysis effort;
Collection
-

Continue reliance on the operational WWW system, particularly
the Global Observing System and the Global Telecommunications
System;
Support activities related to the Global Climate Observing
System;
Continue efforts to increase density and improve areal
distribution of CLIMAT and CLIMAT-TEMP reporting stations;
Add observed parameters to CLIMAT reports;
Continue to support and expand upon Reference Climatological
Stations to ensure maintenance and continuity of long-term data
series;

-

Revise procedures concerning the collection and dissemination of
monthly surface station data;
Include IGOSS created observations in GTS;

-

Create and preserve data homogeneity by especially regarding
deployment of automated sensors.
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Compilation
Improve building and distribution of World Weather Records
datasets;
Accurate metadata (information about the data) is a requirement
but must be carefully compiled;
Build upon conventional in-situ measurements with present and
advanced satellite system capabilities;
Produce integrated and blended data sets;
Continue worldwide rescue of deteriorating manuscript
observational records (WMO DARE Project);
Exchange
Include "Pathfinder" datasets as part of the Global Baseline
Dataset Project for Climate Change Detection.
Provide easy, inexpensive access to data on high density media;
Enhance lexicon of climate change terminology produced by Second
World Climate Conference;
Encourage use of CLICOM as data exchanges standard, especially
in developing countries;

Working Group III - Evaluation and Authoritative Assessment of Climate Change
Detection
4.4
Working Group III affirmed there is a need for WMO to have an ongoing
process for regular assessment of climate change information, including the
detection of climate change. This would be achieved through a biennial review
carried out by a WMO Panel on Climate Change Detection, with status equivalent
to an Executive Council Panel. An objective of the assessment will be the
delineation of any climate change signal from the background noise of natural
climate variability.
4.4.1
The first report of the Panel should be available prior to the
completion of the negotiations of the Convention on Climate Change, scheduled
for June 1992 in conjunction with the UN Conference on the Environment and
Development. Reports of the Panel would be available to the IPCC in support of
future work by that body.
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4.4.2
It is proposed that the WMO Panel on Climate Change Detection would
comprise a 12 to 15 member core group with additional members seconded, as
necessary, from special areas. The core group of the Panel would have
representatives from:
a)
b)

Climate analysis and data management centers with equitable
geographical and special interest representation;
Major international observing and research programmes, such as
WCRP and IGBP.

4.4.3
The WMO Commission for Climatology should have an active role in the
work of the Panel.
4.4.4
It is expected that the Panel will provide an authoritative statement
at least every one to two years and will reflect a responsible balance of the
prevailing scientific understanding of the important issues. In developing
each statement the Panel will consider the views and reports of scientists
working in the relevant fields of research.
4.4.5

Each assessment will take account of:

a)
b)
c)

presentation of an historical perspective;
evaluation of any trends; and
discussion of physical mechanisms.

4.4.6
It is important that the Panel's assessments are sensitive to changes
in contemporary views on processes relevant to climate change and its
detection. In meeting the objective the Panel will be innovative in the
presentation of information and aware of recent research and modelling results
bearing on the climate change agenda.
4.4.7
The Working Group concluded that if the Panel is to have access to the
necessary information for its assessments it will be essential for the
infrastructure of operational climatology to be substantially strengthened. In
particular, to underpin this work there is a need for:
a)
b)

development of a Global Climate Observing System (GCOS) as
outlined to the Second World Climate Conference; and
strengthening of the capabilities of global and regional climate
centres to support major data management projects and provide
the essential routine analyses of the climate system.

4.4.8
In order to meet the needs of the operational infrastructure the
Working Group recommends that the Secretary General of WMO seek the support of
Members and the strengthening of national climate programmes.
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5.

GENERAL DISCUSSION ON CCDP

5.1

The experts pointed out that CCDP should be:
(a)

the international focus for co-ordinating the building of
composites datasets including satellite, proxy and in-situ
observations of land, air, water and oceans;

(b)

a focal point for the development of detection strategies;

(c)

the provider of regular authoritative assessments on climate
change and the state of the art of climate change detection;

(d)

the administration of the world's premier, current database on
climate change detection activities.

5.2
Clearly, as Working Group I articulated, the CCDP is a long-term
project, but should have short and medium range deliverables.
5.3
Taking into account the Working Group recommendations, a broad CCDP
strategy and implementation plan was formulated following the meeting and is
included in Appendix 7. This strategy depends a great deal on the
continuation of efforts which have already begun throughout the world in such
places as research, analysis and data management centres, National
Meteorological Centres of Member countries, CCI and other projects with which
the WMO is currently affiliated.
5.4
The experts stressed that much of this work should be carried out in
Member countries. Regional participation on a global basis is a necessary
component of the CCDP, with regard to data acquisition and exchange, climate
monitoring and detection.
5.5
This will require participation by developed and developing countries,
with continual training at the levels of observer, teacher, researcher and
modeller.
5.6
The long-term CCDP strategy depends on improvements to the current
state of every component of the project. Accurate assessments will not be
possible unless many of the CCI and CBS recommendations are fully
implemented. Improvements to data collection, compilation and exchange
systems, analyses and models and computer technology must occur.
5.7
The CCDP need not wait, however, for such improvements to be realized
before beginning the process which will lead towards more and more accurate
assessments in the future.
5.8
There are many vigorous programmes and infrastructures working today
to collect, transmit, quality control, compile, exchange and distribute
climate data and data bases. The CCDP will use these activities as a
foundation for the future.
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5.9
The collection of data stresses, but is not limited to, current and
future observational systems. Collection also means the rescuing of data
records which are falling prey to time and may not be available to future
generations if suitable steps are not taken.
5.10
The WMO World Climate Data Programme (WCDP) of the World Climate
Programme is involved in a Data Rescue Programme for Regional Association I,
the purpose of which is to transfer disintegrating records to microform and
digital media.
5.11
The WCDP CLICOM programme is also helping many countries build
climatological data bases through the use of computer technology. It is
through the standardized format of CLICOM data bases that the exchange of data
can take place in the near future.
5.12
The CCDP recognizes the extreme importance of a homogeneous
climatological record. Many observing station have undergone changes in the
type and siting of instrumentation, for example, which can have a profound
effect on the integrity of data time series. This effect is widely recognized
and is addressed as an integral part of the Global Baseline Dataset component
of the CCDP, especially in regard to the expansion of the Reference
Climatological Station network. Particular care must be taken in the future
with the replacement of manual with automated observing stations.
5.13
A very strong message from the Experts was that the continuation and
enhancement of the World Weather Watch system was required for climate
activities. Improvements are needed in the collection of both daily and
monthly data from all parts of the globe but especially from tropical and
remote, sparsely populated areas. Specifically:
i)

A plan of action for monitoring and ensuring the timely
preparation and transmission of CLIMAT reports from the existing
network should be carried out;

ii)

The designation of new CLIMAT reporting stations in those areas
where the density of reporting stations is less than five
stations per 250,000 square kilometers.

iii) CCI and CBS should accelerate their efforts to improve CLIMAT
reports especially regarding the difference between variables
"not reported" versus "missing", rainfall and snowfall water
equivalent;
iv)

The transmission on the GTS of monitored climate information
such as temperature anomalies, climate advisories and forecasts.

v)

There should be an adoption of the "net radiometer" as a
standard instrument in Class A observing stations and subsequent
radiation observations should be transmitted on the GTS.
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5.14

The CCDP should take into account such experiments and programs as:
TOGA
WOCE
GOOS
GTSPP

5.15
The Experts pointed out that improvements to infrared and microwave
sounding instruments which allow for better vertical tropospheric resolution,
better wind observations, reliable rainfall measurements,more accurate
radiation budget information, and improved ocean measurements of SST,
topography, sea ice, polar ice sheet thickness will be necessary for the
long-term assessments. Important data is available today from past and
present instruments (e.g. from the NOAA series, ERS1/2, DMSP) and will be
available from future satellite deployments(e.g. EPOP, JPOP, EOS,
TOPEX/POSEIDON, TRMM, GOES I-M). Other satellite data issues such as blending
with in-situ observations and reanalysis of existing data sets is within the
purview of the Global Baseline Dataset component of the CCDP.
5.16
The Global Baseline Dataset Project of the WCP (see WCDP-No. 11) gives
a great deal of momentum to the CCDP. Some of the short range objectives
which are now underway include:
The establishment and distribution of a data format, station
history questionnaire;
-

Collection of metadata and inventories from a select group of
countries;

-

Evaluation of candidate Reference Climatological Stations
submitted by more than 80 Members;
Inventory of worldwide ocean datasets;
Merging of current WWR tapes and other available datasets;
Building of a comprehensive aerological dataset (CARDS project
of the NCDC in the USA).

-

Building of a Global Historical Climate Network

5.17
The GBDP will build global and regional land surface baseline datasets
and integrate these into gridded datasets.
5.18
An example of regional progess includes the Nordic Climatological Data
Set project being undertaken by Denmark, Finland, Iceland, Norway and Sweden
(see Appendix III).
5.19
Another regional project is a result of the ANZUK (Australia, New
Zealand, United Kingdom) agreement and will produce a regional climate
database for the South Pacific Ocean.
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5.20
The CCDP Experts suggested that the GBDP be expanded to include a
humidity element (e.g. cloud cover, solid and liquid precipitation) and other
cryospheric elements (e.g. sea-ice extent, glacial extent and volume) and
satellite information which should be viewed as a means of improving and
augmenting conventional data. It was suggested that the Secretariat search
for a volunteer to assist in expanding this project. It was further suggested
that the project should begin to blend or integrate daily satellite and
in-situ observations. In this regard the CCDP is looking with great interest
at the work being carried out in the NOAA Climate Analysis Center (USA)
concerning the development of a Satellite Climate Diagnostics Data Base.
5.21
In recognition of the importance of proxy data for use in the
reconstruction of longer-range climate time series which may give clues to the
magnitude of long term climate variability the CCDP will use the results of
the WCP Archival Survey Project (see WCDP-No. 12).
5.22
The main thrust of this project is the use of professional archivists
to compile proxy data from, for example weather diaries, descriptive weather
accounts and records of parameteorological phenomena (e.g. frozen rivers).
5.23
The CCDP will coordinate with collectors and users of other kinds of
proxy data. One of the first of these will be with the NOAA/NESDIC/NGDC (USA)
Program in Paleoclimatology which has an emphasis on assembly and integration
of global paleoclimate data. Coordination with IGBP's Past Global Changes
(PAGES) project, which is integrating existing national and international
paleo-projects would be advantageous in the short term.
5.24
For full global participation in the CCDP, the full and open exchange
of data and datasets between member countries must be encouraged. The Experts
recommended improved exchange of data from the CLICOM project which would be
greatly beneficial to the CCDP. Additionally, it should be requested that the
US NOAA/NASA "Pathfinder" datasets be utilized in the CCDP. The Pathfinder
datasets are period of record GOES and NOAA Satellite datasets.
5.25
The Experts stated that the CCDP work must be of a dynamic nature and
allow for changing priorities to suit the most relevant environmental issues
and major advances in science and technology.
5.26
Current capabilities of the Members will be called upon whenever
possible in the CCDP project.
5.27
The Experts unamimously endorsed the concept of a climate change
Information System (IS) which would be updated in an operational fashion and
easily accessible by all Members.
5.28
Following the meeting, the thoughts and concepts discussed were
synthesized into a strategy and implementation plan for the project by
Mr. Ken Davidson of the USA. This plan is included as Appendix 7.
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WORLD METEOROLOGICAL ORGANIZATION
Experts Meeting
Climate Change Detection Project
Niaga ra-on-the-Lake, Ontario
26-30, November 1990
PROVISIONAL AGENDA

MONDAY, 26 NOVEMBER, 1990

09:00 a.m.

1.

OPENING OF THE SESSION

2.

ORGANIZATION OF THE SESSION

3.

4.

2.1
2.2

Approval of chairperson
Approval of the agenda

2.3

Working arrangements for the session

REVIEW KEY OUTPUTS FROM RECENT MEETINGS
3.1
IPCC - Detection of the Greenhouse Effect in the Observations
3.2
Second World Climate Conference
3.3
XV - Climate Diagnostics Workshop
3.4
Asheville Meeting on Global Baseline Data Sets
PRESENTATIONS ON CURRENT ACTIVITIES RELATED TO NATIONAL AND REGIONAL
CLIMATE CHANGE DETECTION

TUESDAY, 27 NOVEMBER 1990
5.

BASIC COMPONENTS OF THE CCDP
5.1 Global Baseline Data Sets
5.1.1
5.1.2
5.1.3
5.1.4

Collection and exchange
Metadata
Remotely-sensed data
Proxy Data

TUESDAY, 27 NOVEMBER 1990 (Cont'd)
5.2

Strategy and Methodology on Detecting Climate Change
5.2.1

Selection of parameters for detection

5.2.2

Validating global climate models

5.3

Analysis of data and diagnostic studies

5.4

5.3.1
Diagnostic studies to produce analysis
5.3.2
Gap-filling and data synthesis
5.3.3
Model comparisons
Evaluation/Authoritative Statement

Appendix 2 P.2

WEDNESDAY, 28 NOVEMBER, 1990
6.

WORKING GROUP SESSIONS
6.1

Global Basline Data Sets

6.2

Detecting CLimate Change

6.3

Evaluation/authoritative Statement

THURSDAY, 29 NOVEMBER, 1990
7.

WORKING GROUP REPORTS AND DISCUSSION
(morning)

8.

TOUR OF NIAGARA FALLS AND REGION
( aft e moon-evening )
or
WALKING TOUR OF NIAGARA RIVER

FRIDAY (MORNING), 30 NOVEMBER, 1990
9.

REVIEW OF MEETING REPORT

10.

FOLLOW-UP TASKS AND WORKPLANS

11.

CLOSING OF THE SESSION (noon)
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SOME CONSIDERATIONS FOR USING THE "FINGER PRINT" TECHNIQUE
Francis Zwiers
Atmospheric Environment Service
Numerical Modelling Division
4905 Dufferin Street
Downsview, Ontario
CANADA
M3H 5T4
1.

INTRODUCTION

The finger-print technique was first proposed by Barnett and
Schlesinger (1987) and is now beginning to find application in the
analysis of observed temperature data for evidence of the enhanced
greenhouse-gas effect.
At its simplest, the finger-print technique involves the
development of a temperature index, based on either surface or free
atmosphere analyses, which is subjected to an ordinary trend
analysis. The index is generally constructed as a weighted spatial
average of a time series of seasonal or annual mean temperature
fields.
From an algebraic point of view, both the individual
temperature fields and the field of weights may be regarded as
vectors in a multidimensional phase space. The index time series
consists of the projections of the time series of temperature
vectors onto the weight vector. That is, the index time series
measures the extent to which individual temperature vectors point
in the same direction as the weight vector in phase space.
Many analyses have been conducted using global mean
temperature as an indicator of climate change. While the language
of the finger-print technique has not been associated with these
analyses, they are in fact special cases of the finger-print
technique. In the case of the global mean, temperature fields are
projected onto what might be called the "uninformative" weighting
vector in phase space; that is, the vector made up entirely of
units.
2.

DETECTION

The "detection" of a significant trend in the annual global
mean temperature time series (ie, the coefficient or loading time
series for the uninformative finger-print) is a necessary part of
the attribution of global warming to the enhanced greenhouse-gaseffect. However, it is not on its own sufficient because of the
possibility that other anthropic and natural causes of variability
are confounded with the greenhouse gas signal in global mean
temperature.
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One approach to the "detection" of a significant trend in a
coefficient time series {Ct}nt=1 consists of
a)

the fitting of a trend model such as
Ct = a + bt + Ej

(1)

to the time series. Here {EJ is a zero mean time series of
disturbances which may be auto correlated and may display
stochastic behaviour with long memory; and
b)

a test of the null hypothesis that the trend coefficient is
zero
H0 : b = 0.

(2)

The application of this approach to the available surface
temperature record has not resulted in the unequivocal rejection of
Ho. This has come about because global mean temperature has the
long memory stochastic characteristics which prevented the
unequivocal identification of an appropriate stochastic model for
An alternate approach has been described by Wigley and Raper
(1990); see also IPCC, Working Group 1, Section 8. Here, a simple
model of the coupled climate system is used to deduce the natural
variability of the trend coefficient when a model such as (1) is
fitted to the annual global mean temperature time series by least
squares. This approach does lead to the rejection of the hypothesis
that observed time series does not contain a trend. However, the
inference is made in the context of a climate system which behaves
like the Wigley and Raper box diffusion model. That is, it is
implicitly assumed that the unperturbed climate behaves like the
Wigley and Raper model.
3.

ATTRIBUTION

As noted above, "detection" in the sense discussed above is
necessary but not sufficient for the attribution of the trend to
the enhanced greenhouse gas effect. In order to achieve attribution
it is necessary to narrow the options for covariability with other
anthropic and natural effects by using a finger-print which
isolates the greenhouse gas signal from other climate signals.
Preliminary finger-print studies are now underway (Karoly
(personal communications), Jones (this volume)) with finger prints
derived from equilibrium doubled C02 experiments (see IPCC, Working
Group I, sections 3 and 5) . The results of these studies are
suggestive
but do not constitute attribution because the
possibility remains that other climate signals can also express
themselves through these finger prints. Attribution in an
unequivocal sense awaits the outcome of future climate simulation
experiments which would be designed to test the ability of proposed

Appendix 3 P.3

fingerprints to express the greenhouse gas signal and ignore the
effects of other climate signals. Even when such finger-prints are
identified, it will still be necessary to pay careful attention to
the question of trend detection in the resulting coefficient time
series.
4.

REFERENCES
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NORDIC CLIMATOLOGICAL DATA SET
( Presented by Dr. Raino Heino, Finnish Meteorological Institute)
In 1989 the five Nordic countries (Denmark,Finland,Iceland,
Norway and Sweden) started a project to create reliable and
long-term climatological data sets on computer media for
research of climatic changes in the northern parts of the
Atlantic. Because the greatest potential climatic changes
induced by increasing greenhouse gases are estimated to
occur in the high latitudes, the data of the Nordic countries
extending up to 80th latitude are in a key position in the
study and future detection of climatic changes.
The preliminary network of the Nordic Climatological Data
Set comprises of about 50 stations (cf. the map):
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Climatic elements to be included in the Set are the
following (on monthly basis):
-

mean temperature
precipitation amount
mean air pressure
mean cloud cover
sunshine hours
mean relative humidity
mean maximum and minimum temperatures
absolute maximum and minimum temperatures
maximum precipitation (24- hours)
mean wind speed and direction
mean and maximum snow depth
number of days with precipitation (£_ 0.1 , _> 1 .0 , «M 0. 0 mm)
number of days with cloudy and clear days
number of days with fog , thunderstorm , frost , snow cover.

Homogeneity of the data records used for the; study of
long-term climatic changes is essentially important.
Changes in instrumentatation and observing methods, station
relocations and many man-made environmental effects (e.g.
urbanization) should be detected and removed in order to
avoid apparent changes (trends,jumps,etc.) in the records.
This requires the handling of the historical characteristics
of the data (metadata) based on station inspection reports
and other sources of information at the respective institutes.
It is also necessary to digitize part of the metadata for
the operational quality and homogeneity checking. Methods
developed in the Nordic countries will be used in the
homogenization process (cf. eg. Journal of Climatology,
Vol. 6, p.661-675, 1986).
The project was discussed in a meeting on 12-13 November
1990. Accordingly, the present plan and time-table were
summarized as follows:
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Plans for 1991: It was decided to create a basic North
Atlantic Climatological Data Set consisting only two
of the parameters: mean temperature and precipitation.
All the Nordic institutes work with realization of
this plan and during the autumn 1991 the progress is
documented in short reports.
Plans for 1992-1994: The work will continue and additional
parameters will be included. During the autumn 1991
a detailed schedule for this work will be developed.
The ideas of the climatological analysis of the data sets
will be exchanged and the content of a coordinated report
will be outlined. The strategy of how to best achieve this
work with a time schedule will also be defined.
It was also realized that the success of the work to create
the data sets is closely related to how much economic
resources are allocated for this activity. Improved
financial support means that the work would speed up.
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Presentation by Mr. D. Parker, Meteorological Office, U.K.
This presentation covered a wide range of activities and planned
activities which are part of the comprehensive programme of the Hadley Centre
for Climate Prediction and Research (Figure 1).
1.

Assessment of homogeneity of radiosonde data

1.1

More information on present and past instrumentation is needed.

2.

Instrumental corrections to historical sea surface temperature data

2.1
The method used was briefly described. Fuller details are in the
Global Ocean Surface Temperature Atlas (Bottemley, et. al., 1990), which was
made available to participants and in references quoted therein.
3.

Blending of COADS with the UK Marine Data Bank

3.1
The potential benefits of this were stressed, along with the value of
acquiring and digitizing the pre-1935 Japanese marine data which could augment
early 20th century coverage in the North Pacific by up to 50 per cent.
4.

Blending of in-situ and satellite sea surface temperature and observed
sea ice

4.1
Careful blending of in-situ and satellite sea surface temperatures is
essential for the removal of relative biases. It is at present done using the
technique of Reynolds (J. Climate, I, 75-86 (1988)). Sea ice data are
essential : lack of these can cause biases in the blended fields of sea
surface temperature.
5.

Planned simulation of 20th century climate

5.1

This would benefit from (2), (3), and (4).

6.

Study of effects of land-station thermometer exposure

6.1
A review of past work on this was summarised. The review will appear
in a WMO volume of supplementary IPCC papers. It was suggested that the
Canadian Screen described by G.J. Kingston (1878) be reconstructed and that
readings be taken in it alongside readings in a modern screen. Such a
comparison has never been made, according to Morley Thomas. The comparison
would aid assessment of early Canadian temperatures.
7.

Development of good global mean-sea-level pressure data sets

7.1
Work in progress on prediction of tropical seasonal rainfall would
benefit from extension of monthly global mean-sea-level pressure fields back
to 1949.
8.
An overall theme was the importance of scientists' control over the
development of their data. Data management and research must be closely
integrated at both national and international levels.

>

Figure 1. Timetable for the programme of research at the Hadley Centre.
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THE ROLE OF PROXY DATA IN SUPPORTING CLIMATE CHANGE
Alan V. Morgan
Scientific Coordinator, Global Change Program
Terrain Sciences Division, Geological Survey of Canada
601 Booth Street, Ottawa, Ontario, CANADA
K1A 0E8
INTRODUCTION
Proxy data, the role of non-instrumented methods of the
detection of past climate change, is researched by a wide variety
of scientists from many different disciplines. On the international
scene the IGBP program of ICSU has a Committee responsible for past
global changes (PAGES). The IGCP similarly has a number of
initiatives underway to understand specific geological events (the
termination of the Pleistocene, for example) and these, in part,
are building on other expertise and programmes (eg. CLIMAP,
COHMAP). Proxy data can be gathered in many ways; "fossil" features
and process related activities buried in the sediment or geologic
record; biological remains which preserve, or have preserved within
them, records of past changes; chemical or mineral deposits which
retain isotopic signals; and human activities of the noninstrumented kind.
Most of these activities are studied by students of the
Quaternary, the most recent period of geologic time which
encompasses the last two million years. PAGES has identified two
main streams of study: Stream 1 (the last 1,000 to 2,000 years,
hopefully to be examined at annual to decadal resolution), and
Stream 2, the study of geological time before this, with special
emphasis on the last interglacial/glacial cycle, and events of
short, but intense duration (the Younger Dryas, for example).
Quaternary geologists and other researchers cover broad, and
diverse fields, in fact all discipline areas; they are bound by the
common theme of a time frame. We are currently living in the
Quaternary and all activities seen today will be left in the legacy
of the Quaternary record. Field of study range from Anthropology to
Zoology and many of the researchers belong to various Quaternary
Association "the QUA's" ie. CANQUA, AMQUA, DEUQUA (Canadian,
American, Deutsche Quaternary Associates. These in turn organize
under INQUA (the International Union for Quaternary Research) which
reports to ICSU. Members of "the QUA's" are also represented (in
North America) on Committees of the Research Councils ie. CNC INQUA (to the National Research Council of Canada), and USNC-INQUA
(to the National Science Foundation of the U.S.A.).
Proxy data in Canada is handled through the Royal Society
initiative on Global Change (the Proxy Data Environmental Resource
Group), and includes representatives from universities and the
Federal Government.
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What types of data can be recognized in the proxy record?
The simple answer is all types of parameters. Many of these
are well known, others are relatively obscure and esoteric; some
represent well-tried techniques with an already proven track
record. Others are still in the testing stage, and still more are
in some form of developmental stage. Different types of analyses
produce results of different scales, some of which stand alone,
whilst others are complementary and can contribute to the
understanding of a much broader picture.
Looking at the needs of the Experts Meeting of WMO, events of
the annual to decadal scale (Stream 1) are of paramount importance.
Events which fit into Stream 2, (the Younger Dryas for example),
are obviously of importance: - an event which dropped all of
western Europe north of the Pyrenees, south of central Scandinavia
and at least as far east as Poland, into an episode of major
glacier advance and periglaciation at is of considerable
significance. The importance here depends upon making the linkages
between hydrosphere (ocean turnover) atmosphere (transport and
climate), geosphere (physical response - glacial advance,
increased/decreased
run-off, periglacial
activity,
aeolian
activity, etc.) and biosphere (ecological responses of animal and
plant communities).
Problems and prospects
As a general rule of thumb the following holds true.
a)

the further back in time, the more difficult (and inaccurate)
the dating of events.
14C is the standard for Holocene and late Wisconsonian
time. The laboratory (statistical error) for Holocene
(>10 ka) dates is +50 to ±100 radiocarbon years.
14C is input has not been constant through time (see
various "effects" and "plateaus")
14C is limited to the last 45,000 years but contamination
becomes increasingly severe. (An "infinite" sample with
a 1% modern contamination has an apparent finite age in
the mid 30,000/radiocarbon year range).
Any material which is being analyzed in conjunction with 14C
is subject to these errors. Bulk sampling problems can be
simplified by AMS dating, but there is a "slush factor" of 100
years for most of Holocene time.
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b)

Other dating techniques can be used (thermoluminescence, U/Th,
K/Ar, electron spin, etc.). These meet with different degrees
of success and may be used only in certain areas, or be
applicable to certain time ranges. Again, the time resolution
is poor (hundreds to thousands of years).

c)

Many biological organisms can be used to resolve certain
parameters (summer temperature, annual temperature, water pH,
etc.) but they are often limited to certain aspects or by lack
of knowledge of the controlling parameters. Certainly the
degree of precision +0.5 C (or less) used in the instrumental
record is beyond the resolution range of many proxy data.

In spite of the drawbacks cited above, proxy data CAN provide
much useful information to climate baseline data sets. In special
areas and because of special reasons (annual deposition, annual
growth) some records can be of high precision, providing that the
contained record can be correctly determined. Some examples are
cited below.
a)

Ice core and snow pack records: high altitude and high
latitude areas throughout the world are areas of precipitation
which accumulates in the form of near permanent snow and ice.
Contained in these records are annual layers of snow (ice)
which contain aerosols from different sources, and a record of
atmospheric gases. These can be analysed and plotted to
produce the type of record seen in the now famous Vostok Core.

b)

Annual rhythmites in the sedimentary record. Stagnant bodies
of water (fresh or sea) are often bottom-anoxic and frequently
contain an annual record of sediment deposition and biological
accumulation. Anoxic bottom waters (a) do not contain
scavengers which eat the biological "rain" from above and (b)
prevent bioturbation by bottom-burrowing organisms. Such
records may be retained in lacustrine sequences (merimictic
lakes) ie. Swiss lakes, Crawford Lake (Ontario) and others, or
in marine regions (stagnant bottom-water fjords). Biological
remains contained in such sediments (pollen, chironomids,
diatoms, etc.) can also be analyzed on an annual basis. Remote
events (volcanic ash, dust storms, chemical "spikes" can be
fixed to within a year or so of input).

c)

Tree rings: most temperate trees and some tropical trees
produce seasonal (annual) rings which vary in thickness and
other parameters according to differing climate effects. These
records may be primary
(temperature/precipitation); or
secondary (due to fires, volcanic eruptions), etc. Either way,
long annual or near-annual records have been constructed from
tree rings for Europe (largely through oak trees) and North
America (Sequoia and Bristlecone pine). Living trees in Europe
have records of up to hundreds of years (ça. 500+ years) and

Appendix 3 P.12

thousands of years (2,000+ re. Sequoia and 4,000+ Bristlecone)
in North America. Using sub-fossil trees (Irish bog oaks,
etc., German oaks, and the North American trees cited above)
the records of these two continents (specific regions) can be
extended back to over 10,000 years (Europe) and close to 9,000
(North America).
Besides the time series analyses which can be conducted for
specific regions, the proxy data record can contribute important
information in many other areas. Some of these involve physical
processes, or the examination and correlation of biological
indicators over longer time frames. A few are cited below.
a)

Permafrost records

Permafrost underlies 60% of the land area of Canada and about
80% of Alaska as well as substantial regions of the USSR.
Permafrost varies from continuous through discontinuous (southern
limit of the latter approximates the -1°C Mean Annual isotherm) to
sporadic (largely south of this limit in peat areas). Permafrost is
also present at high altitudes (montane areas). Permafrost varies
in thickness from hundreds of metres (600m+) in the Mackenzie Delta
region to a few metres at the southern margin. Summer melt creates
a thaw zone which also varies from 20 cm in the north to 3m+ at the
southern edge in the "muskeg" areas of the boreal zone.
During the late I960's and 1970's thousands of boreholes were
drilled along the Mackenzie Valley to test substrate and ice
conditions for pipeline construction. Many of these holes were
monitored (and instrumented) for downhole temperature records, and
today can be re-examined for raw data. Interestingly, a substantial
number indicate a warming trend which can be seen by departures in
the depth/temperature profiles (i.e. they are not in equilibrium
with surface temperatures).
b)

Glacier Mass Balance Studies

Glacier mass balance studies have been or are being conducted
in many parts of Canada, North America and elsewhere in the world.
In Europe these can be matched with long term historic records,
many of which can be supplemented in the last 100+ years by
photographs of selected glaciers. In Canada EMR has been keeping a
record (30 years) of ice balance for Meighen Island (low altitude
West Central Arctic Islands) as well as for the Banks, Devon and
Agassiz ice caps (southwest low Arctic, central east Arctic, high
Arctic/Ellesmere). This represents one of the most comprehensive
glacier inventories in the 'high' latitude Northern Hemisphere.
c)

Records from caves
Stalactites and stalagmites are cumulative deposits of CaC03
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which can be dated and which often hold a very long record
(thousands
to
hundreds
of
thousands
of
years).
Average
paleotemperatures can be desired from these proxy records.
d)

Biological parameters

Sediment accumulations in bogs or lakes are typically in the
range of 6-10 ka (6-10 cm/100 years). Many biological indicators
are trapped in these sediments and records are present of events
such as droughts, forest fires, local (and more distant) plant and
animal ecologies and distributions, water chemistry, etc. Such data
sets do not provide annual resolution but century records are
practical and decadal records might be possible. The approach
should always be multidisciplinary, but sometimes this is not
practical (problems of logistics, methodology, personalities, etc.)
Such data can reveal gross ecotonal movements as well as climatic
records. To discuss each parameters is impractical, but a listing
of some common elements might include:
Palynology (plant distributions - distant/local)
Plant macrofossils (local plants) - seeds, leaves, mosses
(local water levels). —
isotope record from cellulose
possible
Plant pigments (productivity)
Insects: beetles (local ecology and temperatures - summer
(and annual?) means — isotope record from chitin
possible
chironomids (midges) - water quality (depth?)
caddis flies (water quality and speed)
Diatoms: water quality (pH sensitive)
Molluscs
(snails/clams)
local
ecology,
water
quality/depth/speed — isotope record from CaC03 possible
Ostracods (water fleas) as above — isotope record possible
Sediment lithology and geochemistry are additional parameters.
In other circumstances (in river/stream gravels) vertebrate remains
are
frequently
found
and
these
can
help
in
ecological
reconstructions. Fossil whale remains (washed ashore thousands of
years ago) have been found on raised beaches in the Arctic Islands.
The beaches can be dated by radiocarbon techniques and the whales
can be identified to species. Such information can be used
indirectly to provide insight into ice free (or low sea ice)
frequencies in the Arctic Archipelago.
e)

Marine Records

Most of what has been stated above refers exclusively to
terrestrial surface or subsurface processes. However, a substantial
surface area of the planet is covered by oceans. Ocean sediments
contain a record of events (input of sediments from the continents,
(river and coastal derivation), wind-blown silts, volcanic ashes
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and iceberg (glacier-derived) meltout. In addition the bottom
sediments receive a continuous biologic rain from near surface
organisms (both animals and plants) and these can be extremely
useful in detecting climate signals. This is particularly true
where the bottom sediments are relatively thick (rapid deposition
rates), where ocean bottom biology is limited (little or no
bioturbation) at, or near, former écologie boundaries (cold vs.
warm water forms) and where the biological analyses can be
complimented by isotopic work. Emiliani, Imbrie, Shackleton,
Ruddiman, Mclntyre and others have amply demonstrated the
significance of this work with records which cover much of
Quaternary, and even pre-Quaternary, time. Records of glaciations,
interglaciations and interstadials are well preserved in many areas
of the world's oceans, particularly in mid to high latitude
positions. An abundance of climatic data can be derived from the
proxy data records of the oceans by using planktonic foraminifera.
Events such as paleo ENSO and paleomonsoon records, changes in
ocean current patterns, polar front positions, biological
productivity, limits of pack ice, distribution of volcanic ash
horizons and sources should all be contained in the ocean records.
This promises to be a continuing area of research significance
which will be largely limited only by funding and researchers.
CONCLUSIONS
What has been said above refers to only some elements of the
proxy data record. I have not gone into the question of sea level
changes, thermokarst (permafrost meltout phenomena) or flood
events, nor have I mentioned other topics of importance
(precipitation-triggered landslides), etc. Many of these have ongoing research efforts by GSC. it is of paramount importance that
Earth Scientists be kept informed of projected research by WMO.
Data sets (constructed or in progress) using proxy data (eg.
paleoecological database; time slicemaps of ice retreat and
paleoecological shifts; atlas of process impacts triggered by
global change) will be of use in model testing. Indeed these may be
the only way in which the random (but relatively organised) "noise"
of the climate models can be tested against real world data.
Scientists for different disciplines must talk together so that we
can provide a unified front in the resolution of the challenges of
global change.
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SOME ACRONYMS AMD EXPLANATIONS OF TERMINOLOGY
AMS
CLIMAP
CNC-INQUA
COHMAP
EMR
GSC
Holocene
ICSU
IGBP
IGCP
NIH
PAGES
Sanagamon

USNC
Wisconsinan

Interglacial
Interstadial
ka
yr. B.P.

Accelerator
Mass
Spectrometer
(method
of
radiocarbon dating of small samples)
Climate Mapping Project (largely marine based)
Canadian National Committee of INQUA (to National
Research Council of Canada)
Cooperative Holocene Mapping Project (pollen-based)
Energy, Mines and Resources, Canada
Geological Survey of Canada
Present Interglacial (post-10,000 yr. B.P.)
International Council of Scientific Unions
International Geosphere-Biosphere Program
International Geological Correlation Program
National Institute Hydrology, Saskatoon
Past Climate Changes (formerly and informally known
as PAGLOCHA)
Term used for the last interglacial in North
America - commenced ca. 130,000 - 125,000 yr B.P.
(before present). Also known as the Eemian in
Europe and the Ipswichian in Britain. Typically
regarded s Marine isotope stage 5e (ca. 127 - 100K
yr. B.P.). May involve all of stage 5 (to 75K yr.
B.P.).
U.S. National Committee for INQUA (to National
Science Foundation - U.S.A.)
Last cold period in North America; also known as
the Wurm in Europe (Weichsel in the Alpine region)
and Devensian in Britain. Typically regarded as
commencing in Marine Isotope stage 4 (ca. 75K yr.
B.P. to ca. 10,000 yr. B.P.)
(temperatures as warm as present in a specific
location)
(temperatures cooler than present in a specific
location)
thousands of years
years Before Present
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CLIMATE CHANGE DETECTION PROJECT
CURRENT ACTIVITIES - AUSTRALIA
W.R. Kininmonth
National Climate Centre
GPO Box 1289K
Melbourne 3101
Australia
Australia is actively supporting a number of projects
associated with the detection of climate change in the region. Most
of these projects are being carried out to meet national objectives
but some are related to South Pacific objectives and others are in
support of World Meteorological Centre, Melbourne responsibilities.
There is evidence of a long warming trend in the temperature
records of locations across southern Australia, certainly over the
period since the early 1940s. However, there is some contradictory
evidence in relation to the period prior to the 1940s as data is
sparse; there is a suggestion that significant cooling took place
over the decade from the 1930s to the 1940s across southern
Australia.
Rainfall patterns over Australia have also shown some
variability this century. The trend of the past 30 years has been
for increasing summer rainfall in the tropics, decreasing winter
rainfall in the southwest, and decreasing rainfall along the
eastern seaboard. While the trend in the southwest appears to have
been sustained since the turn of the century, such sustained trends
are not typical. For example, in the northwest of the continent
annual rainfall declined over a long period from the turn of the
century and is only now returning to former levels.
Over eastern Australia the strong year-to-year variability
resulting from the influence of the El Nino - Southern Oscillation
makes the identification of statistically significant trends very
difficult. The influence of the Southern Oscillation on rainfall
over the area is well documented. However, seasons of increased or
reduced cloudiness over eastern Australia associated with the
variations of the Southern Oscillation are also associated with
temperature anomalies. Maximum temperatures are raised during
drought (more solar radiation, limited evaporative cooling) while
minimum temperatures are raised during wet periods (clouds reducing
radiative loss). More work is necessary to isolate the influence of
the Southern Oscillation on long term climate records.
The major projects being carried out in support of climate
change detection are now described.
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1.

Baseline Data Sets

A preliminary assessment has been made of the current status
of the synoptic network taking into account siting and various
quality parameters. The assessment is in computer format to be
compatible with the global data set requirements as specified at
Asheville in January 1990. However, this is only the first step in
the documentation of the historical records and the identification
of potential inhomogeneities. It is a major task to document site
changes, instrument changes and, more difficult, drifts in the
environment of the observing site resulting from human activities.
2.

Reference Climate Stations

The basis for extending knowledge of the climate record is a
set of observing sites with data that documents past trends.
Although the continuity of sites into the future cannot be
guaranteed the probability will be enhanced through special care
and attention.
Australia's
observing
network
cannot
support
WMO
specifications that require Reference Climate Stations with a
history of 30 years homogeneous observations and a density of one
station for 250,000 km2. Large uninhabited areas of the continental
interior make the specification particularly difficult.
Approximately 260 stations are currently under investigation
for maximum and minimum temperature. None of these stations have
obvious inhomogeneities as a result of documented site shifts or
instrument change.
3.

Reference Rainfall Stations

A thorough examination of station history files has resulted
in the selection of over 200 stations Australia wide with long
homogeneous rainfall records. These are not necessarily the same
locations as the Reference Climate Stations because of the
selection criteria that emphasized length of record and
geographical homogeneity, and the larger pool of stations (7,000
vs. 700) from which to draw.
4.

Regional Analysis

WMC, Melbourne has maintained a program of objective analysis
of the circulation of the southern hemisphere since 1972. Recently
the analysis area has been expanded to cover the globe to support
new NWP models. However, the focus of the analysis continues to be
the southern hemisphere.
The WMC, Melbourne analyses are the basis for ongoing
systematic climate monitoring and provide the basis for estimating
the spatial extent of shorter time scale anomalies and seasonal
climate variability.
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5.

Atmospheric Chemistry

The Cape Grim Baseline Air Pollution Monitoring Station has
been operating since the early 1970s, the observing program
includes a comprehensive list of trace gases.
RESEARCH
Research will continue using the selected Reference Climate
Stations and rainfall stations. Of particular importance will be
the statistical analysis of the individual records to identify
isolated instances of bias or trend shift. Methodologies already
developed by the US NCDC and the Canadian Climate Centre will be
important for these purposes.
The Australia/New Zealand/United Kingdom (ANZUK) regional
agreement on cooperation on climate change research, in
association with the US NCDC, is providing the initiative for the
development of the regional climate database for the South Pacific.
The foundation for the work was laid during a meeting in Melbourne
during May 1990. A future network is being developed by the efforts
of Australia and New Zealand in developing national Reference
Climate Networks, the efforts of the nations of the South Pacific,
and the assistance being provided to those countries by Australia
and New Zealand. The South Pacific Regional Environment Program
(SPREP) is emerging as an important framework for cooperation in
the region.
FUTURE DIRECTIONS
At the national level it is important to finalise the
approximately 100 station Reference Climate Network. These stations
will be maintained to ensure that there is a basis for identifying
real changes of trend in the future. The ongoing statistical
analysis of the records of target stations, including near
neighbour checks, will be very important for this purpose.
An upgraded inspection and maintenance program for target
stations, and long periods of parallel observations when site
changes are unavoidable, will add to the integrity of the future
climate record. Regional cooperation under ANZUK and the SPREP will
also underpin future work to provide confidence in the climate
record.

Appendix 3 P.19

PERSPECTIVE OF CLIMATIC CHANGE IN INDIA

By
V. Thapliyal
India Meteorological Department
Pune - 411 005
India
1.

INTRODUCTION

Long term changes in the atmosphere can alter global and regional
climates, and can produce disastrous effects on living beings. In recent
years, adverse climatic events have frequently disrupted human societies and
have demonstrated the sensitivity of human welfare and international relations
to climatic events. The year 1972 saw the worldwide epidemic of costly
climatic episodes, including drought in India and the Soviet Union. During
the past two decades drought conditions have occurred over India in 1972,
1974, 1979, 1982, 1986 and 1987. The occurrence of pronounced El-Nino in
1982, 1983 and 1987 is another climate related event during which cold
nutrient-rich upwelling water off the coast of Peru, Ecuador and Colombia was
replaced by warm water from the Equatorial Pacific with disastrous
consequences on fisheries, and excessive and destructive rainfall along those
coasts.
The climate has varied over the past millenia, centuries, and is
likely to change in the future also. All countries are vulnerable to long
term climatic changes as the regional and global climates are interdependent.
For this reason, and in view of the ever increasing demand for resources by
the fast growing world population that strives for improved living conditions,
there is an urgent need for the development of a common global strategy for a
greater understanding and a rational use of the climate. In this article, an
attempt has been made to summarise the evidence, if any, for the changing
climate of India. The problem has been discussed, in detail, with particular
reference to the analysis, made by using Indian rainfall, temperature and
pressure data for the past 100 years and also the proxy climate data for about
4 million years from the present. Realizing the potential of climate, the
Indian scientists have given considerable importance to climate studies,
particularly Indian Ozone data along with the effects of man-made causes like
increase in urbanisation, pollutants, etc have also been discussed.
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2.

CLIMATIC CHANGE IN INDIA DURING ANCIENT TIMES:

Among various climatic parameters, rainfall is of greatest concern to
the population, particularly the farmers of the tropics, where one hundred and
eighteen nations and territories including India lie fully or partially
(Landsberg, 1986). A fairly good history of Global climate has been
constructed for geological times from indirect evidences. However, the
synoptic view of climatic changes during geological times for different
continents including India is not known in detail. Although the climate has
been changing from geological epoch as is clear from temperature changes
during geological periods, the long term changes in rainfall are available
only for a few thousand years. Evidences, derived from various sources, like
radio-carbon dating, dendochronology, tree rings, oxygen isotope ratio of
oceanic sediment cores, insect studies, and adaptability to different climates
by living beings are used to construct patterns of past rainfall. The
evidence suggests that the early holocene (10,000 years before present) was
accompanied in many parts of the world by some increase in precipitation,
especially in the subtropical deserts of the Northern Hemisphere (e.g. Flohn,
1979 and Gerasimov, 1979). From constructs of many workers (e.g. Singh, 1971,
Flohn, 1979), it is clear that much of the sub-tropical dry belt, from west
Africa to Rajasthan was wetter between 12,000 and 4,000 years ago than today,
with some less humid phases. According to Singh (1971), arid and semi-arid
regions over Rajasthan and neighbourhood had humid climate between 8,000 and
4.000 years ago. Rajasthan and Indus valley precipitation was at times more
than its present value. The rise of North Africa, Middle Eastern and Indus
Valley (Harappan) cultures were favoured by the climate. In the past 1,000
years when climate has been fairly stable, the noteworthy variations were (i)
an early medieval warm phase (800-1200 A.D.) and (ii) the little Ice Age
between 1550 and 1850 A.D. a sharply cooler period by about 1;5°C (Sarker and
Thapliyal, 1983).
3.

CLIMATIC CHANGE IN INDIA DURING THE PERIOD OF INSTRUMENTAL RECORDS

In India, reliable climatic data based on instrumental observations
are available only for the past hundred years (Chaudhury and Ganeshan, 1981
and Sarker and Thapliyal, 1988). The problem of trend and periodicity in
Indian climate has always attracted and continues to attract attention of the
public and scientists. In India and abroad, several studies have been carried
out to establish climatic change over India. A detailed review has been
prepared by Sarker and Thapliyal (1988).
3.1

Short and Long Term Changes in Indian Rainfall:

Blanford (1986) was the first meteorologist who made extensive studies
of Indian rainfall. The analysis of 19 years (1867-1885) annual rainfall data
for India as a whole did not reveal any significant oscillation or systematic
trend in the rainfall. In addition, the analysis also revealed that year to
year fluctuations in rainfall were random in nature. During the period, he
noticed that the average annual rainfall over India was about 107 cm and
varied from the highest value of 124 cm in 1878 to the lowest 90 cm in 1868.
The second study on rainfall variation was conducted by Walker (1910), who
examined the summer monsoon rainfall over India from 1841 to 1908 and
concluded that there was no perceptible climatic change. On detailed analysis
he found a tendency for monsoon rainfall over northwest India to increase to a
maximum between 1891 and 1894 and to decrease to a minimum up to 1899.
Thereafter, the rainfall started showing increasing tendency in
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subsequent years. For India as a whole, the rainfall was below normal during
1843-64 and 1895-1907 the worst drought years being 1848, 1855, 1877 and
1899. Walker (1910, 1914, 1922) further indicated that the abnormal changes
in atmosphere seem to be responsible for deficiency of monsoon rainfall over
India. Rao (1936) studied 40 years (1893-1932) annual rainfall data over
different districts of Mysore State of India. He found some trend in two
districts only. In a systematic study Pramanik and Jagannathan (1953)
analysed 60 to 100 years rainfall data over 30 Indian stations and concluded
that there was no short period cycle in annual rainfall and also in the
distribution of rainfall particularly in arid and semi-arid regions of
Northwest India. In case of semi-arid region of Deccan, they found a tendency
for deficient rainfall to be more frequent. In addition, no significant
increase or decrease in decadal averages of the annual rainfall was noted by
them. Rao and Jagannathan (1963) studied 81 years (1875-1955) rainfall data
over 25 sub-divisions of India. The study did not reveal any major climate
changes in the rainfall series except for oscillatory/increasing trend only in
a few sub-divisions of India. Recently, the detailed analysis of rainfall
data by several investigators like Koteswaram and Alvi (1969, 1970) for
different stations of India, Parthasarathy and Dhar (1974) for 31
meteorological sub-divisions of India; Raghavendra (1973, 1974, 1976, 1980)
for Northwest India and States of Maharashtra, Andhra Pradesh and Kerala, Rao
(1958) for the State of Rajasthan; Chowdhury and Abhyankar (1979) for Gujarat;
Parthasarathy and Mooley (1981) for State of Karnataka and Dhar et al. (1982)
for State of Tamil Nadu etc. have found significant evidence for the presence
of different cycles ranging from high frequency to very low frequency in the
rainfall series of different regions/sub-divisions of India. However, they
have generally not found any long term trend in the rainfall data of different
regions of India.
For studying the inter-annual and long term variability of rainfall,
Parthasarathy (1984) has analysed the monsoon rainfall series of 29
meteorological sub-divisions based on selected raingauge stations for 108-year
period (1871-1978) and has found significant Quasi-Biennial Oscillation in 19
contiguous sub-divisions and a 14 year cycle in 8 sub-divisions. Detailed
examination of the series for India as a whole (Mooley and Parthasarathy,
1984) indicated the presence of three major climatic rainfall periods, two
deficient rainfall periods 1871-1920 and 1965 to 1974, and one good rainfall
period 1921 to 1964. The highest (115% of normal) and lowest (71% of normal)
rainfall are respectively recorded in 1961 and 1877. The average monsoon
rainfall is 85.31 cm with coefficient of variance of 9.5. The study of 100
year (1875-1974) monsoon rainfall data over India (Banerjee and Raman 1976)
has revealed that (i) there is no persistence, cyclicity, trend or definite
pattern in unfavourable monsoon occurrences, (ii) the inter annual variability
is highest over Northwest India and (iii) the interval between successive bad
years varies widely between 0 and 15 years while between good years it does
not exceed four years.
Recently, Rajagopalachari et al. (1984) studied the monsoon rainfall
over India as a whole and separately over 31 meteorological sub-divisions of
the country. The study has revealed the existence of 2.0 to 3.5 year cycle in
the rainfall series of India as a whole which is significant at 95% level.
However, this cycle of 2.0 to 3.5 year period has been found in 14
sub-divisions only. In addition, the rainfall data of 4 meteorological
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sub-divisions has revealed the existence of 6.0 to 6.5 year cycle at 95
percent confidence level. Similarly the detailed analysis of record of
monsoon rainfall over India (Parthasarathy and Mooley, 1978; Mooley and
Parthasarathy, 1984) shows no striking changes over more than a century and
fails to indicate either a trend or a tendency towards prolonged drought
episodes. Recently, Sarker and Thapliyal (1988) have studied long term
changes in rainfall (annual and monsoon) of India and northern hemisphere
temperature (Fig.l). No significant trend has been reported. Although the 30
year moving averages of annual and monsoon rainfall over India show short term
variations, they do not show any long term trend.
Detailed analysis of long period rainfall data over different
sub-divisions of India and also over India as a whole do not indicate any long
term climatic change, but only indicate year to year random fluctuations
during the most recent 100 years. Some significant cycles whose period ranges
from quasi-biennial to 15 years have been generally noted in some regions. It
may, however, be mentioned that these cycles barely explain less than 10 per
cent of the variance and cannot be used for prediction.
3.2

Short and Long Term Changes in Indian Surface Temperature:

For determining the trend, the annual maximum and minimum temperatures
of 20 meteorological observatories situated in India and neighbourhood have
been studied by Parmanik and Jagannathan (1954). The detailed analysis has
revealed that there is no of systematic increase or decrease of temperature
over these stations. They concluded that small irregular oscillations which
may be considered as random noise are associated with year to year variation
of temperature. Jagannathan (1963) has analysed the trends in the
characteristics of seasonal variation of temperature in the arid and semi-arid
regions of the globe which included 8 Indian stations with about 55 to 100
years data. He has not observed systematic increase or decrease in the mean
annual temperature of the Indian stations. Jagannathan and Parthasarathy
(1972) have analysed the series of the mean annual temperature and
characteristic parameters representing seasonal variation of temperature over
another set of 8 Indian stations using about 90 years data. They, however,
reported increasing trend in the mean annual temperature at 4 stations
(Calcutta, Bangalore, Bombay and Allahabad) and decreasing trend at one west
coast station (Fort Cochin). Recently, Hingane et al. (1985) have made an
attempt to study the trends in long series of temperature data of different
regions of India as a whole. They have used temperature data of 73 fairly
widespread stations, for the period 1901-1982 and have concluded that a slight
but definite warming trend in the mean annual Indian temperature has been
noted from 1901-1982. About 0.4°C warming has taken place during the most
recent 8 decades. This trend changes from one season to the other; in post
monsoon and winter seasons, it is 0.7°C whereas it is 0.4°C during pre-monsoon
and slight negative - 0.3°C during monsoon season. Different regions of the
country namely west coast, interior Peninsula, north Central India and
northeast India, have shown pronounced warming in the mean annual
temperature. Figure 2 shows a time series of anomalies in the annual
temperature of India.
In annual temperature significant trend at 95 percent level has been
found over nearly half of the 73 stations. About 41 per cent stations show
warming trend, while 8 per cent stations show cooling trend. Significant
cooling trends are noted over northwestern region of the country, whereas
warming trends are noted in the central land eastern parts of the country.
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One interesting feature may be noted that Indian mean annual
temperature does not show the post 1940 cooling which has been observed for
the Northern Hemisphere. On the contrary, the Indian termperatures have shown
steadily increasing trends over the past 8 decades (Sarker and Thapliyal,
1988). It is difficult to interpret the above results in terms of cause and
effect. It may, however, be noted that during the past one hundred years,
considerable increase in the consumption of fossils fuel, deforestation land
use pattern have taken place in the country.
3.3

Short and Long Term Changes in Indian Surface Pressure:

Very little work on long term pressure changes over India has been
reported in the literature. The mean sea level annual pressure over 25
observatories of India has been studied by Pramanik and Jagannathan (1955).
On analysing 80 years data they have not found any systematic increasing or
decreasing trend in the pressure data of these stations. They noted that year
to year variation is rather random except for some cyclic tendency at a few
stations. For nearly one century the variation of the annual pressure over
two Indian stations Madras and Indors have been studied by Sarker and
Thapliyal (1988). The long period pressure data do not suggest any long term
climatic change.
It can be concluded that in the past hundred years, the climatic
fluctuations over India are generally random and do not show any consistent
periodicity particularly in rainfall, temperature and pressure. In the past
eight decades the pressure and rainfall have not shown any systematic trend,
however, the temperature has shown slight warming over India.
4.

HUMAN ACTIVITIES AND LONG TERM EFFECTS ON CLIMATE

Recent studies (Hare, 1985; Gates, 1979; Sarker and Thapliyal, 1988)
have shown that variability is a natural property of climate. Although in
ancient times, climatic change was believed to be induced solely by natural
processes, in recent decades man made causes, like increase in gases release
(particularly Carbon-dioxide), deforestation, urbanization, and aerosol in the
atmosphere are also contributing to the modification of the climate. Evidence
is gathering that local and regional climates can be modified by human
activities which are likely to alter incoming solar radiation, the atmospheric
composition (e.g. Carbon-dioxide, dust, ozone, water vapour etc.), cloudiness,
the albedo of earth's surface etc. Due to rapidly increasing amount of carbon
dioxide the overall global warming of the order of 2 to 3°C has been projected
by many investigators (Manabe and Wetherold, 1975; etc) by the middle of next
century. In the following paragraphs, the effects of human activities on the
long term changes of ozone, acidic character of rain water, air pollution over
Indian, have been summarised below.
4.1

Ozone and Long Term Effect on Climate:

The threat to the atmospheric ozone layer from chemicals released
indiscriminately by man into the atmosphere has to be taken very seriously.
The discovery of the Antarctic ozone hole from satellites - and subsequent
detection of the presence of ozone destroying CFCs in the Antarctic atmosphere
have reinforced the belief that the delicate balance of the atmospheric ozone
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is in real danger of being progressively upset. Theories that the ozone
depletion that has been noticed over the past few years has been caused by
variations in the sunspot cycle and/or variations in atmospheric dynamics,
have not been substantiated by experimental evidence. The world community
particularly the industrialised nations - has now woken up, to this threat to
the ozone layer by voluntarily imposing cuts and in some cases even banning
the production of certain CFCs. The developing nations are also being urged
to follow suit in due course.
In 1928, the first Dobson Spectrometer measurements were carried out
at Kodaikanal. Ramanathan (1963) has studied the total ozone amounts observed
at Mount Abu/Ahmedabad (25°-22°N) and Kodaikanal (10°N) and have shown a
biannual variation in ozone amount during the period 1954 to 1962. As far as
the author knows, the significant long term changes in ozone amounts over
Indian stations have not been reported.
It is important to note that before the ozone structure is
significantly altered, corrective measures will have to be taken for keeping
the ozone amount well within the limits. After ozone changes become
significant, it would be difficult to save living beings from eminent
disastrous effects.
4.2

Air Pollution and Long Term Effects on Climate:

In India, like many other countries, industrialisation and
urbanization are increasing air pollution. This has led many investigators
(Mukherjee, 1964 and Krishna Nand, 1984) to study the danger of acid rain over
different urban and rural stations of India. Acidity in a solution is
synonimous with the presence of Hydrogen ion (H+) and a common measure of
acidity is pH. Due to impurities in rainwater, the precipitation at a pH
below 5.6 (the equilibrium value for a pure distilled water) is considered as
acidic. Analysis of pH data from 10 Background Air Pollution Monitoring
network (BAPMoN) stations reveals that lowering of pH to acidic values is
restricted close to highly industrlialised cities such as Bombay. However,
background trends of pH of precipitation at most of the Indian stations are
decreasing fast towards acidification (Verma, 1988). During the past 10 years
(1975 to 1984) the temporal trends of pH at Indian BAPMoN stations show a
lowering trend over most of these stations. However, the temporal trends
indicate that (Krishna Nand, 1984 and Verma, 1988) the pH at Visakhapatnam (a
coastal station) is decreasing fast towards acidification as a result of rapid
increase in the concentration of sulphate ions over the ambient atmosphere due
to anthropogenic emissions. At present, the studies have assessed that the
probability of occurrence of acid rain in India is about 2 per cent (Verma,
1988).
Urbanisation also produces environmental problems such as air
pollution, thermal stress on human body associated with urban heat, islands
etc. The surface energy over urban Indian areas is influenced by atmospheric
pollutants as well as by surface radiative and thermal properties. The
spacial distribution of insolation in Delhi shows pollutants reducing values
over the city (Padmanabhamurthy and Mandai, 1982). Extensive heat island
studies using surface observations have been carried out in various Indian
cities (Padmanabhamurthy, 1986). The timing of daily peak heat islands
differs among some cities of India. For example the peak of heat island
occurs at 2200 1ST at Pune and 2000 1ST at Delhi. It is known that such local
changes produce
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effects on winds and other meteorological parameters of the place. It can
therefore be concluded that some modification of climate of big Indian
industrialised cities is being slowly affected. When these isolated changes
become considerably large they can modify local and regional climates. It is
therefore necessary that adequate protective measures should be divised and
effected at an early date.
5.

CONCLUDING REMARKS:

During the past hundred one years, the climatic fluctuations in India
have been generally random. While pressure and rainfall show no trend, the
temperature shows slight warming trend during recent decades over India.
Thus, the analysis of data of instrumental origin do not show any significant
long term change. However, the climate has changed in past geological times
and there is every likelihood that is would change in future also. If we
assume at the moment that the present climate with its natural fluctuations
will continue it would still be necessary to prepare for the type of stress,
recently faced by the country. In the 1980s three major droughts have
occurred over India. This shows that even if the present fluctuation of
climate continues, the contingency plan to mitigate the effects of such events
need to be further strengthened. Thus, the experience of the last few years,
which has brought unusual year-to-year fluctuations of climate in many parts
of the world including India, seems to be sufficient to convince most people
and their governments that even a temporary fluctuation of climate has a
profound impact on agricultural production and on use of energy and water
resources.
Presently no deterministic models are available for predicting
climatic change. Since the climate has changed in the geological times and
there is no guarantee that it will not change in future the world community
would be wise if it starts preparing itself for facing the long term climatic
changes which may occur in the near future. In the past, external mechanisms
like changes in the earth's orbital parameters, continental drift etc were at
work to change the climate. In the present times, however, the natural
mechanisms of climatic change have been joined by the man-made changes and the
possibility of climatic change in some near future is increasing
continuously. Evidence is gathering that local and regional climates can be
modified by human activities. Besides the threat of acid rain and other air
pollution problems, the greenhouse effect of projected doubling of CO2 in
21st century, is likely to raise the global surface mean temperature by 3°C
(Manabe and Wetherald, 1975). Climate models suggest that large regional
climate variations will accompany global warming. A major regional change in
double CO2 experiment with three dimensional General Circulation models, was
the creation of hot, dry conditions in much of western two thirds of the
United States and Canada and in a large part of Central Asia (Manabe and
Stouffer 1979). However, there are some beneficial effects of CO2 warming
also. The warming will include the increased length of the growing season and
less consumption of heat energy in higher latitudes.
Thus, the changes of climate in the coming century caused by natural
and anthopogenic influence appear to be inevitable. It is, therefore,
appropriate on the part of the global community to prepare for such inevitable
dangers and pull all their resources in developing suitable strategies for
mitigating the disastrous effects of the changing climate.
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F E D E R A L R E P U B L I C OF

GERMANY

Contribution to the C C D P
by
Volker Vent - Schmidt
Deutscher Wetterdienst
Abteilung Klimatologie
D-6050 OFFENBACH
Federal Republic of Germany

General Remarks and Milestones
" Global Climatic Change " is the big challenge of the
last decade of the twentieth century.
After the first World Climate Conference the Government of
the Federal Republic of Germany decided to establish a
National Climatic Research Programme / 1 /.
The budgetary heading is under the responsibility of the
Federal Ministry for Research and Technology.
The milestones of the implementation plan were :

1980

National Scientific Conference
Interdisciplinary Meeting in Bad Sooden-Allendorf
18 - 22 February 1980 with recommendations for a
National Climatic Programme

1982

National Climatic Research Programme
conception and implementation with the following
main subprogrammes :
-

1
2
3
4
5

-

large scale measurements
paleoclimatic studies
climatic systems interactions
regional climate
data
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-

1987

2

-

German Climate Computer Center
established at Meteorological Institute of the
Max Planck Society Hamburg to run general
circulation models and coupled ocean - atmosphere
models

1988

German Ozon Research Programme
The main projects to support are
-

1
2
3
4
5

-

ozon monitoring
laboratory research
development of measuring equipment
numerical modelling
biological impact of UV - B radiation

The German Global Change Programme
With respect to the US / Global Change Research Programme
( US/GCRP ) and the Intergovernmental Panel on Climate
Change ( IPCC ) the Federal Ministry for Research and
Technology installed a National Global Change Secretariat
at the Alfred Wegener Institute in Bremerhaven, which is
also running the secretariat for the EUROMAR project within
EUREKA one of the main research projects of the European
Community / 2 /.
The main national research projects which contribute to the
Global Change problem are given in annex 1.

Examples of Special Programmes or Projects
3.1

Global Data Centers
Within the World Climate Research Programme of WMO
Federal Republic of Germany agreed to establish two of
major global data centers with hydrological data which
most important for the description and modelling of
hydrological cycle.

the
the
are
the
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- 3 3.1.1

The

Global Runoff Data Center ( GRDC )

The
GRDC was established at the Federal Institute of
Hydrology in Koblenz on 14 November 1988. The Center has a
collection of records of river flow on a monthly or daily
basis for 1200 rivers in 67 countries.
3.1.2

Global Precipitation Climatology Center

(GPCC)

The GPCC was established at the Deutscher Wetterdienst in
Offenbach in 1988 as a research project.
It is part of the " Global Precipitation Climatology
Project " a major part of the WMO - Programme GEWEX.
The purpose of the GPCC is to evaluate and disseminate
global data sets of monthly precipitation totals on a grid
of 2.5 degree for the period 1986 - 1995 to provide a data
base for investigating climatic changes determination of
the earth water balance and fluxes and especially for
verification and initialization of GCM's and Climate
Models.
For this reason precipitation measurements received via GTS
in CLIMAT- and SYNOP-reports are processed and combined
with derived data from geostationary and orbital satellite
estimates.
August 1987 was chosen as a first reference month. A manual
isohyetal analysis was carried out seperately for all
continents. The isohyets were digitized and transferred on
the grid using a very powerful graphic workstation. On the
other hand an attempt was made to get an objective analysis
by using an interpolation method.
Also you can calculate the anomalies to a given reference
period.
The two figures in annex 2 and 3 show first results for the
chosen reference month / 3 /.

3.2

Global Baseline Data Sets
Besides the above mentioned research projects there is a
great number of data available for climatic research in
climatological and océanographie archives as is mentioned
in the INPOCLIMA - CATALOGUE of WMO / 4 /.
One of the most important archives within Germany is
operating at the Deutscher Wetterdienst Seewetteramt in
Hamburg.
An overview of the whole archive is given in annex 4.
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- 4 Time series of long-term records from light vessels allow
e. g. investigations on the fluctuations or trends of water
temperatur and/or geostrophic wind components / 5 /.
Historical
marine
meteorological
data
from
ship
observations e.g. are stored from the very beginning in
1852. Annex 4.1 gives an idea of the number of reports or
observations available. Gaps refer to the two world wars
and high observation rates exist from special programms
like GARP.
The Seewetteramt publishes a monthly global climate review
for CLIMAT - reports with an analysis of mean temperatures
and anomalies of precipitation heights.
For the future a project is planned to produce global
analyses of different parameters ( e.g. pressure, air
temperature and water temperature ) for the last three
decades 1961 - 1970, 1971 - 1980 and 1981 - 1990 on a
gridded basis.
These results will directly contribute to the aims and
goals of the CCDP - project.
Besides these activities the Deutscher Wetterdienst agreed
during the last WMO meeting for the Regional Association VI
in May 1990 in Sofia / Bulgaria to appoint Mr. Behrendt to
serve as Rapporteur on Climate Related Matters with special
reference to Regional Climate Data Sets. He is responsible
as data collector for the World Weather Records in RA VI.
3.3

Analysis of historical data
One of the most important sources for the detection of
climatic variations or trends are historical records. In
Germany you can find some sites with data from more than
200 years back.
First analyses of temperature measurements ( Figure 3 in
annex 5 ) show a significant warming of about 0.5 K at the
beginning of this century as one would expect as an effect
of the industrial revolution.
On the other hand looking at the 10 or 3 0 year running
means ( Gaussian filter method ) there is no significant
warming in the period 1950 to 1965 and there are earlier
periods in the record where the mean yearly temperatures
are higher than in our days / 5 /.
Thus it is very difficult to derive global anthropogenic
effects from only one station and one needs more stations
and longer records to separate natural and man-made
effects.
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- 5 Especially it is necessary to report on station history for
special sites designated as
Reference Climatological
Stations.
3.4

Global Climate Modelling
The German Climate Computer Center ( GCCC ) in Hamburg is
developing coupled ocean - atmosphere models by combining
global ocean circulation models with model experiments
involving further important climate sub-systems with which
the ocean interacts.
For a better understanding of possible climate change an
attempt is made to combine these climate models with
economic and comprehensive global environment and man
models / 6 /.
Figure 4 in annex 6 illustrates the linkage between the
different types of models and the feedback mechanism
involved.
The Deutscher Wetterdienst is contributing to this aim with
a special research project on " The simulation of regional
climate in Europe with a nested model " . It is planned to
install the European Forecast-Model at the GCCC to simulate
regional effects together with the global models.
Therefore it is necessary to make available not only global
but also regional climatic data sets of the most useful
meteorological parameters.

4
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Annex 1 : National Research Programme for Global Change
(See reference 2)

Programme

Primary
Sponsorship

Aims and Goals

International
Incorporation

Greenhouse Gases

BMFT, DFG

Global Temperatures and
Trace Gases

WCRP, IGBP, EPOCH

Ozon Research

BMFT

Stratospheric Ozonconzentration

WCRP, IGBP, EUROTRAC,
EUROZONE

Atmospheric Chemistry

BMFT, DFG

Global Atmospheric Trace
Gases

IGBP, STEP, EUROTRAC

Vulcanism and Lithosphère

DFG

Role of soil for Global
Change

IGBP, EPOCH

Ecosystems

BMFT, DFG

Ecosystems and Global
Impact

IGBP, STEP

Tropical Ecosystems

BMFT, DFG

Role of the Tropics for
Global Impact

WCRP, IGBP, STEP,
EPOCH

Arid and semiarid Ecosystems

BMFT, DFG

Water Budget in Arid
Regions

WCRP, IGBP, STEP,
EPOCH

>
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•
(JO

>
CD
çu
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Programme

International
Incorporation

Primary
Sponsorship

Aims and Goals

Marine Ecosystems

BMFT, DFG

Role of the Hydrosphere
for Global Impact

IGBP, STEP

Paleo-Climatology

BMFT, DFG

Global Change in Earth
History

WCRP, IGBP, EPOCH

Socio-Economie Impact

BMI, BMWi, DFG

Global Impact on Man

IGBP

Remote Sensing

BMFT, BMV

Global Atmosphere Watch

WCRP, IGBP, STEP,
EPOCH, MAST

Polar Research

BMFT, DFG

Terrestrial and Marine
Polar Caps

WCRP, IGBP, EPOCH,
MAST

Marine Research

BMFT, DFG

Status and possible
Change of Hydrosphere

WCRP, IGBP, EUROMAR,
EPOCH, MAST

Global Runoff and
Precipitation

BMFT, BMV

Global Data Centers

WCRP, IGBP

Modelling

BMFT, BMI, DFG

Global Models of the
whole System

WCRP, IGBP, EPOCH
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Annex 2: Global monthly areal mean precipitation totals on a grid of 2.5° over land for August
1987 based on gauge measured precipitation amounts at about 4000 stations (CLIMAT and
SYNOP) evaluated by objective anlysis
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Annex 3:

Global monthly areal mean precipitation totals on a grid of 2.5" for August 1987
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Annex 4: Global archives of Seewetteramt
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Annex 4.1:

Global m a r i t i m e - meteorological

archive from voluntary observing ships
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Annex 5: Mean yearly temperatures at the Meteorological Observatory
Hohenpeissenberg with running means over 10 and 30 years

>
(D
Pu

HX
1775

1800

1825

1850

1875

1900

1925

1950

1975

LO

•a
CD

MARKETSPOLICY INSTRUMENTS

Annex 6:

H-

**•
O

CLIMATE +
GLOBAL CHANGE
FEEDBACK

^

GLOBAL WARMING

Y

+
CLIMATE CHANGE

Integration of climate models, economic models and models
of decision making process in comprehensive Global Environment
and Man model. By Klaus Hasselmann (see Reference 6).
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NCAR ACTIVITIES THAT CONTRIBUTE TO CLIMATE DETECTION
(Presented by Mr. R. Jenne, NCAR, USA)

1.

Climate Modelling Activities

1.1
Atmospheric and ocean models, and coupled versions have been prepared
to carry out many model experiments. Many of these have been prepared in
"community model" form so that various university groups can use them to carry
out their own experiments such as climate change, and paleoclimates (such as
work by Kutzbach, or other groups).
1.2
Other work includes atmospheric chemistry, improvements in the
boundary layer, better hydrology, and better land surface processes.
2.

Overview of the data holdings at NCAR

2.1
Archives have been gathered that help support climate diagnostic
studies, model development, and teleconnections. These include

-

3.

Many sets of analyses
Stratospheric analyses (US and Berlin data)
Support for models, etc.
elevation, ocean depth data
vegetation, soils
data for comparison studies
Climate model data
Many sets of observations
Support climate diagnostics and connections
many sets of basic observations
derived analyses and statistics

Reanalysis Projects

3.1
NCAR is associated with several reanalysis projects to help provide
data inputs. The new daily global analyses (which we hope will start with data
for 1958 or earlier), will be much better than existing products used by the
research community.
3.2

Some reanalysis history
-

3.3

Shukla : discussion of reanalysis a decade ago
Bengston and Shukla : 1988 paper
Info re data inputs : 1988 paper
Academy Panel (US) : model assimilation (out December 1990 or
January 1991)

Philosophy
-

Two or more groups should make analyses
compare with each other
compare directly with observations
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3.4

Now
-

4.

Proposal by BCMSŒ* (do 11-15 year of reanalyses)
Proposal by Shukla (18 months)
Proposal by NMC/NCAR (35 years)

Data for Reanalyses

4.1
The goal is to permit reanalyses to start in 1993, and then to keep
improving the data for another new analysis to be done about 5 years later.
4.2

Data inputs
Surface
COADS. The available marine data can almost be doubled by
waiting 5 years after real time
Surface land
1967-on (GTS)
Need earlier data
Upper Air; rawinsonde
NMC; April 1962, on
National archives, 1945, on
Aircraft
1960, on
Satellite cloud winds

-

1967, on
mostly 1974, on

Satellite soundings

5.

April 1968 - April 1970 (SIRS)
December 1972 - March 1979 (VTPR)
October 1978 - on [TOVS]

Data from Climate Models

5.1
NCAR has been working on a project (supported by the Environmental
Protection Agency starting August 1987), to gather climate model data and
prepare it for easy use by research groups making assessment studies. The
archives has data from about five lx, 2x C0 2 simulations, and two transient
runs. The model results for the present climate are also compared with present
climate data from observations.
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Assessments made
US area, accomplished 1987-88
International agriculture, 25 countries : start January 1990
International rivers, 10 countries : February 1990
Forests :
10 countries
Comparison studies
compare models to data
compare models to each other
6.

Choice of Datasets

6.1
At NCAR we try to archive 2 or 3 competent datasets for each data
category. The categories include surface temperatures, sea surface
temperatures, analyses of the troposphere and stratosphere and many others.
The research community helps to make the comparisons between datasets,
analyzes their characteristics. These studies help to clarify the quality of
the analyses and clarify new directions for research into the use of analyses,
or their further improvement. There are now about 350 datasets in the NCAR
archives with a volume of about 2.5 million megabytes (2.5 x 10 1 2 bytes).
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CLIMATE CHANGE DETECTION IN AFRICA
(Presented by Mr, L.J. Ogallo, University of Nairobi, Kenya)

1.

Summary

1.1
Africa has complex regional Climate Systems. The modification of the
general circulation by these regional systems is evidence through the large
space-time variation in the patterns of the weather/climate characteristics
especially during the anomalous periods. ENSO for example has been associated
with positive, negative and no significant weather anomalies over some parts
of Africa. Some of the observed anomalies in Africa have been localised in
nature and lasted only for a short period of time. Others like the Sahel
drought, excessive rainfall of the early I960's and the 1980-84 rainfall
anomalies extended over large areas and persisted for a long period. Details
of the African climate variability is provided in the appended text.
1.2
The data which have been used to study the past and present states of
the African climate include:
i)
ii)
iii)
iv)

remote sensing records especially the satellite derived data
instrumental records from biosphere, atmospheric, aquatic
based measurements
proxy records generated from documentaries, tree rings,
mountain glaciers, lake sediments and other geological
measurements
climate simulations based on climate models

1.3
The following have been identified as the most vulnerable
areas/systems which must be monitored in any climate detection programmes in
Africa.
i)

Zaire/Congo basin where clear shifts in the convection
patterns have been observed during the extreme dry/wet periods

ii)

Tropical mountain glacier (glacier over Mts. Kenya,
Kilimanjaro, etc.). The glacial mountain are the source of
some of the major rivers and water resources

iii)

Dry regions of Sahel and southwest Africa (subtropical
anticyclone region). Marked changes in the circulation
patterns have been observed over these regions during the
major wet/dry/cold/warm periods

iv)

Lake levels. The major rivers like the Nile have their sources
from the inland lakes. Most of the African population and
water resources are also concentrated within the catchments of
the major lakes and rivers

v)

Tropical cyclone regions. Many parts of Africa are not
currently affected directly by the tropical cyclones. Climate
change can change the path, intensity and frequency of the
cyclones
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vi)

Centres of the major regional systems like the monsoonal
winds, jetstreams, westerly/easterly waves, West African
squall lines, upper level circulation

vii)

deforestation and desertification

viii)

extratropical weather systems

ix)

neighbouring oceans especially the coastal areas which are
more vulnerable to any climate changes

x)

atmospheric chemistry to monitor any regional changes
associated with atmospheric pollution, ozone depletion,
greenhouse gases, etc.

1.4
The observational network for biosphere, atmospheric and aquatic
measurements must be improved in order to provide an optimum climate detection
network for Africa. Since regional climate change signals can be effectively
be monitored at the regional/national levels. Any climate change detection
programmes in Africa must be linked with the activities of the major African
Climate Centres like the ACMAD, DMC and AGRHYMET. These Centres can
effectively collect, analyze, disseminate and archive all information related
to climate change. The Centres now however, require training, research
facilities and close collaboration with some of the well developed Climate
Centres in the world. The regional Centres may also be able to coordinate any
efforts to collect proxy records for climate change studies.
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DETECTION OF CLIMATE CHANGE
(Report of Working Group 1)
1.

Introduction

1.1
The IPCC provided the opportunity for the first major assessment of
the evidence and potential for climate change; this process culminated in the
production of a comprehensive report in August 1990 and its formal
presentation at the Second World Climate Conference. There was general
agreement that further assessments would be required at regular intervals to
keep the wider community abreast of new findings and the status of any
existing trends or persistent anomalies in the climate system that might
impact on the socio-economic welfare of the world's many and disparate
communities.
1.2
The issue is seen to be the development of a broad strategy for the
detection of climate change which would be of value in its own right and would
serve the needs of any future assessment made under the auspices of the IPCC
or its successor.
1.3
The impetus for the Climate Change Detection Project (CCDP) arose out
of discussions at CCI in 1989 and the project has been endorsed subsequently
by the EC of WMO and supported by other groups and commissions within the WMOstructure. The present Group noted that it was intended that the Climate
System Monitoring (CSM) Project should continue in parallel with the CCD
Project. Some time was spent therefore in identifying, in general terms at
least, the responsibilities of and boundaries between the two projects.
Although it was evident that no clear dividing line could be drawn between
them, it was agreed that CSM would be more concerned with the on-going
analysis of seasonal and inter-annual climate fluctuations while CCD would
involve the considered analysis of chronic or persistent climatological
anomalies. It was recognized that the chronic anomalies might be due to
external forcing on the climate system with either antropogent or natural
origins, but equally they might be a consequence of low frequency fluctuations
internal to the system for which the long term statistics might or might not
be known.
1.4
Detection is one of the terms used by climatologists to refer to the
identification of a significant change in a climate parameter. Identification
of a change is only of academic interest unless we can also attribute some or
part of the change to an a priori determined factor. The best known
application of the detection issue is the attempt to relate recent changes in
the climate to the enhanced greenhouse effect. In this context the term early
or first detection has been used - it is widely believed that early detection
of the greenhouse effect will produce coordinated international measures to
reduce future greenhouse gas emissions and therefore reduce the climatic
change to which we are committing future generations.
1.5
In the context of this project we plan to detect changes in observed
climate that are in accord with our understanding of the causes of climatic
change. In this sense our definition is slightly broader than detection of
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just the greenhouse effect on climate. We are therefore not limiting the
project to the detection of this one effect. It is likely, however, that the
greenhouse effect is the most important problem to which our detection
strategy will be applied.
1.6
The detection problem has generally seen described in terms of a
signal to noise problem. The signal is the climatic response to some forcing
factor. Increasingly, the signal is going to be determined with the aid of GCM
results. The noise is all climatic variations that are not related to the
signal. To claim detection we require that the signal in the observed data is
large relative to the noise.
1.7
The Group identified three steps to devising an overall strategy for
detecting climate change that would best serve the needs of the community.

2.

1.

To identify those critical, persistent climate anomalies which are
already leading to serious concern or which are perceived as
having that potential.

2.

Using these anomalies, draw up a list of key variables which would
need to be monitored on a continuing basis to enable the detection
processes to be carried out.

3.

To set down the basic approaches to implementing a detection
project, using both model and data driven methodologies.

Critical Problems

2.1
The following list, which is not intended to be prescriptive or
comprehensive, identifies key problems or persistent anomalies and trends
which are already causing specific regional problems or could likely cause
major socio-economic disruptions on a global or regional scale.

-

3.

Enhanced Greenhouse Effect
African Drought : (see Annex 1)
Stratospheric Ozone Depletion
Polar "holes"
Downward global trends
Sea Level Rise
Desertification
Deforestation
Major Lake Levels
Large-Scale Atmospheric Pollution
Acid Rain
Sulphates
Changes in precipitation climatology

Detection and Forcing Variables

3.1
The number of variables which might be used in the project is
potentially very large. However, it is evident that there are a few key
variables which will form the basis of detecting global and regional changes
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in the climate system. A number of secondary variables will act to support the
primary variables on a global scale, while the use of others will only be
possible at a regional level. Variables may be obtained from conventional
surface-based observing systems, from remote-sensing platforms or from proxy
records.
3.2
The primary and secondary variables are discussed below, together with
some of the regional variables and where the latter might be best applied. It
will be important in implementing the project to link trends and anomalies in
the primary factors responsible for forcing the climate system, eg. the
radiatively active gases, volcanic activity, solar variability and planetary
albedo.
4.

Temperature

4.1
The climatic history of Earth is generally classified according to the
average temperature of the period. The most recent part of geologic history,
the Quaternary, has experienced an alternating cycle of glacial advances (cold
periods) and interglacials (warm periods). Since the height of the last
glaciation about 18K years ago a number of features such as the Climatic
Optimum, the Medieval Warm Period and the Little Ice Age have been recognised,
based on their average temperatures.
4.2
The average global mean temperature is, therefore, the most widely
used and accepted single measure of the state of the climate system. In any
detection strategy this parameter will be the most important in terms of
continued monitoring.
4.3
The longest temperature records come from the surface of the Earth.
Land and marine measurements of surface temperature have been pieced together
with some reliability back to the middle of the 19th century. There is no room
for complacency here, however, as even now coverage over parts of the Earth's
surface is poor. Integration of satellite estimates of sea surface
temperatures particularly over the southern oceans, will improve the quality
of the record from the late 1970s onwards.
4.4
Measurements of temperatures in the free atmosphere have been made
since the late 1940s. Changes in radiosondes during the 1950s and the lack of
coverage in many areas in the early 1950s means that there are only reliable
long term measurements of tropospheric mean temperatures (inferred from a
thickness between mandatory pressure levels) since 1958. Stratospheric
averages are only available since the 1960s.
4.5
Both tropospheric and stratospheric temperatures are essential to the
detection issue. The conventional network of radiosondes should be maintained
wherever possible. Improvements in the quality of the available data are being
achieved through the integration of satellite micro-wave sounding unit (MSU)
data since 1979 (Spencer and Christy, 1990). As with surface measurements,
satellite information should only be viewed as a means of improving the
conventional radiosonde network.
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5.

Precipitation

5.1
Monitoring and detection of changes in precipitation are essential
because of the importance of water to human and ecosystem needs, and to the
earth's water balance. Climatic change is sensitive to precipitation through
various feedback mechanisms (eg. albedo) and precipitation is a sensitive
indicator of climatic change. Continuation and enhancement of WMO/WCRP
projects: the Global Precipitation Climatology Centre and the Solid
Precipitation Intercomparison Project are important for effective analysis of
precipitation for climate change detection.
6.

Cryospheric Elements

6.1
Sea and lake ice, snow cover, mountain snow lines and glacier ice
volume and extent are often very sensitive indicators and integrators of basic
climate elements such as temperature, precipitation, and solar radiation.
6.2
Changes in sea ice cover will be an important component of the polar
amplification of climatic warming indicated by the GCM's at high latitudes.
6.3
Variations of snow cover, snow lines in mountains and glacier ice mass
and extent are all potentially effective regional and global change indicators.
6.4
Care will be required in the interpretation of the analysis because of
issues such as disparate time scales, natural variability, and the concurrency
of these signals with other more basic indicators.
7.

Sea Level

7.1
Sea level variations occur in response to both geological and
climatological changes. Under the "geological" heading we must include
post-glacial rebound and tectonic effects. In many areas the geological
factors dominate but given that the thermal expansion coefficient of water is
positive then it follows that if the mean temperature of the world ocean
increases then the volume must also increase. Logically then sea level should
be monitored world-wide though great care is needed before sea level
variations are used as signatures of climatic fluctuations.
7.2
Climatic fluctuations will themselves change sea level in different
ways depending on the detailed ocean response.
i)

As above, a change in mean temperature of the ocean will have a direct
effect on mean sea level.

ii)

Changes in salinity have been reported in both the North Atlantic and
North Pacific oceans. A decrease in salinity will lead to an increase
in the steric anomaly and consequently a rise in sea level.
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iii)

If the large scale wind stress curl field over a sub-tropical gyre
changes, then the transport in the associated western boundary current
will change. As a result of that the sea level at the coast will
change.

7.3
Despite the wide range of possible causes for sea level variations
there is general agreement that sea level is rising globally at the rate of
about 1.5 mm/year over the last century.
7.4
Though locally observed sea level variations do occur in response to a
variety of effects, when the eustatic change is observed it does represent a
change in the mean state of the ocean on the very largest scales. Thus sea
level changes can be a sensitive indicator of the mean climatic state of the
world ocean. For that reason the present world wide array to sea level
monitoring stations should be maintained.
8.

Ocean Temperature and Salinity

8.1
With a combination of ship and satellite observations sea surface
temperature is presently being monitored globally. In the historical data
record there does exist a deficiency in the coverage of the southern ocean.
However, this is presently being filled by satellite observations. Since the
ratio of the response to greenhouse forcing to the natural variability is
likely to be large for ocean temperature and (possibly) salinity, these
variables are central to the identification of climate changes.
8.2
On a regional level sea surface temperature is a useful parameter that
can be monitored easily at a very modest cqst. The observations can provide a
means of interpreting variations in fish stocks and migration routes. In the
US, Canada and Australia, and presumably other countries, routine observations
have been taken for many years at lighthouses. Presently there is a disturbing
trend towards automation of these stations and a consequent loss of these time
series. This trend should be resisted and the relevant agencies encouraged to
maintain the integrity of these monitoring sites.
8.3
The climatic state of the subsurface ocean is being monitored at a few
stations around the world. At Ocean Station Papa (50°N, 145°W) subsurface
properties were monitored at intervals of 6 weeks between 1956 and 1981 and at
seasonal intervals since that time. (The weatherships were abandoned in 1981).
However, the time scales of fluctuations in the North Pacific indicate that
little variance has been lost with this decrease in sampling. The data at
station P indicate no significant temperature trends, but a general freshening
extending down to 2000 m (Tabata, 1989). In the North Atlantic, analyses of
temperature sections taken almost 30 years apart indicate an apparent change
in the climatic state of the ocean, Roemmich and Wunsch (1984). Recent
analyses by Antonov (1990) show a general warming of the North Atlantic
between 1957 and 1981 with a maximum response near a depth of 1,500 m. This
depth is near the depth of the Mediterranean anomaly in the North Atlantic and
so, may be symptomatic of changes in the conditions of formation of
Mediterranean bottom water. Any possible change in the formation of dense
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water masses in the ocean should be viewed with great concern as this is one
of the mechanisms by which water loaded with dissolved carbon is removed from
contact with the atmosphere. It is, therefore, important that the climatic
state of the world ocean be monitored in the future.
8.4
Over the next 5 years the appropriate data will be obtained during the
World Ocean Circulation Experiment. However, as that project winds down after
1995 it will be necessary to take concerted action to ensure that existing
time series are continued and that deep temperature sections, such as those
examined by Roemmich and Wunsch (1984), are repeated.
8.5
The World Ocean Circulation Experiment will create a baseline
description of deep water properties world-wide. Several critical sections
should be identified to be repeated a decade later. By these means it will be
possible to determine whether the changes seen by Antonov and by Roemmich and
Wunsch are transitory, decadal scale, anomalies, or are longer period changes
in the climatic state of the ocean.
9.

Net Radiation

9.1
Net radiation is a fundamental variable for understanding and
monitoring both the energy and water balances at the surface. If the
"greenhouse effect" is intensified, most likely net radiation will change, as
will the partitioning of energy into latent and sensible heat fluxes, bringing
changes to the regional climate.
9.2
Paradoxically, in regional climatological studies, net radiation is
not usually measured but is commonly estimated from empirical formulae
depending on water vapour pressure, air temperature and ratio of sunshine
hours observed to those astronomically possible. -Models, on the other hand,
have sophisticated schemes to compute the radiation components at the surface
and the computed values do not always agree with the sparsely observed ones.
In the process of "tuning" the models to the present climate it is quite
common to, for instance, "adjust" the solar radiation flux values more than
the 4 wm~2 which is the flux increase expected by doubling C0 2 .
9.3
The availability of net radiation data will help to monitor regional
climate change and also to improve the parameterization of radiation and land
surface processes in models, contributing to their credibility.
9.4
WMO should suggest that the Member countries adopt the "net
radiometer" as a standard instrument in Class A stations and to report its
measurements via the GTS.
10.

Proxy Data

10.1
In all the parameters, so far discussed, there is known to be
considerable decadal time-scale variability or noise. There is also likely to
be substantial century and longer time-scale noise. Determining the magnitude
of this noise is extremely difficult. The power of many statistical tests is
limited by a lack of knowledge.
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10.2
There are two potential ways through which this longer time scale
variability might be estimated. The first is to simulate the natural
variability of global-mean temperature, for example, using long control runs
of coupled ocean atmosphere GCMs or from simpler upwelling-diffusion climate
models. The drawback of this approach is that the result may be model
dependent. Confidence will be gained in the results however, if similar
magnitude results are achieved by different types of models.
10.3
The other estimation technique uses some of the long climate
reconstructions from proxy data that have recently become available. In order
to be useful, such reconstructions should be annually resolved and extend over
much of the last millennium. The drawback of proxy data is that any
reconstructions will be regionally and seasonally specific. How do isotopic
inferred temperatures in Greenland relate to global or hemispheric average
temperatures? Other problems relate to the data manipulation of the proxy
parameter. All tree-ring data, for example, must be 'indexed' in some way to
remove age-related trends. The effect that these processes have on the
low-frequency aspects of subsequent reconstructions might jeopardize their
usefulness for our purposes. Reducing uncertainties in proxy data
reconstructions will come from combining the results of a number of analyses.
11.

Forcing Factors

11.1
Facilitating detection of any climate change, due to a specific cause,
will be helped if some of the noise in a data series can explained by other
factors. It is vital therefore that there is continued monitoring of all of
the factors that are considered to have influenced climate on the global and
to a lesser extent the regional scale. Such factors include: C0 2 and other trace gas concentrations
Solar irradiance changes
Stratospheric aerosol concentrations
Tropospheric aerosol concentrations
El Nino/Southern Oscillation
Surface albedo changes
Changes in North Atlantic Deep Water formation
11.2
Proxy data have proved vital in estimating the past histories of these
forcing factors. Trace gas concentrations have been estimated using the
bubbles held in polar ice cores. Solar irradiance changes may be related to
the C-14 measured in long tree ring series. The acidity of annual ice core
layers is related to the concentration of aerosols in both the stratosphere
and troposphere.
12.

Project Implementation Overview

12.1
There are two parallel streams of activity in the practical
implementation of the Project.
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a) Model Driven Detection
12.2
The approach in this stream is to obtain results from the current
generation of general circulation models of the climate system and use them to
develop a set of a priori hypotheses about how the climate may change on
global and regional bases. Such hypotheses could form the basis of a
"fingerprint" for examining evidence for climate change from past, current and
future data.
b) Data Driven Detection
12.3
Existing data records of climatic variables are capable of revealing a
wealth of information about the current state of the climate system and how it
has fluctuated and changed in the past. By themselves, the records cannot
provide a priori proof of attribution of any observed change or fluctuation to
a specific cause. However, when examined in a statistically rigorous fashion,
they can provide strong circumstantial evidence for a persistent trend or
anomaly which may then be used to devise response strategies. The statistical
techniques that might be employed are discussed in more detail below.
13.

Models

13.1
Large-scale General Circulation, coupled ocean/atmospheric, Models are
the main tools for simulating the earth's climate and predicting the long-term
climatic changes (sensitivity) due to changes in greenhouse gases and/or
boundary conditions. The sensitivity of a model's simulated climate due to
changes in CO2, for example, provides the crucial basis for the statistical
analysis and diagnosis of the long-term records of atmospheric data. The
"patterns" of model sensitivities provide the finger prints which should be
sought in the observational records. These fingerprints could sed more light
on the possibility of attribution of "observed" climatic changes to
anthropogenic sources of CO2.
13.2
As pointed out clearly in the IPCC reports, there are major
imperfections in these large-scale models. The formulations for the
parameterization of cloud/radiation interaction, surface processes and the
interfacial coupling of the atmospheric and oceanic components of the GCM are
particularly uncertain. Although the latest atmospheric models can, when
forced with prescribed boundary conditions, simulate the large-scale aspects
of the present climate and its variability the accuracy of regional
simulations is low. The successful coupling of atmospheric and oceanic models
requires the ad hoc use of corrective fluxes at the ocean/atmosphere boundary.
13.3
International and national research and observational programmes are
aimed at improving capabilities to model the general circulation. It should be
an important part of the CCDP to continually monitor those developments
closely. Access to increases in computer power will enable the model's
resolution to be increased significantly by 1995. This will increase the
realism of the regional performance of atmospheric climate models and their
ability to simulate atmospheric variability, and may well dramatically improve
the oceanic component allowing the simulation of hitherto unresolved
phenomena. This should partially reduce the need for interface corrections.
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13.4
The success of research to improve the parameterizations for physical
processes will depend crucially on the availability of data from field
experiments and extensive data bases of conventional and remotely sensed data.
Projects which are of particular importance here are ISCCP, ERBE and GPCP.
14.

Global Analysed Data Sets

14.1
The four-dimensional data assimilation systems of the type employed in
operational numerical weather prediction can provide the most comprehensive
data sets for validation of model simulations. If these are internally
consistent data sets, they can be used to provide, for example:

-

descriptions of atmospheric means and variability
descriptions of the global hydrological cycle
atmospheric energetics
forcing for ocean models
land surfaces fluxes

14.2
Analyses up to now are affected by improvements in numerical weather
prediction which leaves major inhomogeneities in the analysed products. By
1995 the production of a 20-year data set through reanalysis with the same
numerical weather model appears to be practicable and a 35-year period may be
feasible. This could be an important data source for global change studies and
earth-system science.

***********************

Appendix 4 Annex 1

AFRICAN DROUGHT AND LAKE LEVELS

The chances of the whole of Africa being drought free is almost zero
during any given season/year. Some of these droughts are however, localised in
nature and have lasted only over a short period. Others like the recent Sahel
drought and the 1980's droughts over Eastern, Western, Central and Southern
Africa affected large areas and/or persisted for a long period of time. The
impacts of these droughts have been quite drastic in Africa since the economy
of most of these countries rely on rain-dependent agricultural products.
A few of the African Countries, like Egypt, rely entirely on
irrigation from the river waters. Some of the major rivers in Africa have as
their sources the inland lakes or the glacial mountains. The majority of the
African population and agricultural activities are concentrated within the
major river and lake catchments.
Monitoring of African drought, lake levels and tropical mountain
glaciers will therefore be the priorities of most of the African countries in
terms of climate change detection programmes.
The vulnerable areas/systems which have been associated with the
African droughts have included:
i)
ii)
iii)
iv)
v)
vi)
vii)
viii)
ix)

convection anomalies over Congo/Zaire basin
circulation over the dry regions of Sahel and southwest Africa
(subtropical anticyclone regions)
extra-tropical weather system's
monsoonal winds and the ITCZ
regional systems like the West African squall lines,
easterly/westerly waves, upper level circulation and other
regional systems
tropical cyclones
deforestation and desertification
téléconnexions with systems outside the region
jetstreams.

Requirement
a)

Good network of observations for biosphere, atmosphere and
hydrosphere.

b)

Development of data bases for some optimum reference
climatological stations. The data archives should include
proxy records where possible.

c)

Understanding the impacts of climate change on African
drought, mountain glaciers and regional hydrological cycle.

d)

Support for the major climate centres in Africa like ACMAD,
DMC and HYGREMET to establish a monitoring capability for
climate change at the regional level.
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PARTICIPATION OF DEVELOPING COUNTRIES IN CCDP
Developing countries can participate in the detection part of the
project by being encouraged to:
a)

Recover, treat and analyze conventional surface data which
have been collected during the past years. For temperature
and precipitation, relatively long time series (50 to 80
years) do exist for few stations but the data are still in raw
(log books) formats. If it is not possible to convince
national meteorological services to do it, research groups at
institutes or universities should be encouraged to do it.

b)

Maintain a minimum set of observing stations, distributed in
such a manner to cover what the experts from this meeting
recommend as critical regions for detecting climate change.

As far as research on major knowledge gaps is concerned, it is worthy
to notice that developing countries have isolated incipient research groups
which could be encouraged to address specific topics identified in CCDP. This
could be achieved with relatively little support since most of the
infrastructure already exists.
Training
An important point which should not be left aside in the long term
planning is training related to detection and modelling at all levels.
Training is the key issue, if CCDP is to accomplish its objectives in the long
run.
At the observing level, the current philosophy is of the 1930's. CCDP
requires a change of the "observation objectives and practices". This means
retraining the observers so they become aware of the importance of their
contributions to CCDP. Another important aspect is that there are many data
sets, which are not in the national weather services such as hydroelectric
power company networks, with records which exceed 50 years of data. These
data could be rescued if CCDP recommends it. But, training in how to recover
the long term time series has to be given.
The third level of training is for researchers and university
professors in related disciplines such as agroclimatology, hydrology and land
surface processes studies. These people are the ones who are doing basic
research that eventually will contribute to the understanding of the physical
processes.
Finally, researchers involved in numerical modelling of weather and
climate should be trained, preferably at excellence centres (ECMWF, NMC, CGC,
NCAR) to use products that will come out of these centres. In this manner, a
critical mass of researchers in modelling will be formed in the developing
countries.
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STATISTICAL ASPECTS OF THE "DETECTION" OF CLIMATE CHANGE
(Presented by Mr. F. Zweirs, Canadian
Atmospheric Environment Service)
1.

Introduction

1.1
Before embarking on a discussion of statistical methods and problems
in the context of climate change, it would be useful to clarify the word
"detection". It has generally been used to denote the rejection of the null
hypothesis that the effects of anthropic climate change are not apparent in
the instrumental record. This, often implicitly understood, definitions of
detection places great deal of weight on statistical decision making processes
and very little on statistical estimation methods. This emphasis on decision
making has come about because of the perceived need to make a categorical
statement about climate change and the Green House Gas effect. However, the
emphasis on decision making does not serve our best interests in terms of
understanding climate change and placing observed changes within a framework
which can be used to assess their importance.
1.2
It should be one of the aims of CCDP to provide regularly updated
estimates of climate change on a global and regional basis, and to at least
attempt to assess the relative importance of these changes. If possible, CCDP
should avoid the decision making mode of statistical data analysis.
2.

Statistical Models

2.1
The IPCC (WG1, 8) pointed out that climate change detection, and
specifically attribution, is in part a climate model validation exercise. This
is true even in the simple case in which annual global mean temperature is
used to describe global warming. Our expectation from climate models is that
global mean temperature will rise with time. The extent to which this occurs
or fails to occur in the observed record is a measure of the validity of our
climate models.
2.2
Thus, the results of climate models are implicit in our analyses of
the climate record.
2.3
The reason for making this observation is to focus attention on the
fact that statistical models are also required in the analyses of the climate
record if one is to make judgements regarding the importance of a particular
observed climate change. For example, consider the problem of estimating the
difference in global mean temperature between the decade ending in 1989 and
the decade 50 years earlier ending in 1939. The true difference between
decadal means is easy to estimate from the available instrumental record.
However, to determine the uncertainty of the estimated change (or,
equivalently, to derive a 95% confidence interval for the true change)
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requires the use of a statistical model which describes the "natural"
variability of decadal global mean temperature. That is, we make sense of
observed decadal differences by putting them in the context of a model which
prescribes the natural range of variation of decadal differences.
2.4
In a sense the correction of the prescribed statistical model is a
secondary concern as long as it provides us with an accepted and well
understood reference against which to measure climate change.
3.

What changes do we want to detect?

3.1
In general, the answer to this question must be "all changes in the
spatial and temporal statistical properties of the variables which we are
monitoring". In fact, we will only be able to make inferences regarding
changes in the "mean" state and possibly some second order characteristics
related to variability and temporal structure.
3.2
We expect that it will be possible to assess change in the mean if
reasonable statistical or climate models are used to specify the effects of
long term variability.
3.3
In instances of indices such as annual global mean temperatures, for
which there are relatively long time series, it may be possible to identify
time series models which reasonably describe long term variation. However, no
consensus has yet been obtained regarding the appropriate statistical model.
An alternate approach, which appears to be equally valid and makes assumptions
which are no more arbitrary than those implicit in a time series model, is
that taken by Wigley and Raper (1990). They conduct Monte Carlo simulations
with a simple climate model forced by atmospheric white noise to estimate the
distribution of the 100-year global mean temperature trend. They find the
observed trend to be highly unusual in this context. An alternate approach,
more consistent with an emphasis on estimation, would have estimated the
distribution of 100-year global mean temperature trends produced when the
climate model is forced by atmospheric white noise and radiative changes
consistent with the observed 100-year trend.
3.4
This monte carlo approach, which derives an appropriate statistical
model from a simple climate model, might also be suitable for the assessment
of other simple climate indices. An advantage of this monte carlo approach is
that the length of record is not an issue vis-a-vis the determination of
natural variability on the appropriate time scale. The climate model embedded
in the monte carlo simulation can presumably handle this contingency.
3.5
Unfortunately, the monte carlo approach cannot be used for indices
(such as "fingerprints" - Barnett and Schlesinger, 1987) which are based on
complex spatial averages. In this case it would seem that assessments and
judgements can only be made relative to an appropriate time series model.
3.6
Once it is accepted that there have been changes in the climate's mean
state, it may be possible to make some inferences regarding changes of
variability on some time scales. It will not be possible to detect changes in
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interannual variability with any degree of reliability because of the low
sensitivity and lack of robustness of the statistical tools available for this
purpose. For the same reasons it will be impossible to make inferences about
changes in rare extremes such as 100-year flood, precipitation and wind
events. However, it should be possible to make inferences regarding changes on
shorter time scales involving less rare events. For example, it should be
plausible to estimate changes in the number or days per year with maximum
temperature above a given threshold and to make some sort of assessment of the
uncertainty of the estimate.
4.

Attribution

4.1
We are not optimistic about the likelihood of attributing observed
climate changes to the enhanced GHG effect in the near term (5 years).
Attribution will only be made through the use of fingerprint studies (see
Appendix 3). The current collection of high resolution equilibrium CO2
doubling experiments and transient C0 2 response experiments (IPCC, WG1,
Section 3) suggest some possible fingerprints, based primarily on surface and
free atmosphere temperature. However, it has not been demonstrated that the
corresponding fingerprint coefficient time series contain only the GHG signal.
Unequivocal attribution awaits the development of a fingerprint which
manifests the GHG signal strongly and ignores the presence of other
anthropogenic and natural climate "signals". Even then, assessment of the
strength of the signal will have to be made in the context of an assumed
statistical model. In the longer term (10-20 years) we anticipate that the
evolution of faster computers will allow us to use monte carlo techniques in
conjunction with fingerprints and dynamic climate models in much the same way
that energy balance models can now be used to assess changes in the global
mean temperature.
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GLOBAL BASELINE DATA SETS
(Report of Working Group 2)
1.

Purpose of Global Baseline Datasets in Support of the Climate Change
Detection Project

1.1
To support Climate Change Detection, Global Baseline datasets should
be built to provide a complete historical record of the climate. The project
constructing these datasets must provide guidance for future observations,
data management and data access methods to ensure scientists have a complete,
adequate record of the climate to assist them in determining climate change.
Therefore it is critical to maintain the original records, have adequate
metadata, and to have access to satellite data and other remotely sensed
datasets. The database must be comprehensive, accurate and permit future
re-processing and analysis by scientists. The temporal extent of a particular
dataset depends on the type of data. Standard (in situ) meteorological and
satellite archives should be extended back in time as far as possible, while
proxy data and paleoclimate data should be made available with assessments of
their accuracy.
1.2
The experts noted the enormous volumes of data, data types, metadata,
etc. required for comprehensive baseline datasets. It was suggested that
considerations must be given to limiting (somewhat) the scope of this project,
much as the January 1990 Global Baseline Dataset project had limited theirs.
2.

Activities that contribute to the preparation of global baseline
datasets.

2.1
Initiatives are planned that will result in global datasets of
selected data, such as surface monthly data, rawinsonde data and others.
There are a number of activities that help contribute to these goals. For
example, the Nordic countries are preparing a combined dataset of monthly
surface data for their region. The WMO project to gather data for French West
African countries has a great benefit. Another example is the ASEAN Project
to prepare data for Malaysia, Thailand, Indonesia and the Philippines. The
activities in the national archives of all countries are critical for the
success of this work. WMO should encourage the association of other countries
into working agreements to carry out specific tasks for the preparation of
regional datasets that can contribute to the global effort.
3.

Support for the Climate Change Detection Project from the WCP Global
Baseline Dataset Project

3.1
Under the WCP, a Global Baseline Dataset project was established in
1989. A meeting was held in Asheville, N.C. USA from 22-26 January 1990. A
complete report of this meeting was written as WCDP-11. The experts
participating in this meeting defined the basic goal for the Global Baseline
Dataset Project as follows: to construct global datasets available to all
Members and researchers that can be used and accepted as the official dataset
for climate change studies. The starting point for achieving the goal was
first to state the requirements as seen by the experts.
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3.2
Considerations of the enormous task, led to this project being
intentionally limited to in-situ data. Thus, major support for the Climate
Change Detection Project will result from this WMO effort, but augmentation
specifically for detection of climate change will be required and will be
addressed below.
3.3
The expert groups which met in Asheville USA in January 1990 and
Niagara-on-the-Lake Canada in November 1990 both concurred that an absolute
requirement for baseline datasets was the existence of a high quality,
complete, metadata informational base. This information, e.g. details about
station location and instruments, must be a part of the baseline dataset. It
was emphasized that two problems exist: 1) the gathering of metadata; and 2)
providing access to the metadata for the scientists. Metadata would be a
continually growing file that would require attention, but the emphasis must
be on the data itself with the metadata being of secondary importance.
3.4
It was pointed out by the experts that despite the obvious need, the
assimilation of metadata must be approached with caution lest the metadata
seem to become more important than the data themselves. Part of the problem is
that the term metadata is imprecise. To say that it is "data about data"
sounds simple enough but that simplicity is soon lost as discussion embraces
creation of the data sets, management, and user requirements. In the
development of metadata requirements and standards we must separate mandatory
from desirable features, and even these may vary depending on data set.
3.5
Following the January 1990 Asheville meeting, forms for metadata
collection were developed and are currently being tested by several countries.
These forms are included as appendix 1 to this report.
4.

30-Year Standard Normals

4.1
The experts discussed the WMO 30-year Standard Normals (CLINO). These
Standard Normals are required from all Members according to WMO Technical
Regulation #49 Vol 1, Section B, and for determination of short term (annual
or less) anomalies they provide a great benefit. However, as a tool for
Climate Change Detection they are not an absolute standard. The experts felt
it would be more beneficial for the detection effort to have climate change
researchers determine the most appropriate averages for their own specific
purpose. Thus, the experts suggested that no special effort was necessary to
further summarize the in-situ data for the detection project.
5.

Requirements for Global Datasets
A:

Contents

5.1
The expert committee agreed with the requirements for baseline
datasets for climate change detection prepared at the Expert Meeting on Global
Baseline Datasets in Asheville, North Carolina in January 1990 (WCDP-11)
(Annex 2). It is recommended, however, that the climate change detection list
should be expanded and include the following elements with the same scale and
time resolution requirements as previously identified:

Appendix 5 p.3

Land and ocean surface temperature*
High latitude winter temperatures*
Precipitation*
Upper-tropospheric temperatures
Stratospheric temperatures
Sea level heights
Tropospheric water vapour content
Summer continental moisture
Cryospheric elements (snow, sea ice, freeze-up/break-up)
Circulation parameters
Outgoing long wave radiation
Atmospheric pressure
Surface and upper air relative humidity
Proxy data (glacier mass balance, sedimentary cores, tree rings,
permafrost records)
*

Already in Global Baseline Dataset Project

5.2
These elements are to be assessed for their potential utility and
assigned priority for their implementation in the short and long term action
plans. The data would be examined for signs or indications of regional and
global change which are consistent with climate model projections. In the
short term, the baseline datasets will depend heavily, in fact almost
exclusively, on in-situ conventional measurements. As the dataset expands,
satellite measurements will be included. Global distributions of sea surface
temperature, rainfall, snow cover, sea-ice, tropospheric and stratospheric
temperatures are but a few examples of satellite-observed fields which would
contribute to the datasets.
'
5.3
New satellite systems, sensors and data products suitable for
monitoring climate elements are scheduled to become available in the
mid-1990's; these are planned to improve the systematic observation of
climate-related variables on a global basis. The proposed Earth Observing
System (EOS) will offer a multitude of climate products. For use in CCDP
related analyses, their accuracy and compatibility must be assessed and their
continuity must be ensured. The establishment of NASA/NOAA Pathfinder Data
Sets (eg. AVHRR data) and the use of these satellite data for climate
monitoring is an activity which should be included in the CCDP.
5.4
The expert committee emphasized that the climate observation
programme must be maintained and enhanced using both surface-based and
satellite-based data. Accurate observations must be guaranteed on a continuous
basis and the compatibility of surface and satellite products must be ensured
for the development of a consistent time series. For satellite data to be most
useful, they must be analyzed and interpreted with in-situ data. Both
conventional and satellite measurements must have continuity of calibration
and processing. The ensuing datasets nust be efficiently and effectively
archived and be easily accessible if they are to be useful for climate change
monitoring and detection.
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B

Homogeneity of the Climate Series

5.5
As noted, continuous, compatible, homogeneous data series are required
for the CCDP. Calibration, documented quality control procedures and other
processing documentation are required for in-situ and satellite datasets.
5.6
There must be a commitment to ensure the continuation of the best
climate reference stations for the CCDP. To maintain the homogeneity of a
climate series it is highly desirable, if not absolutely necessary, to make
observations at one location under standard exposure conditions. However, if a
change of site for an observatory becomes unavoidable, it is recommended that
simultaneous parallel observations at the existing and new locations should be
taken for at least two years. A concerted effort to establish new long term
climatological stations in UNESCO/MAB Biosphere Reserves and in areas likely
to be undisturbed such as National Parks, must be pursued by WMO.
5.7
The experts discussed the increase of automation of observing networks
since it poses a potential threat to the creation of a homogeneous time
series. There are many benefits to using automation for obtaining some of the
needed observations. For example, many nations are obtaining improved
rawinsonde data (often at a lower cost) because of increased automation.
However, the data needs for climate have to be considered when automation is
planned. It is recommended that when an existing instrument system is being
replaced by a new system, simultaneous observations from the two instrument
systems should be taken for at least one year.
5.8
In addition, there is a need for on-going intercomparison of old,
current and new systems and sensors against WMO reference standards to
establish systematic errors and biases and methods of correcting for these
errors in measurement. The establishment of permanent intercomparison sites,
co-ordinated through CIMO for elements particularly important in the CCDP
should be considered. Results from CIMO sponsored intercomparisons (eg. upper
air, humidity, rainfall, solid precipitation) should be reviewed for use in
this project.
5.9
Metadata files must be updated every year to be current and free from
error. In addition, the set of original observations must be retained, even
if some observations might have crossed earlier extremes and appear to be
grossly in error. The corrected value could be included in the data set with
the basis of correction. For data elements which are extensively corrected, a
separate archive should be created in addition to the original observations.
6

Status of Global Datasets

6.1

Reference Climatological_Stations

6.1.1
The WMO definition of, and recommendations for, reference
climatological stations (RCSs) have long been in force. However, the present
state of the RCS-network has not been well known until now. A recent WMO
questionnaire has given a good review of the current RCS stations as well as a
list of potential new RCSs. The CCI Rapporteur on RCS-networks will study the
answers and make suggestions for further WMO activities in this area.
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6.2

Surface Land Data Sets

6.2.1
Global monthly digitized surface land data sets, extending back over
100 years in some areas, are held at several centres, eg. Climatic Research
Unit (UK) and NOAA/NCDC (USA). They are based on CLIMAT reports and World
Weather Records (Smithsonian Institution), but have been substantially
augmented with additional stations. Yet coverage has recently declined and
many existing valuable rural networks in both developed and developing
countries are poorly represented. Furthermore, some important quantities, such
as mean daily maximum and minimum temperature, are excluded. Also, we lack
even the rudiments of a global data base of daily observations, which is a
prerequisite for monitoring change in short-term variability.
6.2.3
Assembly of worldwide station history information is at the
pilot-project stage. Quantitative assessments of biases resulting from
changing observing practices are at an early stage of development, eg. plans
are afoot to reconstruct and assess a 19th century model Canadian thermometer
screen.
6.2.4
A change in the ratio of snowfall to rainfall could be an indicator of
climate change. Thus, it was recommended that countries that receive solid
precipitation should report both rainfall and snowfall water equivalent in
their CLIMAT reports. It is further recommended that countries should develop
good time series of rain, snow and snow depth on daily and monthly time scales.
6.3

Aerological DataSets

6.3.1
Global monthly digitized rawinsonde data sets are held at several
centres, eg.. UK Meteorological Office and NÔAA/NCDC (USA). They extend back to
about 1950 and are based on CLIMAT TEMP reports, augmented at some centres
with digitized manuscript or published values obtained from national
meteorological services. Although we lack an organized set of global daily
aerological data, these are considered less important for climate change
detection than are the daily surface data.
6.3.2
Assembly of worldwide station history information has commenced
jointly at the two above mentioned centres but is at an early stage, as is
quantitative assessment of potential instrumental biases.
6.3.3
Sets of daily satellite infrared and microwave sounding data beginning
in the 1980's are held at several centres in the USA but have not yet been
blended with the rawinsonde data. A task probably requiring model-based
assimilation and re-analyses should be undertaken by WMO. The microwave
sounding data have good agreement with vertically-averaged rawinsonde data but
do not have the vertical resolution to discern such features as near-surface
effects or variations in the tropopause.
6.4

Surface Ocean Data_Sets

6.4.1
The principal digitized global data bases of "in-situ" (mainly ships')
observations are the Comprehensive Ocean-Atmosphere Data Sets (COADS)
(NOAA/NCDC + ERL) + NCAR) (USA) and the UK Meteorological Office (UKMO) Main
Marine Data Bank (MDB). Creation of an augmented data base by-blending COADS
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and MDB (eliminating duplicates) is expected to conunence shortly. Digitization
of remaining manuscript records has commenced for USA ships for the periods
covering the two world wars, and is essential also for Japanese ships for 1890
to 1935 if the sparse coverage in the North Pacific at that time is to be
improved. "In-situ" sea surface temperatures from 1982 onwards have been
blended with satellite sea surface temperatures and sea ice by NOAA (Climate
Analysis Center). There is a need to blend eg. COADS mean-sea-level pressures
with land station data, to give global fields.
6.4.2
Information on early observing practices has been used in the
derivation of corrections to sea surface temperatures and marine air
temperatures for the 1940*s and earlier. This work is incorporated in a Global
Ocean Surface Temperature Atlas (UKMO + Massachusetts Inst. Technology).
6.5

Gridded Data Sets

6.5.1
Gridded surface and upper air data sets are essential for verifying
climate models. They are also required so that future re-analyses can be
conducted from a common starting point. It is recommended that the development
of this gridded data base (parameters recommended in WCDP 11, page 7) be
commenced immediately.
6.6

Proxy Data

10.6.1 Proxy data are indirect indications of past climates and involve the
use of non-instrumented methods in the reconstruction of climate change. The
potential use of proxy data is clearly outlined in Annex
. The Secretariat
should arrange for an assessment of the utility of proxy data in the CCDP.
6.7

Problems in Acquiring and Managing the Baseline Datasets for Climate
Change Detection

6.7.1
The group recognized that there would continue to be a considerable
reliance on the operational WWW system, particularly the Global Observing
System and the Global Telecommunication System, to provide the basic in-situ
data required for climate change detection. Improvements would however be
necessary in the collection and exchange of both daily and monthly data
especially from tropical and remote sparsely populated areas. Of paramount
importance in this regard is the network of CLIMAT and CLIMAT-TEMP reporting
stations. It was noted that although there were some 2,000 potential CLIMAT
reporting stations, according to information available in WMO, only around
1,200 such reports were actually exchanged. It was suggested that the WMO
Secretariat be requested to undertake a thorough review of the efficiency of
the existing network of CLIMAT reporting stations and take appropriate
follow-up action with individual members with a view to:
a)

ensuring the preparation and transmission of reports from the
existing network, and
b) designating new CLIMAT reporting stations within the 'Regional
Basic Synoptic Networks" in those areas where the density of
reporting stations is less than five stations per 250,000 km2
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6.7.2
The group also urged that action by CCI and CBS as regards proposed
changes in the CLIMAT reports be accelerated.
6.7.3
It was appreciated that it might be more difficult to increase
significantly the number of CLIMAT-TEMP reports. The high cost of operating
rawinsonde stations was already having a negative impact on the frequency of
upper air soundings particularly in Africa and South America. Nevertheless,
the group urged that all possibilities be examined to increase at least
upper-wind data in tropical areas which were an important requirement for
model validation.
6.7.4
The group also emphasized the importance of regular collection and
exchange of data from the existing operational marine meteorological and
océanographie observing systems. It was noted that efforts are underway by WMO
and IOC to establish a comprehensive Global Ocean Observing System but
emphasized that in the meantime higher priority should be given to the
collection and exchange via the GTS of BATHY and TESAC reports generated by
the existing IOC - WMO Integrated Global Ocean Services System.
6.7.5
It was also proposed that to assist in the construction of the
baseline datasets WMO target a few areas for which donor countries could be
asked to help insure a supply of expendables needed to take these observations
on a regular basis.
6.7.6
Concerning the exchange and publication of the World Weather Records,
the experts pointed out the difficulties encountered by members in providing
these data to collection Centers on a 10-year basis. The group concurred that
a major improvement in this effort would be the collection and compilation of
these records in digital form on an annual basis. This not only would improve
the timeliness of these records, but would also benefit the collection centers
and providing centers. It was further noted that the regional collection
centers should be encouraged by WMO to provide digital copies of the regional
WWR dataset back to contributing Members in a timely manner.
6.7.7
To expand on the above, monthly surface station data are of great
importance to the climate detection project, yet the world collection of these
has severe problems. In any given month many of the scheduled CLIMAT reports
are not obtained. The collection of World Weather Records Data is typically 15
to 25 years behind current time.
6.7.8
Revised procedures are needed to obtain good quality records that are
up to date.
The data record needs to include:
-

the monthly reports from CLIMAT stations-•••""
monthly data .from a selection of less disturbed stations in each
country
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6.7.9
To prepare an adequate global dataset, the following activities are
needed:

7.

-

The monthly collection of CLIMAT reports should continue, but the
reasons for poor data receipt should be analyzed.

-

There is a large loss of CLIMAT station data because a station must
report all of the variables in the format before any data can be
sent. It is suggested that the code form be rapidly changed so that
more stations can report the variables that they do observe.

-

Each country should submit a magnetic tape or floppy disks each
year that contain annual update data. The data from the CLIMAT
stations should be included on these disks, as well as the data
from the other less disturbed and WWR stations.

-

The older data from many of these stations is now either absent or
of poor quality in the existing central archives of these data.
Therefore during the first year of the project, both the annual
update and the full period of record of the station data are needed.

Lexicons

7.1
The group greatly appreciated the effort of the Second World Climate
Conference in producing a lexicon of climate change terminology. It further
suggested that the WCP encourage the expansion and enhancement of this lexicon
to clearly define items (for example: proxy data, paleoclimate data,
directory, catalog, etc.)
8.

Providing easy, inexpensive access to data (CD-ROMS, tapes, etc)

8.1
Users have had problems in obtaining access to digital data that is
relatively low in cost, and which does not require a lot of computer
expertise. There are emerging technologies such as CD-ROMS and low cost
computer tapes which make it possible to solve a number of these problems.
Once the decision to use this new technology is made the following steps are
required:
-

Decide what datasets should be included on a given media

-

Prepare a master copy and several hundred copies

-

Prepare access software that retrieves desired data

-

Prepare a short manual that briefly describes the datasets, and
gives information about the software

-

Obtain input from users of a preliminary version of the software
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8.2
One shortcoming of this technology is that there are no well-defined
and accepted formats and access software standards. The experts urged WMO to
quickly establish a structure to set such standards for climatological
datasets.
8.3
The need for an improved INFOCLIMA catalogue, improved inventories and
more rapid access to the data was stressed by the experts. With the
requirement for remotely sensed, satellite, proxy and paleoclimate data, these
catalogues, directories and inventories will be more important than ever.
8.4
The WMO INFOCLIMA catalogue was published in 1988. It will be
available on PC disks, with search tools, in early 1991. The PC disks will
include some new datasets in addition to those published. The software
requires the availability of the Dataease database management software.
8.5
Another on-line catalogue system contains summaries of datasets. It is
administered by NASA in the USA. It now contains listings for about 1,000
datasets, mostly from US Agencies and Canada. A format for the catalog
information has been developed, and there is a move to adopt it by some other
international groups.
9.

Current Status (11/90) of Constructing the Global Baseline Datasets to
Support Climate Change Detection

9.1
The expert group noted that much progress had been made in achieving
the goals and milestones of the Global Baseline Dataset project. A
comprehensive upper air dataset is being constructed, a global historical
climate network dataset is being constructed and the gather of metadata is
underway in the pilot portion of this project as described in WCDP-11.
9.2
It was suggested that WMO request the USA to permit the inclusion of
the "Pathfinder" datasets as a part of the GDBP for climate change detection.
The "Pathfinder" activity, currently underway between NASA and NOAA will
provide easy access to complete period of record satellite data via CD-ROMS on
optical disks. These datasets will include the satellite sounding instruments,
AVHRR and a subset of the GOES dataset. This vast volume of data being
combined with the in-situ datasets being developed under the Baseline Dataset
Project will meet many of the needs of the climate change detection project.
9.3
During the meeting, several participants discussed projects within
their Regions that are beginning to build regional baseline sets (e.g.
Scandanavia, Australia, New Zealand, Western Africa). The experts suggest
that the Secretariat determine where these efforts are underway and attempt to
coordinate this under the umbrella of this project.

***********************
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Appendix 7
CCDP Implementation Plan and Strategy
Outline
I. Background on CCDP
A. Definition of Project
B. Man-induced changes have already been seen
1. micro-scale urbanization
2. meso-scale megaopolis
C. Global-scale may or may not have been seen
D. Changes due to greenhouse gas increases
II. Detection of change rather than prediction of change
A. Model verification
B. Baseline Datasets
1. Regional
2. Global
C. Regional aspects and studies
D. Assessment and authoritative statement
III. Climate Change or Monitoring
A. Definition of both
B. Increase or decrease in variability
C. Change in prevailing state
IV. Strategy for developing the Climate Change Detection
Proj ect
A. Use predictions of models to determine areas of possible change
B. Improve datasets within these areas, using baseline and Normals
where available
C. Study period of record data to determine the statistical
variability and to determine if change exists
V. Implementation - 3 Phases
A. First must demonstrate success through a small study
1. Regional study in a data rich area
B. Second data component as outlined in meeting report will begin in
earnest, will be directed on a regional basis (Regional
Associations)
C. Expand to Global studies as an effort to detect climate change
VI. Timetable
A. First regional study will be available in February 1992
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Strategy and Implementation Plan
EXECUTIVE SUMMARY

The Climate Change Detection Project has been approved by EC and CCL
and an initial planning meeting has been held. The project is now in the
development and implementation stage which will include a prototype phase. The
following summarizes this plan:
1. STRATEGY
A. Encourage Regional support and participation in the project
through an initial prototype effort;
B. Use the prototype as a vehicle for training scientists from
developing countries in climate change detection activities;
C. Encourage UNEP to study impacts within the prototype area;
D. WMO needs to determine funding for the prototype;
E. Incorporate other project results (ie Global Baseline
Datasets, Historical Climate Survey, GCOS, TOGA,etc)
F. Seek longer term funding from UNESCO, UNEP and other UN
agencies;
G. Immediately appoint special Panel to guide the CCDP.
2. IMPLEMENTATION
activity

date

a.
b.
c.
d.
e.

Formation of Panel
May 1991
Panel's first meeting
July 1991
Selection of areas for prototype
July 1991
Build area datasets
Oct 1991
Begin the Climate Change
Information System
March 1991
f. Statistically define climate
in the prototype areas
Nov 1991
g. Impact assessments of prototype
areas completed
Nov 1991
h. Preliminary analysis of results
from prototype areas
Dec 1991
i. Completion of diagnostic and
impact prototype areas
Jan 1992
j. Panel's 2nd meeting
Mar 1992
k. WMO review of prototype assessment
Apr 1992
1. Complete the Information System
Jun 1993
m. Building of Global Datasets for
continuing
climate change detection
(prelim may 92)
n. Incorporate proxy data into baseline continuing
o. Assessing the global climates
Biannually
starting in 93
The narrative discussion of these activities can be found in the
detailed plan on the following pages.
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Implementation Plan and Strategy for
the WMO Climate Change Detection Project

I. Background of the Climate Change Detection Project
The WMO Commission for Climatology initiated a CLIMATE CHANGE
DETECTION PROJECT (CCDP) at its tenth session held in Lisbon in April 1989.
The EC-XLI welcomed the initiative of the Commission and concurred with the
general concept of the CCDP. The Commission expressed its desire for the
project to be a worldwide effort, primarily through Meteorological Services,
to provide reliable analysis of climate trend and variability and to routinely
provide an authoritative evaluation of the state of the climate for decision
making purposes.
The Project is a natural extension of the ongoing Climate System
Monitoring Programme and fulfills a current need by countries for answers to
important national and international concerns. The primary difference between
the CSM and CCDP project is the CSM is searching for deviations from the mean
and their normal variances, while the CCDP is attempting to determine
deviations of the mean and other statistics.
The basic question that policy makers desire to have answered is
whether or not man has influenced the climate enough to have induced climate
change. The answer is obviously yes (at least in some respects)!
Urbanization has altered the micro-scale climate to a great extend as has been
demonstrated in many scientific studies from around the world. The paving of
parking lots, building of houses and buildings, the use of land for
agriculture, etc. have all played a role in these small scale changes. In
many areas of the world these man-made changes are on a much larger scale,
involving hundreds or thousands, of kilometers. An often sited example is the
megapolis effect along the east coast of the USA from Richmond, Virginia to
Boston. Throughout this area, man has dramatically altered the land use and
the flow of air over and around the large population centers, thus altering
the local climates where many people live and work. Considering the macro or
global scale of man-induced climate change, the scientific community is unsure
whether or not climate change has occurred. Certainly man has influenced his
climate, but whether or not this influence has been severe enough to have
produced a global climate change still cannot be determined. The
Intergovernmental Panel on Climate Change (IPCC) has concentrated on the
affects of increased greenhouse gases and has stated essentially the same
results; the evidence is not conclusive that the model predicted climate
change has occurred.
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II. Detection of Change rather than Prediction of Change
After considerable research and effort several of the worlds leading
scientists have determined that the 1980's were the warmest decade on record
and that the global temperature increased by .3 to .6 degrees centigrade
during the past 100 years. This is extremely important from a global
perspective, but Members and individuals who are concerned with detecting
climate change are most concerned with the local and/or national aspects of
climate change. Thus, it is extremely important to address this issue and
keep the regional and sub-regional detection effort the main thrust for this
project.
A variety of climate studies have predicted climate change will result
from man's activities and influence on the environment. Some of these
predictions have resulted from General Circulation Model results, while others
have been from inductive (or deductive) reasoning. Predicting climate change
and actually detecting the change require different efforts. Models and model
outputs are used to predict while the historical data (used as a baseline) and
the current observations are used to detect climate change.
As defined in the CCDP planning documents the effort to detect climate
change entails:
1.
2.
3.
4.

Model verification;
Baseline dataset fabrication;
Regional and sub-regional studies;
Assessments and Authoritative statements.

Model verification is necessary so that the scientist can anticipate
the climate change signals and where to look for this climate change signal.
The model verification will most likely be a difficult and time consuming
effort. The climate models generally require large computers and consume vast
amounts of computer time to run. Once the models are run, the verification of
the model results can only be done based on actual observations. Thus, the
models should be initialized with data from the past (5, 10, or 20 years ago)
and run through time to the current date so that truth exists (current
observations) to verify the models. There are currently several efforts
underway around the world and within the WCRP to do this. The CCDP will not
duplicate any of these efforts, 'but only keep abreast of them and use their
results.
The building of baseline datasets for in-situ data (high quality,
period of record datasets) is currently underway under the auspices of the
WCDP Global Baseline Dataset Project. This effort is documented in WCDP
Report No. 11. These baseline datasets are global in scope. In addition, the
CCDP will require high density baseline sets that are regional or subregional in scope, because many of the anticipated climate changes will be
most easily identified on a sub-regional scale. These (sub-regional) sets can
and should be completed on a national or Regional basis rather than from a
centralized global perspective.
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III. Climate Change or Monitoring
There is a fine and often unclear line between climate monitoring and
climate change detection. Climate monitoring efforts are limited to
investigating and identifying anomalies from the defined prevailing climate,
while climate change detection is aimed at determining a change in the
prevailing climate. Both efforts are and will remain necessary, but are not
mutually exclusive. Anomalies must be identified and categorized as being
within or outside of the prevailing climate and outside the "noise" associated
with the long time-series of the climate. Once this is done, these anomalies
may be used to detect climate change through statistical studies.
In any climate change detection effort, the first step is to
statistically define the climate. Since climate change could be a change in
the normal conditions or could be a change in the variability of the climate,
a statistical analysis of the time-series is essential for detecting climate
change. For the detection effort, the defined climate area should be bounded
by both area and time. The area can be limited by the model determined most
susceptible (likely to experience change) areas of the globe. The time period
on which to define the climate should be the entire period of record for the
area.
IV.

Strategy for developing the Climate Change Detection Project

The original concept for the CCDP was that it would be the vehicle for
the WMO to make an assessment and authoritative statement on the state of the
climate. The CCDP will initially concentrate on Regional and sub-Regional
aspects of climate change. This portion can be considered a prototype for the
larger global project that will follow. First the climate will be defined
within selected areas. The areas will be selected based on the climate model
predicted most susceptible areas, then further narrowed by choosing only those
areas that are data rich. Once the area has been selected, the climate will be
defined by fabricating the best possible dataset. Since the area will be
sufficiently small, the effort in improving, quality controlling and filling
in the gaps will not be a more manageable task. This effort will include
upper air data as well as surface data, but for the WMO portion of the project
only meteorological and sea surface data will be considered. The
meteorological Normals that have been produced throughout the history of each
station will be evaluated for changes and used in producing a time series of
the data. Finally from this dataset, the climate will be statistically
defined. The intent is to use these studies to encourage Regional support and
participation for the project and to rapidly demonstrate success in completing
a study. The prototype can also be used as a training vehicle for the
developing countries within the study area. Meteorologists from the Member
countries will be invited to lead or participate in the complete study.
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However, during these initial phases of the project the global baseline
dataset portion will continue. During the initial phase of the project the
effort will involve the various Regions and will narrow the apparent scope
from global to Regional. Also, during the prototype, WMO will have sufficient
time to encourage UNEP under the WCIP and their other projects to study the
impacts to the economy (ie agriculture, forestry, water management, etc) of
these prototyped areas. Thus the outputs from the prototype can be directly
used by Members within the region of study for decision making and planning.
This phase of the project should be developed rapidly, so as to be prepared to
provide an assessment of the state of the climate within the prototyped areas
for the UNCED meeting in June 1992. The WMO can use the output from this
meeting to demonstrate the benefits of the CCDP to all the Members as well as
to the other UN agencies.
The full project will use the efforts currently underway in the WCDP
Baseline Oataset Project. This effort will have global datasets (both upper
air and surface) which will be completed within the next five years. Studies
need to begin now on how to best incorporate proxy data into the definition of
the various climate regines. The results of the project will enhance and
provide a basis for the global studies necessary for the entire CCDP.
However, the Regional aspects and training portions of the project must
continue in order to ensure full participation by all Regions and most
importantly both the developed and developing countries.
Initially the WMO must wholly fund this project, either through the
regular budget or through the Special Climate Fund. At the same time
proposals should be written to UNESCO, UNEP and other UN agencies for
additional financial and scientific expert support Support from Members
should be sought through activities such as dataset preparation, scientific
studies, impact assessments and secondments for planning and analysis work.
Immediate attention at the Secretariat should be directed to arranging a
meeting of experts (Panel) and on establishing the information system as
discussed at the Canadian CCDP Expert Meeting (as described in WCDP-Report
No. 12). The completion and maintenance of the information system should not
be undertaken at the Secretariat, but a Donor should be sought for this entire
task.
Members must be continually reminded that the CCDP is not a short-term
project. It is ongoing, with only initial limited results and assessments
being completed in the 2 year period. Global data and research summaries will
be completed concurrently with the regional work. Thus, attempting to
maintain interest in the global effort throughthe smaller scale regional work.
Implementation
The CCDP will be an on-going project, that will place the WMO in the
forefront of the global efforts to detect climate change. The project can
meet its primary objective of providing regularly updated estimates of climate
change on a global and regional basis, and an assessment of the relative
importance of these changes. But, it must be realized that the most difficult
phase of any project is the implementation phase. This is especially true for
a project as controversial and complex as the CCDP.
Using the strategy outlined above, the following list itemizes the
activities necessary to fully implement the CCDP project:
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Selection of areas in the prototype;
Building area datasets;
Statistically defining the climate of the area;
Determining and studying impacts on areas;
Assessing (detecting) the area climates;
Provide training on methods of detecting climate change;
Building Global datasets;
Utilize proxy data in defining the climate;
Assessing the global climates;
Complete the climate change information system.

Obviously, many of these steps will need to run concurrently. Number 7 is
presently well underway for in-situ data. It needs to be expanded to include
remotely sensed data, to do this the Secretariat should seek a Member to
donate this effort much as has been done for the in-situ data by the USA.
Items 2, 3, and 4 above are dependent on item 1 being accomplished. Item 1
requires a scientific effort to be completed by the CCDP Panel.
The establishing of a CCDP Panel is the most critical step in
implementing this project. The Panel must be high- level and be composed of
highly respected scientists from around the world. The Panel should consist
of a 12 to 15 member core group with additional members seconded, as necessary
from specialty areas. The Panel should have representatives from:
1.
2.
3.
4.

Major climate Analysis and Data Management Centers;
Equitable geographical and special interest groups;
Major international observing and research programmes;
The Commission for Climatology.

The Panel should have the status of an EC Panel and should meet at least twice
prior to the release of its first area/regional assessment. Much of the
group's work would be done through correspondence and sub-group meetings with
the assistance of consultants. The initial meeting should be scheduled
urgently (by June 1991) with the objectives of choosing the areas to be
studied, selecting the scientific team to lead the study, and defining the
economic sectors to be studied (patterned after the "MINK" project recently
completed in the USA). The "MINK" project studied various sectors of the
economy by using models (agriculture, forestry, and live stock) for a small
area of the USA to predict changes in the economy based on various anticipated
changes in the prevailing climate. Further work that needs to be undertaken
either at the first or second meeting of this Panel is to identify global and
regional sources of climate-related information, develop comprehensive lists
of individuals or groups to work on the CCDP, and to solicit commentaries on
climate change issues.
The second meeting (February 1992) should concentrate on reviewing the
results of the area studies and on writing the UNCEN assessment report.
Future meetings should be held at least every year to guide the CCDP effort
and to expand its areas of interest. In addition, the CCL Advisory Working
Group should serve as the overall advisor and coordinator of the project.
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Considering the longer term of this project, unprecedented
coordination will necessitate full use of the WMO system. For the Panel and
the various scientists to have access to the necessary information for its
assessments, it will be essential for the infrastructure of operational
climatology to be substantially strengthened. In particular, to underpin this
work there is a need for:
1.

Development of a Global Climate Observing System (GCOS) as
outlined at the Second World Climate Conference;

2.

Strengthening of the capabilities of global and regional climate
centers to support major data management projects and provide the
essential routine analyses of the climate system;

3.

Strengthening of national climate programmes;

4.

Regional initiatives for compiling baseline climate datasets,
monitoring the climate system and performing regional climate
analysis must be supported;

5.

The full support of WMO Members.

Specifically, the following schedule should be followed to ensure the
prototype phase of the project is successful:
ACTIVITY
Formation of Panel
Panel's first Meeting
Preliminary analysis of results
Completion of Diagnostic Studies
Completion of Impact Studies
Panel's second meeting
WMO review of prototype assessment
Release at the UNCED

DATE
May 1991
June-Sept 1991
December 1991
January 1992
January 1992
March 1992
April 1992
June 1992

Following this prototype activity, the efforts will emphasize the global
aspects of detecting climate change, but will continue regional work along
with the training of scientists from developing countries. The training
aspect of this project is extremely important; it will ensure full cooperation
of all Members in the future work of the CCDP. It is not intended to organize
formalized training courses, but to involve scientists from developing
countries in all aspects of the scientific assessment. Through this effort
the scientist will observe and work with the world's most advanced analysis
and statistical technigues for detecting climate change.
As stated above the CCDP will not duplicate activities of other
projects, but will keep abreast of and usé the results of many other WMO, WCP,
and other Member and UN agencies projects involved'in the general subject of
climate and.climate change. One of the most beneficial concepts that will be
developed for. the CCDP will be the Climate Change Information "System. A donor
Member will be sought to assume responsibility for the development to this
system. The information system will be user friendly, automated, and updated
in an operational fashion. It will include as a minimum:
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1.

A facility for easy communication between the various scientists
and organizations working on the project;

2.

Schedules and summaries of CCDP related meetings, training
seminars, etc.;

3.

Synopsis of climate change research work and a list of scientists
area of expertise in climate change;

4.

Status of Global Baseline Dataset development,

5.

Subsets of the INFOCLIMA catalogue;

6.

A Climate Change Detection Project Lexicon;

7.

Status of CLICOM installations with summary inventories of data
availability;

8.

Climate System Monitoring Summaries;

9.

An inventory with description of various proxy datasets.

The construction of this Information System has already begun,
increased effort is needed along with finding a donor to assist the
Secretariat. The Information System should be fully operational by June 1993.
Based on the prototype, future efforts in the CCDP will work toward
more comprehensive assessments of the state of the globalelimate, while
continuing the regional aspects of the project. Training activities should be
aimed at improving the knowledge and understanding of scientists in developing
countries concerning all aspects of statistical and meteorological analysis
for the detection of climate change.
Following the initial two years of this project, the CCDP will
directly incorporate (as much as possible) the results of:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Data Rescue Project;
Climate System Monitoring Project;
CLICOM;
Climate model outputs and predictions;
Improved climate data through the WWW;
The new data from the GCOS;
TOGA, WOCE, GOOS, GTSPP, and GPCP , etc;
Global Baseline Dataset Project;
Improved satellite climate datasets;
Proxy datasets and analysis.

These and many other activities, as outlined in the Report of the
Meeting of Experts on the CCDP (WCDP-No.12), will be continually reviewed by
the Secretariat and the CCDP Panel for relevancy and how to best use their
results in the detection effort.

Appendix 7 P.10

In summary, the CCDP will involve 4 aspects; data, information,
training, and analysis for the detection of climate change. The results from
many current projects and programs (ie. Global Baseline Datasets, Climate
System Monitoring, IPCC reports, etc.) will be incorporated in this project so
as to eliminate the chance of duplicate efforts. The project will initially
concentrate on selected prototype areas while maintaining sight of the
longer-term global efforts.
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