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PREFACE

At the meeting of the CCI Working Group on Climate Data from November 11 to
15, 1991 in Geneva, members of the Working Group agreed to submit their
reports to the president at least nine months prior to the Eleventh Session
of the Commission for Climatology. From their reports, I was able to prepare
my final report and submit it to the Secretariat for consideration as a CC1-XI
document.
Because the full text of the rapporteur's reports would not
normally be available to the Commission and for many others who would not
receive Commission documentation but who have a keen interest in the progress
being made in climate data management, it was decided to collate these reports
together with my report and submit the volume to the Secretariat for
consideration as a publication in the World Climate Data and Monitoring
Programme Report Series.

The reports have been reformated as required but without editorial revision
by me or by the WMO Secretariat. It is hoped that these reports will serve
as additional supporting documents for members attending CC1-XI in February
1993 and for others interested in climate data management.

On a personal note, I want to sincerely thank members of the CCI Working Group
on Climate Data for their continuing support and sound advice over the past
nearly four years.
Their interest and untiring efforts have enabled the
Working Group to achieve many of its objectives and to recommend several
actions for the Commission to consider in directing its future work program.

Dr. D.K. Dawson
Chairman
CCI Working Group on Climate Data
November 1992
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REPORT OF THE CCL WORKING GROUP ON CLIMATE DATA
D.K. Dawson
Atmospheric Environment Service
Downsview, Ontario, Canada
and
Chairman CCI Working Group on Climate Data

INTRODUCTION
At its tenth session, members of the Commission for Climatology strongly urged
the re-establishment of the CCI Working Group on Climate Data.
It was
recognized that more than ever, high resolution, high quality and timely
climate data are critical to improving our understanding of climate and
climate change and for decision making in a wide variety of economic, social
and environmental pursuits. However, advances in our understanding of climate
is still constrained by a host of data problems, including, sparseness of
networks, programme
interruptions/changes,
inadequate
documentation,
incompatible formats, and missing values. When members of the Commission reestablished the Working Group, they recognized that continued coordination of
data management practices would substantially improve both the effective and
efficient utilization of climate data.
In re-establishing the Working Group on Climate Data, the Commission appointed
Dr. D. Kirk Dawson (Canada) as chairman and Rapporteur on Climate Data
Management with responsibilities for liaison with other WMO Commissions and
with the EC Panel on Satellites.
The Commission further selected the
following experts to serve on the Working Group:
K. Hadeen (USA), Rapporteur for the Development of Global and
Regional Baseline Data Sets;
R. Heino (Finland), Rapporteur
Climatological Stations;
W.R. Kininmonth (Australia),
Monitoring (CSM);
V. Vent-Schmidt
INFOCLIMA;

on

Network

Rapporteur

on

of

Reference

Climate

System

(Federal Republic of Germany), Rapporteur on

M. Kadi (Algeria), Rapporteur on Data Management in Developing
Countries and Data Rescue;
V.T. Radyukhin (Russian Federation), Rapporteur on the Data
Quality Control and Processing of Data from Automatic Stations;
P.M. Gwage (Uganda), Rapporteur on the CLICOM Project.
In 1991, at the request of the Working Group chairman, the president of the
Commission, in conjunction with the president of the Commission for Basic
Systems (CBS) appointed two additional rapporteurs to liaise between the CCI
Working Group on Climate Data and the CBS Working Group on Data Management.
The two rapporteurs who joined the working Groups as full members were:
J. Laver (USA) and A. Kellie (Canada), Rapporteurs on Data
Management Issues with CCI and CBS.
In re-establishing the Working Group on Climate Data, the Commission
formulated the following terms of reference:
(a)
to draft plans for the implementation of a global network of
climatological stations including Reference Climatological Stations (RCS);

(b)
to review existing and to recommend new criteria for the quality
control of data for research and applications including data from automatic
stations;
(c)
to review data processing and quality control procedures involved
in the conversion of manually operated stations to automatically operated
stations;
(d)
to prepare and update guidelines on data-management techniques to
assist developing countries and climate data centres to upgrade datamanagement procedures and to review the implementation of those guidelines;
(e)

to prepare guidelines on the management of remote sensing data;

(f)
to co-ordinate activities on climate data management with the
chairmen of the regional working groups on climate data management;
(g)
to advise
implementation;

on

the

Data

Rescue

project

and

pursue

its

(h) to continue providing guidance on the incorporation of additional
data categories, catalogues and inventories into INFOCLIMA and advise on how
best to automate it for CLICOM utilization;
(i)
to recommend guidelines
development of the CLICOM project;
(J)

to

for

the

sustainable

and

orderly

provide guidance for the Climate System Monitoring project;

(k)
to co-ordinate the preparation and maintenance of global and
regional climate baseline data sets containing both land and ocean
observations;
(1)
to oversee procedures for the determination of standard and other
normals, and for homogeneity of data;
(m)
to review requirements and data-management procedures to keep pace
with the technological advances foreseen in the WMO Second Long-term Plan;
(n)
to provide liaison between the CCI data activities and those of
the other WMO bodies.
SESSION OF THE CCL WORKING GROUP ON CLIMATE DATA
The CCI Working Group on Climate Data held its second session in Geneva from
11 to 15 November 1991 to review and analyze progress in WMO activities
related to climate data. Among the topics discussed were: CLICOM, Data
Rescue, climate data monitoring, CLIMAT reports, INFOCLIMA, global baseline
data sets, standard normals, support to Members in improving climate data
management, automatic observing stations, and the Guide to Climatological
Practices.
The meeting report of the Working Group was distributed to
Members.
OTHER MEETINGS AND CONFERENCES
During the intersession leading up to CCl-XI, the chairman and rapporteurs of
WGCD attended several expert meetings and conferences where climate data and
monitoring activities were discussed.
Among the meetings were regular
sessions of Executive Council, Cg-XI and the Second World Climate Conference.
The following paragraphs summarize the outcome of other meetings of special
interest to the WGCD.

Global Baseline Data Sets
An experts meeting was convened in January 1990 in Asheville to define global
baseline data and recommend the project design and methodologies. Basically,
the goal of the project is to construct global data sets as "official" data
sets for global climate change studies and develop guidance for the
preparation of metadata - historical information about observing stations and
instrumentation. This effort forms an integral part of the Climate Change
Detection Project, and a basic input to the monitoring of climate anomalies.
Climate System Monitoring Biennial Review
Several members of the Working Group on Climate Data met in Helsinki in August
1991 with other experts to begin preparation of the latest edition of the WMO
Climate System Monitoring Biennial Review: December 1988 through to May 1991.
The report was issued in the last half of 1992. It is the fourth in the
series beginning in 1982 designed to provide Meteorological Services with
information about the state of the climate system. In particular, it presents
a review of significant climate events, and a description of large-scale
atmospheric and oceanic anomalies of regional and global consequence.
Global Climate Observing System
The chairman of the WGCD attended a planning workshop in January 1991 at
Winchester, U.K. organized to develop the Global Climate Observing System
(GCOS) concept. The Experts viewed the GCOS as having a significant role in
the observation, understanding and prediction of the global climate. They
recognized that no single organization had the breadth of expertise to design
and operate the GCOS. Consequently, the workshop recommended that WMO, IOC and
ICSU jointly establish the necessary steering committee and establish a
Secretariat to build upon systems and programmes in coordinating the plans and
activities of GCOS.
The
group also recognized the need for close
coordination in the planning and development of GCOS with the Joint Scientific
and Technical Committee of GCOS (JSTC) and WMO technical commissions, its
regional associations and National Meteorological and Hydrological Services.
Climate Change Detection Project
The Chairman and three WGCD rapporteurs participated with more than 25
international specialists in the inaugural meeting of the Climate Change
Detection Project (CCDP) in November 1990 at Niagara-on-the Lake, Canada. The
project, first recommended by CC1-X, is a worldwide effort to collect more
climate data with well-documented station information (metadata) and process
them using uniform procedures so that eventually more reliable analyses could
be made of climate
trends and variability.
From this effort more
comprehensive and reliable analyses of global and regional climate change
could be made using the most complete data set available.
The meeting of experts in Niagara-on-the Lake noted the need for a concerted
effort to integrate quality controlled, homogeneous data from various
scientific disciplines into a climate data base which will be accessible
through modern information processing systems. They also recommended regular
authoritative reports on the interpretation and applicability of data bases
for the detection of climate change on global and regional scales. Further,
they called for coordination between climate modellers, researchers and data
managers for the realization of project goals. A strong requirement was the
participation of developing countries and the establishment of a training
mechanism to allow scientists from many countries to participate.
The report of the meeting and its recommendations appear in WCDP-No. 13. In
responding to the recommendations, Cg-XI approved the establishment of the
CCDP and endorsed a proposal to form a WMO Climate Change Detection Panel.
Resolution 5 (EC-XLIII) requested the president of CCI to establish such a
panel as the CCI Working Group on Climate Change Detection to serve as an
advisory body to the EC through the CCI on activities related to the detection
of climate change and to submit annual reports as requested by Congress.

Climate System Monitoring Information
A two-day experts meeting on Climate System Monitoring Information was held
in Geneva on 7-8 November 1991. The full report and recommendations of this
meeting appear in WCDMP-16.
CLIMAT Code Adaptation
A meeting of experts was convened in Geneva on 5-6 November 1991 to study
potential adaptations of the CLIMAT code. The full report and recommendations
of the expert meeting appear in WCDMP-15.
LIAISON BETWEEN CCL AND CBS
Through the combined efforts of the Secretariat staff and several experts
associated with the CCI Working Group on Climate Data and the CBS Working
Group on Data Management, significant progress has been made during the
intersession in the compilation and transmission of climate data and related
information over the Global Telecommunication System. An opportunity was
taken at EC-XLIV in 1992 to convene an informal meeting with the presidents
of CCI and CBS, the Secretariat and the chairman of the CCI Working Group on
Climate Data in order to discuss progress and further joint action in the
following areas: changes to the CLIMAT code, dissemination of monthly climate
anomaly information in near real-time, and the monitoring of CLIMAT reports.
CLIMAT Code Adaptation
CLIMAT is the meteorological coded report of monthly means and totals for a
land surface station. The code has been in existence since 1935, without
change, when the International Meteorological Organization agreed that mean
monthly values of the main climatological elements at certain stations around
the world should be exchanged between Meteorological Services. The existing
code has served well but because of the enhanced interest in climate and
climate change and of advances in technology, it was timely to add new
parameters and bring the format into line with more recent improvements to
other codes. At CC1-X, members recognized the need to modify the CLIMAT code
and to increase
the density of CLIMAT-reporting stations such that every
250,000 km2 is represented by at least one and up to ten stations.
An expert meeting on CLIMAT Code Adaptation met in November 1991 to consider
revisions and augmentation to the CLIMAT code. Their recommendations were
presented to and adopted by the Working Group on Climate Data the following
week in Geneva.
Among the highlights of the recommendations were the
following:
i)

retaining all information in present code, and

ii)

adding monthly mean maximum and mean minimum temperatures;

iii) variances of daily mean temperatures for each month;
iv)

number of days missing from the records used to calculate monthly
means and totals;

v)

adding group identifiers;

vi)

adding another digit to sunshine percentage;

vii)

including a normals period indicator;

viii) additional "days-with" and summary information.
Code modifications were endorsed by the CBS Sub-Committee on Urgent Code
Matters meeting from 15-19 June 1992 in Geneva. Additional revisions were
offered, subsequently approved by the president of CCI, and submitted to CBSXI in November 1992.

Transmission of Climate Anomaly Products
At CC1-IX and CC1-X, the Commission sought ways to improve the timeliness of
climate anomaly information and special advisories of significant global and
regional climate events, such as El Nino. One method suggested was to
transmit climate anomalies and related information via the WWW. An Experts
Meeting on Tracking and Transmission of Climate System Monitoring Information
(Geneva, 7-8 November 1991), which comprised experts from CCI and CBS,
discussed the feasibility of distributing information on anomalies in text
format and graphic charts as climate bulletins in real-time or near real-time
on the GTS. The presidents of CBS and CCI agreed to work together to transmit
the first operational climate anomaly product (as opposed to climate data) on
the GTS, as soon as the information becomes available. At present, the
CCl/CBS rapporteurs are investigating the feasibility of distributing
anomalies information in text format and graphic charts as climate bulletins
on the global GTS. The pilot project will also look into the feasibility of
distributing current climate data and products via MDD facsimile-type
transmission, WEFAX satellite transmission, other facsimile services that
require a PC with a FAX board and sufficient disk storage; and a climate dialup service such as INTERNET. More work on the transmission of climate anomaly
products should be carried out during the next intersession. There is every
indication that in the future WWW/GTS will carry climate advisories and
operational climate products with the same priority and timeliness as weather
information is transmitted.
Collection, Transmission and Tracking of CLIMAT Reports
The monitoring of CLIMAT reports in near real-time is a more complex and
difficult matter, but the Experts Group on Tracking and Transmission and the
presidents of CCI and CBS agreed that every effort should be made to monitor
such reports on at least a trial basis for certain areas of the world. A
particular problem is that GTS centres are generally unable to store messages
for a period of more than 24 hours, which means that it is difficult to
request re-runs of missing CLIMAT reports via the GTS. Some progress can be
reported by the rapporteurs on CCl/CBS data matters in planning and
implementing a monthly quality assurance and tracking program, together with
procedures for recovering missing data before the end of the month in
question. Only the concepts of the demonstration have been framed, and
consultation is ongoing. Conceptually, the idea consists of an organized
demonstration of a monthly quality assurance program for climate data. The
one-year pilot project would run from 1 July 1993 through 30 June 1994 and
would include counts of CLIMAT and CLIMAT-TEMP reports received by the 10th
of each month by station, country and region. Procedures must still be
developed that track down and request re-runs of missing data before the end
of the month in question. It is seen that these measures will significantly
increase the number of CLIMAT reports above the number currently received,
which is about 60% of total worldwide.
CLIMATE SYSTEM MONITORING PROJECT
The Climate System Monitoring (CSM) project of the WCDMP was initiated in 1984
in response to the occurrence of significant climate system anomalies. CSM
is designed to provide Meteorological Services and other national and
international organizations with synthesized information on the state of the
climate system and on insights into significant anomalies of regional and
global consequence.
The CSM project has manifested itself through the publication of the WMO
Climate System Monitoring Monthly Bulletin, now into its 10th year, and the
production of four biennial reviews of the global climate system covering the
years 1982 to 1991. The latest edition of the Biennial Review was published
late in 1992.
The Biennial Review has gained wide international and scientific acceptance
of the importance of understanding and monitoring the global climate system
and should be continued.

In his review of the CSM Bulletin, the rapporteur concluded that it could
better serve the needs of its users if the timeliness of the serial could be
improved. The delay before the Bulletin is available is generally of the
order of four months and often longer. Of course, the more quickly Members
could provide the Secretariat with contributions, the more quickly the CSM
Bulletin can be issued. The development of an electronic distribution system
will improve the timeliness of climate system monitoring products and add
greatly to the value of this information for various applications. It must
be recognised, however, that the technical infrastructure of some developing
countries will not support the emerging information processing and
dissemination technologies. This is not a reason to constrain development,
but more a reason for WMO to encourage assistance from donor countries for
upgrade of the infrastructure. In addition to the timeliness, it is important
to continue to review its content and format. Containment of costs associated
with the CSM Monthly Bulletin remains a priority. A proposal to reduce the
number of copies produced and to introduce a subscription charge as a means
of cutting costs is likely to be counterproductive. Such proposals should not
be implemented before a survey of Members is carried out.
REFERENCE CLIMATOLOGICAL STATIONS
With the growing interest and importance of climate change, the importance of
reference stations has increased in recent years. In 1990, in response to
Resolution 3 (EC-XLI), a questionnaire was sent to Members in order to get
information on the status of their RCS network, as well as on the need for a
government level international agreement on the protection of reference
climatological stations. As of July 1992, 75 countries had responded to the
RCS questionnaire.
Many countries sent only a list of their long-term
climatological stations, whereas, other countries sent lists of those stations
meeting the recommended criteria for RCS stations. More clarification and
discussion is needed in order to identify which stations correctly meet the
recommended criteria.
WMO should continue to give high priority to the development of a hierarchy
of national, regional and global stations that constitute a world-wide network
of Reference Climate Stations. Members should be encouraged to consider
providing direct assistance to countries in selecting and evaluating candidate
RCSs and in advising on ways of preserving the data and protecting the station
from encroachment.
GLOBAL AND REGIONAL BASELINE DATA SETS
CCl-X called for the assessment of global and regional data sets and data
banks to ascertain exactly what was currently available. In response, an
experts meeting was convened in January 1990 in Asheville to recommend the
project design. Basically, the goal of the project is to construct global
data sets as "official" data sets for global climate change studies and
develop guidance for the preparation of metadata - historical information
about observing stations and instrumentation.
Significant progress was made during the intersession on developing formats
for metadata and the assessment of the following baseline data sources: COADS,
CLIMAT and CLIMAT-TEMP networks, from the Monthly Climatic Data for the World
(MCDW) and World Weather Records.
Progress was also achieved on the preparation of gridded climate data sets
(GCDSs). Specific proposals for the development of GCDSs and for the creation
of several algorithms for evaluating interpolation and statistical methods was
proposed. Gridded data can be a very effective way to integrate information
from various sources such as upper air soundings, aircraft observations and
satellite-derived information. Such an effort to complete and archive gridded
data sets will require an enormous commitment over the next five to ten years
and should be vigorously pursued.

Also important for future action is the development of archiving standards and
formats for baseline data sets and merged land and ocean observations. It is
also important to establish a data set certification process through peerreviewed reports.
DATA MANAGEMENT IN DEVELOPING COUNTRIES AND THE WMO DATA RESCUE PROJECT
In most developing countries, there are several encouraging signs in the
improvement of climate data management practices. Particularly notable is the
ongoing process of installing and implementing CLICOM systems in all regions,
as well as the data rescue project (DARE). However, insufficient funding of
data management and climate services and insufficient staff and inadequate
training remain major problems in most countries.
The Data Rescue (DARE) Project which is aimed at assisting developing
countries in the management, preservation and use of climatological data in
their own territories has now reached nearly 30 Member states within Region
I. Millions of manuscript records have been saved thanks to the financial and
technical support of the International Data Rescue Co-ordination Centre (IDCC)
in Brussels. Other countries, such as Canada and Finland, are actively
pursuing DARE activities in RA IV.
The concept of regional data centres needs more active consideration. These
centres could, for example, assist in the management of CLICOM (see concept
of CLICOM Area Support Centres below) and DARE, coordinate data collection and
processing activities, promote international data exchange, act as data
storage centres, and train specialists in data management.
THE CLICOM PROJECT
The CLICOM project continues to provide WMO Members with computer systems that
perform nearly all the functions of a traditional climate data centre. Over
100 Members have CLICOM systems and 85 countries are regularly using CLICOM
to create climatological data archives. Despite the clear success and rapid
progress in the installation of CLICOM systems, there exists several
continuing and pressing problems, namely, training, equipment maintenance,
updating software and upgrading computer hardware.
The training component continues to be crucial to the success of the CLICOM
project. Of immediate concern is the need to ensure follow up training to the
countries which will update their CLICOM software to version 3.0. Ideally,
CLICOM training sessions should be up to two months duration for the beginner
and three weeks for advanced training after students become more familiar with
the system and could bring their own data examples. Of special importance is
the need to build training infrastructure with developing countries or in subregions so that expertise could be within reach.
Other concerns relating to CLICOM are the provision of replacement parts,
regular maintenance and upgrades of computer processors.
Many of the
originally installed CLICOM systems have processors which are now well behind
the state-of-the-art systems. The CLICOM Area Support Centre concept, which
EC-XLIV re-affirmed, needs to be vigorously pursued. Important functions of
the Area Support Centre Concept include training, replacement parts on demand
and upgrading of systems.
INFOCLIMA
INFOCLIMA provides information about the existence and availability of climate
data and climatological networks all over the world. It has proven to be an
extremely valuable tool for a wide variety of climate data users including
scientists in the global change research community.
The last update to
INFOCLIMA was in 1989 when a 500-page volume contains more than 1,000 data set
descriptions from 268 data centres in 112 countries was prepared. Also

8
released, in 1992, was an updated supplement of the INFOCLIMA-catalogue of
climate system data sets.
During the intersession, a start was made on converting the INFOCLIMA
catalogue to a computerized Database Management System (DBMS) using the
DATAEASE commercial package. This involved some re-design including the
expansion of the number of parameters and some sub-categories within the
present catalogue. In an effort to tie this to CLICOM, INFOCLIMA information
will eventually be made available on diskettes to all CLICOM users.
Another important development that emanated from an Experts Meeting on
INFOCLIMA and Reference Climatological Stations in Offenbach in September
1992, was a recommendation that Members should prepare, where it has not
already been done, national climate data catalogues to include information on
data set descriptions, station descriptions, listings of climate-related data,
publications and products, and availability of data sets.
DATA QUALITY CONTROL AND PROCESSING OF DATA FROM AUTOMATIC STATIONS
Close cooperation exists between CCI and the Commission for Instruments and
Methods of Observation (CIMO) in developing generalized requirements for
surface meteorological observations and accuracy specifications for automatic
instruments currently available for automatic meteorological stations (AMS).
Many national meteorological services have moved in recent years in the
direction of automated electronic instrumentation. These changes pose risks
for the integrity of a country's climate data base. The new systems may not
behave in a manner similar to the previous systems. There appears to be a
real possibility that this change in instrumentation will result in changes
in the measured mean temperature at many of these sites. This will complicate
future attempts to detect climatic change. It is recommended that Members
undertake a comprehensive, objective comparative test of these different
systems under a wide variety of climate conditions. To ensure that the
continuity of climate is maintained, it is further recommended that parallel
manual and automated observations be continued until it is determined that
relationships can be accounted for.
GENERAL RECOMMENDATIONS
The Commission in invited to consider the following general recommendations:
1.

Adopt a resolution re-establishing a working group on data by merging
the Working Group on Climate Data and the Working Group on Climate
Change Detection into an expanded but streamlined Working Group on Data
and Climate Change Detection (WGDCCD) with a chairman and two vicechairmen. One vice-chair would have responsibilities for coordinating
the work of those rapporteurs with terms of reference for the
establishment of baseline data sets, for evaluating the homogeneity of
records, for reconstructing records taking account of earlier observing
methodologies and for a range of issues relevant to the historical
climate record and for the validation of model predictions. The other
vice-chairman would coordinate the work of rapporteurs having terms of
reference for more traditional data areas such as: climate monitoring,
evaluating reference climate stations and data management.

2.

Adopt a resolution
Monitoring and Global
responsibilities for
Working Group on Data

to re-appoint Rapporteurs on Climate System
and Regional Climate Data Sets (with additional
reference climate stations) as members of the
and Climate Change Detection (WGDCCD).

Re-appoint rapporteurs on INFOCLIMA, DARE, CLICOM, automated data
stations, and remote sensing with links to the WGDCCD through
correspondence. .
Re-appoint a rapporteur with responsibilities to CBS.

3.

Appoint a rapporteur for gridded data sets with responsibilities to
recommend activities related to the preparation of gridded climate data
sets, including derived parameters that are not directly measured with
current observing techniques.

4.

Appoint a rapporteur for the Global Climate Observing System (GCOS) in
order to advise the president of CCI on the GCOS and to pursue its
development and implementation.

5.

Note and act on all relevant CBS resolutions on proposed modifications
to the FM 71-VI CLIMAT Code and the implementation of the revised
formats on or before November 1, 1994.

6.

Continue discussions with CBS and the Secretariat in order to improve
the priority rating of transmitting CLIMAT messages on the GTS.

7.

Further develop a mechanism for tracking the receipt of CLIMAT reports.

8.

Seek ways to disseminate operational climate products either in the form
of data, graphs or maps, in real-time or near real-time on the GTS or
other dissemination systems as soon as possible after the information
is assembled.

9.

Develop a certification process through peer-reviewed reports and a
system for rating global baseline data sets that take into account the
temporal changes in their quality.

10.

Accelerate the establishment of, in conjunction with donor countries and
Regional Associations, regional area support centres for CLICOM in all
WMO Regions.

11.

Encourage Members to provide direct assistance to countries in selecting
and evaluating candidate reference climatological stations and in
advising on ways of preserving the data and protecting the station from
encroachment.

12.

Prepare guidance material in order to assist Members in the development
of catalogues and directories of national climate data holdings.

13.

Ensure that overlapping observations be taken at the sites of automatic
meteorological stations before the automatic stations are established
and the conventional observations are stopped.
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ANNEX 1:
SPECIFIC RECOMMENDATIONS RELATED TO CLIMATE DATA AND MONITORING
ACTIVITIES AS PROPOSED BY RAPPORTEURS OF THE CCL WORKING GROUP ON CLIMATE DATA
CLIMAT Code Adaptation
1.
Encourage and assist Member countries in adapting the CLIMAT code
changes on or before November 1, 1994. CCI members can assist by advising
their respective colleagues of the changes and encouraging full adoption by
the scheduled implementation date. Preparation of new and additional normals
would facilitate full implementation.
2.
Develop a computer based (CLICOM) software that permits the computing,
coding and decoding of synoptic information in the revised CLIMAT transmission
codes. This would include the determination of the feasibility of directly
connecting CLICOMs to GTS circuits to help ensure the quality and timeliness
of transmissions. This would then permit each country with CLICOM systems to
centralize their CLIMAT transmissions and reduce formatting at the observing
sites. This will also provide the means to expand the network while reducing
the amount of work at observing sites.
3.
Study and recommend changes, if necessary, to the CLIMAT-TEMP code and
obtain approvals and implementation early in the next intersession.
Transmission of Climate Anomaly Products
1.
Seek ways to disseminate climate products in real-time or near real-time
on the GTS or other dissemination systems. This would include the feasibility
of distributing the graphical and textual information via MDD facsimile-type
transmission; and the use of the facsimile services such as that being used
by the National Climate Data Center (USA) to members, especially from Regional
hubs; and the use of the WEFAX satellite broadcast facility for distribution
of climate products.
2.
Encourage Regional and National Centres to establish climate information
"dial-up" services for the distribution of data and products.
Climate System Monitoring
1.
Continue publishing and distribution of the Biennial CSM Review and CSM
Monthly Bulletin within their existing terms of reference pending the
implementation of universally accessible electronic distribution technology.
2.
Initiate the feasibility study of an Operational Climate Monitoring
System supported by Regional Applications Centres and linked to National
Climate Centres for the processing and distribution of operational climate
monitoring products.
3.
Link global, regional and national databases of the Operational Climate
Monitoring System in order to provide remote access, selection and transfer
of datasets, fields and images.
4.
Develop methodologies to eliminate archaic code forms that limit
collection of climate information from observing networks.
Reference Climatological Stations
1.
Continue to give high priority to the enhancement of the worldwide
network of RCSs.
2.

Urge members who have not nominated candidate RCS stations to do so.

3.
Include information on the RCSs in the WMO Inventory of Climatological
Stations.

11
4.
Invite an organization like the World Data Centres and invited experts
to consider the criteria used in selecting the candidate RCSs and choose the
best possible set of global RCSs taking account of comments made by each
country about the station histories of their candidate RCSs, areal coverage,
station type, and the data which are already available in the World Data
Centres.
5.
Update the Guide to Climatological Practices and revise the Technical
Regulations to reflect guidelines on RCS criteria.
6.
Encourage countries to identify from where data on selected RCSs would
be available and to give priority to making the data from these stations
available in a retrievable format.
7.
Publish updated data from RCSs in conjunction with World Weather Record
project.
Global and Regional Baseline Climate Data Sets
1.
Remind Members to prepare and send their 1961-90 standard normals data
to the Secretariat for publication by the WMO.
2.
Encourage members and/or regions to submit to the appropriate World Data
Centres additional stations along with their corresponding metadata so these
may be consolidated into regional data sets which will contribute to global
change studies.
3.
Establish a mechanism to certify that data sets meet a certain
standard, can be identified with a scientist, and are available through the
WDC system.
4.
Certification procedures should feature the following: a peer-reviewed
published paper documenting the data set; a computer-compatible format;
defined data sets; format documentation; no restrictions on the distribution
of the data set; and acknowledgement to the person who formed the data set.
5.
Continue with the pilot project on global and regional baseline data
sets.
Data Management and DARE
1.
Recommend that Regional Associations need to be integrated into the
mechanism of data collection and exchange.
2.
Re-affirm CCI support for DARE and expand such activities in other
Regions.
3.
Further study the concept of Regional DARE Support Centres, using the
CLICOM Area Support Centre concept in order to provide permanent support to
projects, as well as follow-up on other data-related tasks.
4.

Improve training for staff responsible for data management

5.
Standardize climatological operations to some degree in order to avoid
having several types of forms and also to avoid use of different formula.
6.
Prepare and make available simple manuals for collecting, transmitting
and processing data.
CLICOM
1.
Organize regional seminars for both systems managers and operators to
•ssist in the continuation of full CLICOM implementation.
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2.
Continue publishing the CLICOM News Bulletin - a useful medium for
sharing of experiences on the CLICOM system.
3.
Undertake inspection missions to installations where CLICOM may not be
operational, as soon as possible. This could be done at the same time with
upgrading to CLICOM 3.0.
4.
Investigate the feasibility of establishing a spare part fund to be held
at some strategic centres which have access to spare parts. Spare parts would
only be purchased on demand basis. Regional Stocking Centres may not be very
effective because of communication problems within regions and lack of parts
in a region.
5.
Dissemination and installation of CLICOM Version 3.0 should be done with
minimal interruption to current operational activities.
INFOCLIHA
1.
Distribute INFOCLIMA in digital form with accompanying access software,
possibly on CD-ROMS.
2.
Request Members to update their INFOCLIMA data by including additional
information on proxy data, World Weather Records, Global Baseline Data Sets
and Reference Climatological Stations.
3.
Request all Members to provide the Secretariat with updates and
corrections to the INFOCLIMA catalogue.
4.
Establish a focal point, preferably within the national meteorological
services who is responsible for national climate data catalogue activities.
Automatic Meteorological Stations
1.
Encourage and assist Members to collect and generate more experience on
the AMS practices, especially in the maintenance of time series and data
homogeneity.
2.
Continue close contact with CIMO and CBS to further examine developments
in AMSs.
3.
Prepare guidelines on the processing and archiving of data from synoptic
and automatic weather stations. Guidelines were also considered necessary on
the conversion of observing and data-processing procedures from manual to
automated.
4.
When replacing a conventional station by an automatic one, ensure
overlapping parallel operations so that statistical relationships between
their data could be established.
5.

Maintain detail metadata.
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PILOT PROJECTS FOR IMPROVING
DATA QUALITY AND PRODUCT DISTRIBUTION
FOR CLIMATE SYSTEM MONITORING
James D. Laver
Climate Analysis Center, NWS
NOAA, Washington, DC
CCI Rapporteur to CBS/WGDM
and
Al Kellie
Atmospheric Environment Service
Downsview, Ontario, Canada
CBS Rapporteur to CCl/WGCD

INTRODUCTION
During 1990 the Presidents of the Commission for Basic Systems (CBS) and the
Commission for Climatology (CCI) decided to establish joint rapporteurs
between respective working groups. They were motivated by the need to improve
the flow of climate related information on the World Weather Watch (WWW).
This paper is the result of initial efforts by the joint rapporteurs between
the CBS/Working Group on Data Management (CBS/WGDM - A. Kellie) and the
CCl/Working Group on Climate Data (CCl/WGCD - J. Laver).
Several pilot
projects are introduced which could contribute significantly to short-term
improvements in Climate System Monitoring. Recommendations concerning these
projects were presented by the joint rapporteurs to the Chairman, CCl/WGCD (D.
K. Dawson) for consideration in his report to CC1-XI in February 1993. If
these pilot projects are successful, consideration will be given to the
implementation of broader, more permanent actions depending on the
recommendations of the two WMO Commissions and their respective Working
Groups.
BACKGROUND
Issues relating to data management, tracking and transmitting climate data and
monitoring information, and revising observational CLIMAT message parameters
have been discussed in meetings of experts and working groups during the last
several years. For example, the first session of the WGDM (WGDM-I, Geneva,
5-9 March 1990) endorsed the recommendations and proposals for implementation
of the World Weather Watch (WWW) Distributed Data Bases concept, which were
first discussed at a meeting of experts in Reading, UK (25-27 October 1988).
At CBS/WGDM-I Mr. A. Kellie (AES, Canada), on behalf of Dr. K. Dawson (AES,
Canada) and Chairman CCl/WGCD, briefed the session on data management issues
such as:
- Exchange and monitoring of data from CLIMAT & CLIMAT TEMP
stations
- Transmission of climate anomaly and climate change
information in graphic form
- Expansion of data availability from existing CLIMAT
networks and expansion of the networks using the GTS
- Revision of CLIMAT message observational parameters
During November 1991 the Commission for Climatology (CCI) conducted expert
meetings on the adaptation of the CLIMAT code and on tracking and transmission
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of Climate System Monitoring information. These were followed by a meeting
of the CC1/WGCD, which addressed issues concerning coordination of data
management practices and effective use of climate data, especially in nearreal-time.
The meetings above are a mere subset of the many formal and informal occasions
where issues, similar to those above, have been discussed. These discussions
have resulted in a series of pilot projects, proposed by the joint
rapporteurs, designed to improve climate data quality and climate product
distribution, which in turn will improve climate system monitoring.
RESULTS
The pilot projects discussed below would serve to improve real-time global and
regional climate services, and would benefit other national projects, in
addition to improving the WMO Climate System Monitoring project. The pilot
projects will focus on improving data, and improving product distribution.
Pilot. Project I - Collection, Transmission and Tracking of CLIMAT
data.
The Climate Analysis Center (CAC/USA) and the WDC-A (NCDC/USA) would
conduct a one year pilot project which demonstrates detailed monitoring of
CLIMAT and CLIMAT TEMP messages during the period July 1, 1993 through June
30, 1994. The project would be designed by the joint CC1/CBS Rapporteurs,
coordinated through the WMO Secretariat, and include some of the following
information for each month by station, country, block and/or region:
a. Expected total count of CLIMAT messages from official
stations.
b. Actual count of CLIMAT messages received at CAC/USA
from official stations by 10th of the following month.
c. Count of CLIMAT messages received in "b. " above which
have suspected problems which have been corrected through quality
control.
d. Count of CLIMAT messages received in
unresolved errors.

,r

b. " above which have

e» Additional count of CLIMAT messages from official stations
received at WDC-A/WCDC/USA in non-real-time.
f.. Count of CLIMAT messages in "e. " above with correctable
problems.
g. Count of CLIMAT messages in "e. 'r above with unresolved
problems.
h. Count of usable CLIMAT reports from unofficial station
received by the 10th of the following month.
i. Count of usable CLIMAT reports from unofficial stations
received at WBC-A/NCBC/USA.
}. Comparison by country of selected CLIMAT parameters with
summarized synoptic data* where available»
k. Expected total count of CLIMAT TEMP messages from official
stations.
1. Actual count of CLIMAT TEMP messages received at CAC/USA from official
stations by 10th of the following month.
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Monthly reports would be sent to WMO and to selected interested countries to
help diagnose problems (e.g., communication). The project would be repeated
beginning with the first month of the projected CLIMAT code change.
The Climate Analysis Center (CAC) of NOAA routinely collects and processes the
monthly CLIMAT messages. Tables 1 below shows a representative sample of such
messages.
Table 1. Sample CLIMAT Messages (left) and their Master WMO
Bulletin Header (right) Received from 1-16 March 1992.
Note: Data is for February 1992
02992
02992
02992
02992
02992
02992
02992
02992
02992
02992
02992

01001
01008
01025
01028
01098
01152
01241
01317
01384
01415
01492

9947
0006
9973
9996
9952
9997
0046
0061
9848
0116
9988

9959
0018
9984
9978
9963
0008
0057
0105
0103
0127
0108

1049
1176
1004
1093
1019
0005
0019
0042
1020
0039
0000

04012
01102
05121
02809
04816
05215
05919
06924
04207
07017
04805

00975:#
0004/:#
0089/:#
00385:#
00746:#
00905:#
00954:#
03205:#
00232:#
01025:#
00222:#

CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll
CSNOll

ENM
ENM
ENM
ENM
ENM
ENM
ENM
ENM
ENM
ENM
ENM

CLIMAT temperatures and precipitations are compared with CAC data summaries
based on daily synoptic data. CLIMAT temperatures and precipitations are
included in the CAC data base when they pass quality control checks. A small
percentage of CLIMAT values are believed to be incorrect and are not included
in the CAC data base. A number of CLIMAT reports each month are not dated.
These reports are assumed to be for the month preceding that in which they are
received, but they are accepted into the CAC data base only if both
temperature and precipitation values pass strict validation. Tables 2 and 3
below shows a summary of comparisons between CAC summarized data and monthly
CLIMAT data by blocks and stations.
A number of CLIMAT reports are received each month from stations for which the
CAC does not receive synoptic data. These data are not included in the CAC
data base. A report can be made available which indicates the CLIMAT data
which are not accepted because they may be invalid and those data for which
the CAC has no data to compare. For example, the CAC collected more than 1100
CLIMAT messages, nominally for February 1992, during the first 16 days of
March 1992. The CAC accepted 1016 temperatures from these reports and rejected
18, and it accepted 977 precipitations and rejected 53.
There were 100
messages for which CAC had no data with which to make comparisons. There were
112 reports which were not dated.
The CAC routinely logs all CLIMAT reports which it receives in near-real-time.
Table 4 below shows CLIMAT data receipt, for a subset of stations, from
January 1989 through February 1992. At this time CAC includes those reports
which may be incorrect and those reports which have no synoptic data for
comparisons.

Table 2.

Comparison of CLIMAT Data with CAC Daily Summarized Data by WMO Block(s).
Data is for February 1992

IBK
WMO BLOCK NUMBER
CACT
AVERAGE OF CAC CALCULATED MONTHLY TEMPERATURES BY WMO BLOCK(S)
CLIMT
AVERAGE OF TEMPERATURES EXTRACTED FROM THE CLIMAT MESSAGES
BIAST
CACT MINUS CLIMT
RMSQET—ROOT MEAN SQUARE ERROR OF CAC TEMPERATURES
CNNT
COUNT OF TEMPERATURES COMPARED
RPCP
AVERAGE OF MONTHLY PRECIPITATION REPORTED RECEIVED BY CAC
EPCP
AVERAGE OF MONTHLY PRECIPITATION ESTIMATED BY CAC
CPCP
AVERAGE OF PRECIPITATION EXTRACTED FROM CLIMAT MESSAGES
RBIAS
RPCP-CPCP
EBIAS
EPCP-CPCP
RRMSQUE-ROOT MEAN SQUARE ERROR OF CAC REPORTED PRECIPITATION
ERMSQUE-ROOT MEAN SQUARE ERROR OF CAC ESTIMATED PRECIPITATION
CNTRP
COUNT OF CAC REPORTED PRECIPITATION COMPARED TO CLIMAT
CNTEP
COUNT OF CAC ESTIMATED PRECIPITATION COMPARED TO CLIMAT
IBK

CACT

CLIMT

BIAST

RMSQET

CNTT

RPCP

EPCP

1
2
3
4
6
7
8
10
11
12
15
16
17
20
21
22
23
24
25
26

-2.7
-2.5
6.1
0.0
2.8
6.5
11.5
2.8
-0.1
1.8
2.8
7.9
-0.5
-27.3
-27.6
-5.9
-16.3
-31.5
-24.8
-1.8

-2.6
-2.5
6.0
-0.1
2.5
6.0
11.3
2.6
-0.9
1.8
1.9
7.8
-1.0
-27.7
-37.5
-5.6
-16.3
-31.6
-24.7
-1.7

-0.1
0.0
0.1
0.1
0.3
0.5
0.2
0.1
0.7
0.0
0.9
0.2
0.4
0.4
9.9
-0.3
0.0
0.2
-0.1
-0.1

0.2
0.2
0.1
0.3
0.4
0.5
0.3
0.2
0.8
0.3
0.9
0.5
0.5
0.5
9.9
0.3
0.4
0.5
0.4
0.2

10.0
31.0
26.0
4.0
8.0
15.0
9.0
25.0
9.0
15.0
4.0
17.0
20.0
5.0
1.0
5.0
9.0
10.0
9.0
6.0

88.7
30.8
60.6
68.2
65.3
30.9
30.3
37.6
54.1
21.2
14.0
20.2
37.0
8.6
3.6
24.2
26.6
7.9
14.8
35.3

97.1
34.9
60.8
104.1
67.2
32.2
30.2
43.0
55.2
23.2
14.3
21.2
37.4
11.3
3.6
24.9
35.3
13.1
17.8
36.1

CPCP
93.2
34.2
65.3
133.5
78.9
33.5
30.8
43.1
56.9
25.1
14.3
25.6
38.8
10.3
4.0
26.8
27.6
10.5
20.8
38.2

RBIAS
-4.5
-3.4
-4.8
-65.3
-13.6
-2.6
-0.5
-5.5
-2.8
-3.8
-0.4
-5.3
-1.8
-1.6
-0.4
-2.6
-0.9
-2.6
-6.0
-2.8

EBIAS
3.9
0.8
-4.6
-29.4
-11.6
-1.4
-0*6
0.0
-1.7
-1.9
0.0
-4.4
-1*5
1.1
-0.4
-1.9
7.8
2.6
-3.0
-2.1

RRMSQUE ERMSQUE
15.3
10.9
8.8
123.6
36.9
4.7
3.5
9.6
4.4
8.3
0.8
14.6
9.6
2.3
0.4
2.9
8.8
3.0
8.6
4.2

11.0
2.9
8.6
52.8
32.2
2.9
3.3
9.2
2.9
4.9
0.2
13.3
9.5
2.2
0.4
2.1
11.7
4.1
5.9
3.5

CNTRP
10.0
31.0
26.0
4.0
8.0
15.0
10.0
25.0
9.0
15.0
3.0
16.0
21.0
4.0
1.0
5.0
9.0
10.0
9.0
6.0

CNTEP
10.0
31.0
26.0
4.0
8.0
15.0
10.0
25.0
9.0
15.0
3.0
16.0
21.0
4.0
1.0
5.0
9.0
10.0
9.0
6.0

(T>

IBK
27
28
29
30
31
32
33
34
35
36
38
40
41
42
43
44
45
47
48
50
51
52
53
54
56
57
58
59
60
61
62
63
64
65
67
68
70
71
72
76
78

CACT
-8.5
-12.4
-12.2
-16.7
-16.9
-6.2
-1.1
-4.4
-8.6
-6.0
2.7
10.1
17.0
16.0
25.6
-11.9
15.0
4.6
27.0
-17.0
-4.0
-3.8
-7.3
2.5
9.8
6.3
7.9
15.1
12.0
24.1
17.3
25.4
26.4
28.5
23.4
21.9
-13.1
-16.8
5.7
18.5
25.9

CLIMT
-8.2
-12.2
-12.5
-17.3
-17.2
-6.1
-0.9
-4.8
-8.7
-6.3
1.8
10.0
17.0
16.2
25.5
-12.4
14.9
4.2
26.8
-17.6
-4.4
-4.5
-8.1
2.0
9.1
5.6
7.4
14.7
11.7
23.7
17.4
25.8
26.1
27.8
22.5
21.6
-13.2
-16.8
5.8
18.3
25.5

BIAST
-0.3
-0.2
0.3
0.5
0.3
-0.1
-0.2
0.5
0.1
0.3
0.9
0.2
0.0
-0.2
0.0
0.5
0.1
0.3
0.2
0.6
0.4
0.7
0.9
0.5
0.7
0.6
0.5
0.4
0.3
0.4
-0.1
-0.4
0.2
0.7
0.9
0.3
0.1
0.0
0.0
0.2
0.3

RMSQET
0.4
0.4
0.6
1.2
0.4
0.2
0.7
0.7
0.2
0.3
1.0
0.4
0.5
0.8
0.3
0.7
0.2
0.5
0.6
0.6
0.4
0.7
0.9
0.5
0.7
0.7
0.5
0.4
0.5
0.7
0.7
0.7
0.6
0.8
0.9
0.4
0.2
0.1
0.1
0.8
0.4

CNTT
4.0
4.0
5.0
8.0
9.0
5.0
4.0
4.0
5.0
2.0
4.0
25.0
28.0
7.0
12.0
13.0
2.0
59.0
15.0
1.0
5.0
4.0
2.0
2.0
3.0
3.0
2.0
3.0
45.0
32.0
19.0
9.0
12.0
25.0
1.0
16.0
12.0
40.0
162.0
15.0
6.0

RPCP
20.1
14.6
8.9
12.2
12.0
34.3
34.3
30.8
11.0
36.3
16.4
54.7
19.1
34.4
1.7
1.3
139.5
74.2
65.8
1.6
6.5
1.4
0.1
5.2
50.1
74.9
55.8
110.8
22.2
39.3
7.7
27.6
10.9
11.3
13.3
81.6
71.9
48.2
60.5
0.0
13.1

EPCP
29.4
17.5
10.2
18.6
12.3
46.5
34.3
37.0
11.0
36.3
17.7
63.3
24.7
35.7
1.7
1.6
141.2
74.5
65.8
1.6
6.5
1.6
0.1
5.2
50.6
75.3
55.8
110.8
22.3
43.1
7.7
29.5
33.4
14.0
16.6
82.5
71.9
48.2
60.5
0.0
19.1

CPCP
27.5
19.8
10.0
9.4
15.7
56.0
37.8
28.8
13.3
36.0
24.5
58.4
22.1
41.4
0.7
4.3
134.0
72.1
67.6
2.0
7.0
2.3
0.0
5.5
50.7
74.5
55.5
109.0
23.0
44.3
6.0
61.0
67.9
12.7
12.0
83.8
72.1
47.9
60.8
0.0
34.5

EBIAS RRMSQUE
RBIAS
10.2
1.9
-7.4
7.8
-5.2
-2.3
1.3
0.2
-1.1
9.4
2.8
9.2
8.0
-3.3
-3.6
-9.5
-21.7
32.2
4.7
-3.4
-3.5
7.2
8.2
2.1
3.2
-2.2
-2.2
0.3
0.3
0.3
-6.8
-8.1
14.2
14.5
4.9
-3.7
12.0
2.6
-3.0
13.3
-5.7
-7.0
3.5
1.0
1.0
7.0
-2.6
-2.9
7.8
7.3
5.5
7.9
2.4
2.1
5.1
-1.8
-1.8
0.4
-0.4
-0.4
0.7
-0.5
-0.5
1.7
-0.7
-0.8
0.2
0.1
0.1
0.4
-0.3
-0.3
2.2
0.0
-0.6
4.0
0.8
0.4
1.8
0.3
0.3
3.1
1.8
1.8
2.4
-0.7
-0.8
20.6
-1.3
-5.1
1.7
1.7
6.5
49.7
-31.5
-33.4
-34.5
110.6
-57.1
8.8
-1.4
1.2
1.3
4.6
1.3
14.1
-1.3
-2.2
1.1
-0.2
-0.2
0.6
0.3
0.3
2.1
-0.3
-0.3
0.0
0.0
0.0
30.8
-21.4
-15.4

CNTl
ERMSQUE CNTRP
4.0
4.0
9.5
5.0
5.0
3.3
5.0
5.0
1.8
7.0
7.0
17.1
9.0
9.0
8.0
5.0
5.0
14.6
4.0
4.0
4.7
4.0
4.0
11.1
4.0
4.0
3.2
2.0
2.0
0.3
4.0
4.0
14.2
22.0
22.0
16.6
22.0
22.0
13.2
8.0
8.0
10.2
12.0
12.0
3.5
12.0
12.0
6.8
2.0
2.0
8.2
59.0
59.0
7.7
15.0
15.0
5.1
1.0
1.0
0.4
5.0
5.0
0.7
4.0
4.0
1.4
2.0
2.0
0.2
2.0
2.0
0.4
3.0
3.0
2.6
4.0
4.0
4.7
2.0
2.0
1.8
3.0
3.0
3.1
44.0
44.0
2.2
33.0
33.0
14.1
23.0
23.0
6.5
6.0
6.0
46.8
11.0
11.0
77.4
22.0
22.0
10.1
1.0
1.0
4.6
15.0
15.0
14.6
12.0
12.0
1.1
40.0
40.0
0.6
162.0
162.0
2.1
0.0
0.0
0.0
6.0
6.0
23.7
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Table 3. COMPARISON OF CAC DAILY DATA (SUMMARIZED OVER FEBRUARY
1992) WITH ACCEPTED CLIMAT DATA - SELECTED STATIONS.
DATE
YRMO
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920101
920201
920101
920201
920101
920201
920101
920201
920101
920201
920101
920201
920101
920201
920101
920201
920101
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201
920201

BKIDN
01001
01008
01025
01028
01098
01152
01241
01317
01384
01415
02128
02128
02196
02196
02226
02226
02366
02366
02418
02418
02464
02464
02512
02512
02550
02550
02590
02590
02805
02836
02869
02875
02897
02911
02929
02935
02942
02958
02963
02972
02974
03005
03026
03066
03091
03100
03160
03162

TEMPERATURE
CAC CLIMAT
-4.9 -4.9
-18.0 -17.6
-0.3 -0.4
-9.5 -9.3
-2.1 -1.9
0.5
0.5
1.6
1.9
4.4
4.2
-1.9 -2.0
3.7
3.9
-5.5 -5.6
-4.1 -4.3
-5.7 -5.5
-4.5 -4.7
-1.5 -1.4
-1.9 -2.3
-2.9 -2.9
-2.9 -3.3
1.1
1.2
0.3
0.3
0.5
0.5
0.3
0.0
2.6
2.2
2.6
2.6
-0.1 -0.1
0.2
0.3
2.0
2.1
1.6
1.5
-7.5 -7.3
-6.8 -6.7
-7.6 -7.3
-4.5 -4.5
-6.3 -6.3
-1.9 -1.6
-5.7 -5.3
-4.7 -4.4
-3.4 -3.3
-4.0 -3.8
-2.8 -2.7
-1.5 -1.5
-2.2 -2.0
4.9
4.9
6.1
6.0
6.0
5.8
5.1
4.9
6.9
6.9
5.8
5.6
3.9
3.8

PRECIPITATION
RPTD ESTM CLIMAT
94.0 93.3 97.0
3.9
3.7
4.0
90.4 90.2 89.0
28.8 30.5 38.0
71.7 71.6 74.0
43.7 118.8 90.0
98.6 100.2 95.0
329.6 336.8 320.0
23.1 23.0 23.0
103.2 103.2 102.0
28.6 28.7 30.0
14.2 14.2 14.0
33.7 38.4 34.0
32.4 41.5 40.0
15.5 18.6 13.0
36.5 37.1 39.0
17.5 17.5 17.0
18.5 18.5 18.0
17.3 21.9 18.0
20.7 33.2 22.0
13.8 13.8 14.0
29.7 29.3 31.0
18.6 72.4 69.0
21.3 54.1 53.0
44.5 44.5 43.0
38.6 38.6 38.0
27.7 27.7 27.0
33.7 33.7 35.0
39.3 39.3 39.0
29.5 29.5 32.0
31.1 31.1 34.0
12.1 12.1 13.0
20.6 23.0 23.0
32.2 32.2 33.0
57.4 57.4 55.0
41.2 44.9 42.0
54.9 56.3 57.0
41.7 41.8 43.0
30.4 30.4 31.0
55.2 55.4 53.0
46.0 46.0 49.0
126.3 126.9 152.0
131.0 131.0 146.0
24.0 26.3 26.0
25.4 25.4 31.0
144.0 147.6 151.0
48.4 49.0 51.0
154.1 154.1 176.0
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Table 4.

CLIMAT DATA RECEIPT - JANUARY 1989 THROUGH FEBRUARY 1992.

DATED REPORTS ARE SHOWN BY THE NUMBER OF THE MONTH FOR JANUARY THROUGH
SEPTEMBER. AN "X" IS USED TO SHOW A REPORT FOR OCTOBER. A "1" IS USED TO
INDICATE A REPORT FOR JANUARY OR NOVEMBER AND A "2" IS USED TO INDICATE
FEBRUARY OR DECEMBER. UN-DATED REPORTS ARE SHOWN BY INSERTING A BLANK IN THE
POSITION FOR THE MONTH PRECEDING THAT IN WHICH THE CLIMAT REPORT WAS RECEIVED.
A "0" MEANS A REPORT WAS NOT RECEIVED. NOTE THAT SINCE THE REPORT ENDS IN
FEBRUARY 1992, NO DATA IS INDICATED BEYOND THAT DATE.

01001 NORWAY
01008
01025
01028
01098
01152
01241
01316
01317
01384
01415
01492
02080 SWEDEN
02128
02196
02226
02361
02366
02418

1992
120000000000
120000000000
120000000000
120000000000
120000000000
120000000000
120000000000
000000000000
120000000000
120000000000
120000000000
120000000000
120000000000
120000000000
120000000000
120000000000
000000000000
120000000000
120000000000

1991
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
000000000000
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
000400000000
123056789X12
123456789X12

1990
123456789X12
123456789X12
123456789X12
123456789X12
123056789X12
123456789X12
123456789X12
000000000000
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
123456789X12
000000000000
103456789X12
123456789X12

1989
123056789X12
123056789X12
123056789X12
123056789X12
123056789X12
123056789X12
123056789X12
100000000000
023056789X12
123000080X12
123006089X12
123056789X12
1 34 67 9X12
1 34 67 9X12
1 34 67 9X12
1 34 67 9X12
000000000000
1 34 67 9X12
1 34 67 9X12

(TABLE DOES NOT INCLUDE ALL STATIONS AVAILABLE FROM SWEDEN)
The CAC currently sends all CLIMAT data received to the NCDC.
A report combining near-real-time data availability and quality control with
similar information on delayed (mailed in) data received at NCDC, would be
useful for evaluating the CLIMAT program. It would also assist each country
in helping track lost data and general data availability.
Pilot Project II - Improving Distribution of Climate
Monitoring Products
Subject to the approval of the proper WMO Commissions and Working Groups and
the rapporteurs' national agencies, the joint rapporteurs would investigate
the following possible activities including the development of prototype
products and implementing routine transmission:
a. Develop the capability to distribute tables of principal temperature and
precipitation anomalies (from the WMO CSM Bulletin) in text format as climate
bulletins on the global GTS.
Transmission would occur by the 10th day
following each month beginning with July 1993.
b. Determine, by July 1993, the possibility of transmitting monthly (graphic)
charts of the anomalies discussed in "a." above on the GTS (e.g., in GRIB
format). If this is possible and permitted, begin such transmission no later
than January.1994.
c.
Investigate the possibility of distributing current climate data and
products via MDD facsimile-type transmission, WEFAX satellite transmission and
other facsimile services. Report to the WMO Secretariat by July 1993.
Tables 5 and 6 below are prototype alphanumeric bulletins which describe
global precipitation and temperature anomalies, respectively, for September
1992.
This type of bulletin, proposed for GTS transmission, is a tabular
method for presenting a graphic products where the capability to receive
graphics is not available.
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Table 5.

Proposed GTS Bulletin for Global Precipitation Anomalies.

PRINCIPAL PRECIPITATION ANOMALIES - SEPTEMBER 1992
REGIONS AFFECTED

TYPE TOTAL PCP PCT NORM. DURATION

NORTH AMERICA
CENTRAL ALASKA
SOUTHERN ALASKA
SW CANADA AND SE ALASKA
CENTRAL AND EASTERN CANADA
REGIONS AFFECTED

DRY
DRY
WET
WET

0
20
40
70

10
140
530
200

0
30
150
160

20
50
360
260

5 PLUS
4 5
2 PLUS
4 7

TYPE TOTAL PCP PCT NORM. DURATION

SOUTHEASTERN CANADA
MONTANA
COLORADO AND WYOMING
NEW MEXICO AND TEXAS
MINNESOTA AND WISCONSIN
LOWER GREAT LAKES
NORTHEASTERN MEXICO
HONDURAS
HAWAIIAN ISLANDS

DRY
DRY
DRY
DRY
WET
WET
DRY
DRY
WET

10
0
0
0
130
140
30
0
50

40
10
10
10
140
230
40
10
450

20
0
0
0
200
170
20
0
260

50
20
20
10
210
280
30
10
350

5 9
6
5
6 PLUS
FIRST
4
5
8
FIRST

SOUTH AMERICA AND EASTERN PACIFIC
COLOMBIA
GUIANAS AND NORTHERN BRAZIL
PARAGUAY, BOLIVIA, S BRAZIL
CENTRAL ARGENTINA

WET
DRY
WET
WET

120
0
90
110

520
10
340
140

180
0
220
220

280
10
530
440

4
9
4 PLUS
4 PLUS

EUROPE AND THE MIDDLE EAST
NORTHERN NORWAY
NORTHERN FINLAND
POLAND AND WESTERN RUSSIA
SOUTHWESTERN FRANCE
NORTHWESTERN TURKEY
NORTHEASTERN UKRAINE
EASTERN EUROPEAN RUSSIA

DRY
WET
WET
WET
DRY
WET
DRY

30
100
70
160
0
90
0

40
110
160
170
10
100
30

20
170
180
240
0
210
0

30
180
290
250
10
220
50

5
FIRST
FIRST
ENDS
10 PLUS
6
4 7

AFRICA
MALI AND MAURITANIA
GUINEA AND COTE D'IVOIRE
TOGO AND BENIN
SUDAN
KENYA
SOUTH AFRICA AND MOZAMBIQUE

DRY
DRY
DRY
DRY
WET
DRY

0
70
40
0
50
0

80
180
180
20
140
20

0
60
30
60
40
50
0
20
300 1440
0
20

5 PLUS
4 5
4
4 6
7 PLUS
5 PLUS

ASIA
SRI LANKA AND SOUTHERN INDIA
PAKISTAN AND WESTERN INDIA
SOUTHWESTERN SIBERIA
SOUTH CENTRAL SIBERIA
HOKKAIDO AND SE SIBERIA
NORTHEASTERN CHINA
CENTRAL JAPAN
SOUTHEASTERN CHINA
SOUTH CENTRAL CHINA

WET
WET
WET
WET
WET
WET
DRY
DRY
DRY

310
60
50
120
120
250
30
0
20

320
300
90
130
430
280
90
10
50

310 320
270 2100
310 400
280 290
180 310
260 370
10
30
0
10
20
40

SECOND
4
9 PLUS
FIRST
4 5
4 5
5 PLUS
4 PLUS
5 6

AUSTRALIA AND WESTERN PACIFIC
SOUTHEASTERN AUSTRALIA

WET

90

180

170

EARLY: ANOMALY EARLY IN MONTH
MIDDLE: ANOMALY IN MID-MONTH
LATE: ANOMALY LATE IN MONTH
PLUS: DURATION BEYOND 10 WEEKS

240

FIRST: ANOMALY 1st HALF OF MONTH
SECOND: ANOMALY 2nd HALF OF MONTH
ENDS: ANOMALY EARLY & LATE
IN THE MONTH
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Table 6.

Proposed GTS Bulletin for Global Temperature Anomalies.

PRINCIPAL TEMPERATURE ANOMALIES - SEPTEMBER 1992
REGIONS AFFECTED

TYPE MEAN TEMP DEPARTURE DURATION

NORTH AMERICA
ALASKA AND WESTERN CANADA
SOUTHEASTERN CANADA
SOUTHWESTERN UNITED STATES

COLD
MILD
WARM

-4
+13
+18

+10
+16
+33

-1
+1
+1

-8
+3
+4

2 PLUS
2 5
SECOND

SOUTH AMERICA AND EASTERN PACIFIC
COAST OF PERU
WARM
BOLIVIA AND PARAGUAY
COLD

+18
+5

+21
+26

+2
-1

+3
-6

4
4

EUROPE AND THE MIDDLE EAST
NORTHERN AND EASTERN EUROPE
CENTRAL TURKEY
IRAN AND EASTERN TURKEY

MILD
COLD
COOL

+4
+16
+11

+15
+17
+24

+1
-1
-1

+4
-2
-4

2 PLUS
MIDDLE
SECOND

AFRICA
SENEGAL AND MAURITANIA
SOUTHERN AFRICA

WARM
WARM

+31
+16

+33
+24

+1
+2

+2
+4

2 5
2 PLUS

ASIA
INDIA AND PAKISTAN
CENTRAL SIBERIA
EASTERN SIBERIA
HOKKAIDO, JAPAN

COOL
COLD
COLD
COLD

+27
-6
-3
+11

+29
+15
+8
+15

-1
-2
-1
-1

-3
-5
-4
-2

4
2 PLUS
2 9
SECOND

AUSTRALIA AND WESTERN PACIFIC
NORTHERN AUSTRALIA
SOUTHWESTERN AUSTRALIA
SOUTHEASTERN AUSTRALIA

WARM
COLD
COLD

+23
+10
+9

+30
+17
+16

+1
-1
-2

+3
-4
-4

2 MORE
5 MORE
2 MORE

t

7
6

EARLY: ANOMALY EARLY IN MONTH
FIRSTî ANOMALY FIRST HALF OF MONTH
MIDDLE: ANOMALY IN MIDDLE OF MONTH
SECOND: ANOMALY SECOND HALF OF MONTH
LATE: ANOMALY LATE IN MONTH
ENDS: ANOMALY EARLY AND LATE IN MONTH
PLUS: DURATION EXTENDS BEYOND TEN WEEKS
CONCLUSIONS
The needs and advantages for improving near- real-time climate data quality
and climate product distribution have been discussed and documented at many
WMO sponsored meetings, as well as in other instances. The joint rapporteurs
between the CBS/WGDM and CCl/WGCD propose several pilot projects which could
contribute significantly to climate data quality, product distribution, and
improvements in Climate System Monitoring.
Initial efforts by the joint
rapporteurs have begun for several of these projects and their completion is
now partially dependent on concurrence from appropriate WMO sources.
REFERENCES
WCDMP-16 REPORT OF THE CCI EXPERTS MEETING ON TRACKING AND
TRANSMISSION OF CLIMATE SYSTEM MONITORING INFORMATION, Geneva, 7-8 November
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SYSTEMATIC MONITORING OF THE GLOBAL CLIMATE SYSTEM

William R Kininmonth
National Climate Centre
Bureau of Meteorology, Australia
and
CCI Rapporteur on Climate System Monitoring
INTRODUCTION
Over the past decade there has been a rapid increase in understanding of
the magnitude and character of controls over seasonal and longer term
anomalies of regional weather systems. This has largely been as an outcome
of monitoring the global climate system through systematic observation and
analysis. Monitoring has been assisted by improvements in data collection
under the World Weather Watch programme, expansion of satellite observing
systems, and the development of computer capacity and associated data
handling capability that have allowed the processing of the increasingly
vast quantities of data in near real-time.
As knowledge of the global climate system has improved and information has
become more accessible outside of research institutions a wider range of
applications of climate monitoring information have developed. National
Meteorological Services have given increased emphasis to monitoring of
local and regional climate indices, and have identified links between these
indices and the characteristics of the larger circulation. Many services
now routinely carry out systematic monitoring of the climate system of
their region, some on at least a hemispheric scale, and a few on a global
scale.
The importance of monitoring of the global climate system was formally
recognised at the Second World Climate Conference (November 1990). At the
conference recommendations were made for the establishment of the Global
Climate Observing System (GCOS) and for expansion of the World Climate Data
Programme to specifically include responsibility for climate monitoring.
These recommendations have been taken up by the World Meteorological
Organization (WMO). Firstly, the Intergovernmental Océanographie
Commission (IOC) has been invited to participate in the planning and
management of the GCOS to ensure monitoring and analysis of the slowly
changing ocean characteristics. Secondly, the World Climate Programme
structure has been modified to include the World Climate Data and
Monitoring Programme.
Climate monitoring is being recognised by the United Nations coordinated
Intergovernmental Negotiating Committee (INC) as an essential component of
a Framework Convention on Climate Change. Early drafts emerging from the
deliberations of the INC have identified the need for systematic
observations and research of the climate system as necessary to support the
objectives of the Convention. The Committee has also proposed two
important elements necessary to support climate monitoring: free and
unhindered exchange of scientific information; and assistance to developing
countries for endogenous capacity building in climate science and
infrastructure.
WMO, in accordance with Resolutions at Congress IX, implemented two main
initiatives in 1984 in an attempt to promote understanding and use of
climate monitoring information. These were the Biennial Climate System
Monitoring (CSM) Review and the Climate System Monitoring Monthly Bulletin.
Both are published with financial support from the United Nations
Environment Programme (UNEP) within the context of the Global Environmental
Monitoring System (GEMS).
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The Biennial CSM Review provides a summary of the significant features of
the climate system over the previous two years, including an overview of
the evolution and decay of systems that impact on regional climate. The
Biennial Review has an important role to promote awareness of the global
impact on regional climate variability of climate anomalies on seasonal and
longer time-scales.
The CSM Monthly Bulletin was introduced to disseminate information from
global and regional analysis centres to Members without similar data
collection and processing capabilities. The availability of recent
information on the climate system promotes understanding of local and
regional anomalies in the context of larger scale controls; it also
supports limited prediction of seasonal climate anomalies based on
understanding of the evolution of characteristics of the global climate
system.
This report is a review of climate system monitoring, with emphasis on the
effectiveness of the two climate monitoring publications. It draws on
experience derived from a major climate analysis centre, from participation
in WMO Expert Meetings for the preparation of the Biennial CSM Review and
for Climate Data Management, and from visits to user centres, specifically
the Drought Monitoring Centres of East and Southern Africa.
CLIMATE SYSTEM MONITORING MONTHLY BULLETIN
The WMO CSM Monthly Bulletin serves as a medium for the distribution of
climate monitoring data to national meteorological services, research
institutes, and other users of current climate information. The Bulletin
is compiled by staff of the WMO World Climate Programme Department from
contributions submitted by Members. The Bulletin is printed and
distributed by WMO.
The Bulletin incorporates four principal categories of material:
(i)

Maps and text of current climate anomalies: The maps,
particularly of significant monthly and three monthly
temperature and rainfall departure, identify regions of
potential climate impact.

(ii)

Maps of mean circulations and anomalies: A range of maps and
tables of the monthly mean mass and wind fields of the
atmosphere and maps of other features of the global climate
system that identify regional characteristics of significance
for seasonal and interannual climate variability.

(iii)

Special reports and contributions of national climate centres:
These contributions report on specific regional climate
features and their impacts.

(iv)

Weather conditions and crop prospects: A summary of expected
crop production for various regions prepared from material
supplied by the Food and Agriculture Organization.

(a)

Effectiveness of the Bulletin

In its present format the WMO CSM Monthly Bulletin is highly regarded by
many Members and is especially useful for developing countries. The
Bulletin is particularly useful to countries in regions subject to El
Nino/Southern Oscillation (ENSO) influences. The content of the Bulletin
provides a basis for tracking the development of tropical and sub-tropical
anomalies of significant spatial and temporal extent.
A major impediment to the overall utility of the Bulletin is its
timeliness. The delay before the Bulletin is available is generally of the
order of four months, and often longer. These delays are consistent with
the time to generate products in national centres, to collect products in
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WMO, to assemble the publication, and to print and dispatch the copies.
Efforts are made to minimise the delay, for example by air mail delivery of
products from the national centres. However, a measure of delay will
continue to be experienced as long as a print medium is used and the non
operational facilities of WMO are relied upon for production and
distribution.
There are regional deficiencies in the maps of climate anomalies and impact
because of the absence of data from some countries. The problem arises
because some countries collect information but do not exchange it
routinely; for other countries their observing and data collection networks
are in such poor state that little or no data are available for exchange.
It continues to be a major task of the WMO to assist countries to upgrade
observing capabilities. Member countries are encouraged to exchange
meteorological information in accordance with Resolutions of Congress and
the Commission for Climatology (CCI).
(b)

New Parameters and Indices

The global controls over regional and local climate dictate the parameters
and indicators to be included in the CSM Monthly Bulletin. The important
parameters and indices relate to the atmospheric circulation and its
anomalies, to global and regional characteristics of the climate system,
and to impacts of climate anomalies. These assist operational decision
making in national centres and research.
The ENSO phenomenon is recognised as having a broad control over tropical
and subtropical regions. A range of parameters and indicators related to
this phenomenon are regularly included in the Bulletin and new parameters
and indicators that have relevance to operational monitoring and prediction
have been added to the range as these have become routinely available from
relevant monitoring centres.
Because of the current delay in production and distribution of the Bulletin
it is not clear that useful purpose would be served by including a larger
selection of parameters and indices, particularly where products are
experimental or not fully tested. The existing selection supports
operational decision making in developing countries. New material that may
have only limited application has the potential to further delay production
and add to the cost without improving effective support for decision
making.
(c)

Seeking Wider Contributions

The global analyses, regional anomalies and drought monitoring indices are
core features of the CSM Monthly Bulletin. It is important for systematic
use of the material that these contributions are consistently produced and
displayed. The development of the Bulletin has been assisted by the
contribution of products from several centres. While these products
continue to be available there are strong grounds for their continuation.
The Bulletin is also designed to provide diagnostic insights into
significant large-scale climate anomalies and their consequences. There is
scope for more contributions from national climate centres that review the
regional characteristics of significant anomalies and/or the local and
regional impacts, especially the socio-economic and environmental
consequences of major events.
(d)

Improved Distribution Methods

Cost is an important factor to be considered in the production and
distribution of the CSM Monthly Bulletin. Postage of the printed copies is
a significant component of the overall expense. Greater demand for the
bulletin or more timely distribution will each add to the overall cost.
CCI convened an expert meeting on climate system monitoring in Geneva on 78 November 1991. One of the proposals was for the Commission for Basic
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Systems (CBS) to investigate distribution of tables of principal
temperature and precipitation anomalies as contained in the CSM Monthly
Bulletin, and charts of these anomalies on the Global Telecommunications
System (GTS). One impediment identified in the wider use of the GTS is
that many national climate centres do not have direct access to GTS data
because of the physical and organisational separation of climate and
weather forecasting functions. This is an issue to be brought to the
attention of Members if trials for the distribution of data on the GTS are
to go ahead.
A second proposal to provide wider and more timely distribution of climate
monitoring information was for the direct broadcast of charts using the
WEFAX facilities of the US GOES and European meteorological satellites.
This proposal has the advantage that an approved range of diagnostic
products would be quickly available to national centres and regional
drought monitoring centres. The feasibility of this proposal is also being
examined within the CBS.
(e)

Costs of Publication and Distribution

Containment of costs associated with the preparation, printing and
distribution of the CSM Monthly Bulletin is achieved by clearly identifying
the objective of the publication and restricting content to meet that
objective. The text of the Foreword identifies the objective as:
"to provide the Meteorological Services and other national and
international organizations synthesised information on the state of
the climate system and diagnostic insights into significant largescale anomalies of regional and global' consequence."
The development of an electronic distribution system will, in time, lessen
the need for many of the existing and future new products that are used in
support of decision making to be included in a printed publication.
However, there will be an ongoing requirement for the routine publication
of a basic set of synthesised information and diagnostic insights for
review and research.
A proposal to reduce the number of copies produced as a means of cutting
costs is likely to be counterproductive. Reduced access to the information
would defeat the purpose of its production. Also, a proposal to introduce
a charge for the Bulletin would be administratively difficult to implement
and be an impost on developing country recipients. Such proposals should
not be implemented before a survey of Members is carried out.
THE BIENNIAL CLIMATE REVIEW
The WMO Biennial CSM Review has gained wide acceptance as a source of
information on the global climate system. The first issue, covering the
period 1982-84, was timely in that it provided an in-depth review of the
structure and evolution of the 1982-83 ENSO episode which had impacted on
global food production, particularly in tropical and sub-tropical regions.
This first Review proved to be a major source of information and
explanation for meteorologists and other scientists and policy makers whose
work is climate sensitive. The Review alerted scientists world-wide, and
particularly in developing countries, to the magnitude and spatial scale of
seasonal and interannual climate influences.
Subsequent Reviews, covering the 1984-86 and 1986-88 periods, have
continued in the same style and each has provided a comprehensive overview
of the range of major climate features that dominated the review period.
The range has covered both irregular climate events, such as ENSO, and the
status of important varying features of the climate system, such as sea ice
extent, blocking indices, storm frequency and the activity of monsoons.
The biennial period of the review is sufficiently long to span the
lifecycle of these seasonal and interannual events.
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The Review also provides summaries of features of the climate system that
have emerged as important for understanding and monitoring climate change.
These include: updates of observed climate trends, both on a regional and
global scale; the extent of significant influence and overall impact of
periodic volcanic eruptions; and the status of natural and anthropogenic
climate forcing factors, such as trace gas and aerosol concentrations.
The wide and ready acceptance of the Biennial CSM Review is largely a
result of the authoritative contributions to its contents. Much of the
material has been previously published as reports in the scientific
literature or compiled by national agencies and research institutions. The
material has therefore been subjected to detailed scrutiny by scientists.
The material is selected by a group of international experts for inclusion
in the Review.
The style and format of the Review also contribute to its acceptance and
effectiveness. Clear diagrams and concise text mean that important
features and their broader impact are readily apparent to scientists in
other disciplines and to managers and policy makers. The wide distribution
of the Review is encouraging broader application of climate information and
raising awareness of climate and its variability across the breadth of
socio-economic and environmental activity.
THE STRUCTURE AND METHODOLOGY FOR GLOBAL MONITORING
National surface and upper air observing networks provide the basic data
for detailed analysis of the prevailing climate, and for assessment of the
existence of seasonal and interannual anomalies. These networks are
supplemented by mobile observing platforms, such as ships, aircraft and
drifting buoys, and by satellite systems, to build up a complete picture of
the climate system. Appropriate analysis centres and information
distribution systems are necessary to link climate information to important
applications, such as food and fibre production, social responses and
environmental management.
(a)

Data and Networks

There is an important requirement to modernise national systems for
collecting climate data, both in developing and in developed countries.
Many climate parameters that are potentially useful for climate monitoring
are not included in the SYNOP code, and therefore not available in analysis
centres for many weeks after the event. These data are not available for
the routine monitoring of the climate system.
Modernisation of meteorological data collection systems requires
elimination of the restrictions imposed by the SYNOP and other archaic code
forms. It is feasible to utilise on-site computer based data entry systems
that will recognise, validate and encode the full range of meteorological
observations. The data are then available for electronic transfer to a
host computer in the national data processing centre.
The potential uses for a wide range of meteorological data, such as soil
temperature and moisture, sunshine/solar radiation and other surface energy
balance parameters are twofold. The first use is for improved management
of industry sectors, such as agriculture and energy production; the second
is as boundary layer information for numerical modelling to extend
prediction over longer time-scales.
The density of the CLIMAT network and the scope of the synoptic code limit
all but the broadest analysis of climate anomalies extending beyond
national boundaries. The full extent or intensity of a regional climate
anomaly may not be fully evaluated until after the event, too late for the
implementation of an optimal response strategy. In addition to the vast
quantities of data being generated by remote sensing and automated
observing systems there is a need to modernise the basic observing and data
collection networks.
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Many developing countries continue to require assistance for the
establishment and maintenance of basic climate networks.
(b)

Analysis

Global and regional analyses provide the framework for interpretation of
local and national climate anomalies. The magnitude of the data collection
and processing task means that there are a restricted number of national
centres with the appropriate capability for regional and global analyses.
A requirement of such centres includes links to major nodes of the Global
Telecommunications System and access to supercomputer support.
A second requirement for regional and global analysis is the capability to
collect and process satellite information. Products to be routinely
assessed include outward longwave radiation, cloud distribution, sea
surface temperature, normalised vegetation indices and soil moisture.
Collection and analysis of regional and global data are costly in terms of
capital equipment, maintenance of ongoing operations, and development of
appropriate staff skills. A number of countries have now developed the
capacity for regional climate monitoring. Very few countries have
developed a comprehensive global monitoring capability.
(c)

An Integrated Monitoring Infrastructure

There are a number of informal arrangements in place for exchange of
climate monitoring information between national centres. Also, a number of
national centres distribute publications to neighbouring and other
meteorological services in the region. These arrangements are generally
inefficient and do not meet the timeliness requirements of recipient
services.
Unless more attention is given to the international requirements for
processing of data and distribution of products the effort being invested
in GCOS will not be fully realised. An effective, integrated climate
monitoring infrastructure will formally link regional and global data
collection and processing centres. Each will generate complementary
products that provide the broad context for detailed national analyses and
provide decision support systems to assist management of local climate
sensitive activities.
The establishment of an international facility recognised under
intergovernmental arrangements is essential if climate monitoring is to
support seasonal and interannual prediction of the global climate system.
The facility (or facilities) will be responsible for collection and
processing of data on the global scale, for generating and distributing
analysis and prediction products, and for developing new methodologies and
techniques.
In many regions, particularly Africa, the Middle East, Asia and Latin
America, national objectives will best be served, at least in the medium
term, by cooperating in the operation of regional applications centres that
utilise the global products of an internationally supported facility. The
Regional Drought Monitoring Centres of Africa provide a model for such
development. Here the expensive satellite receivers, communications
equipment and computing support are housed in a common applications
facility and serve to generate products for common usage. However the
Centres are dependent on the timely receipt of analyses, and on
interpretations of likely developments of the global climate system.
ELECTRONIC DISSEMINATION OF CSM INFORMATION
Climate sensitive industries, particularly for food and fibre production,
are dependent on climate information for effective management. Timing and
the choice of operational decisions will influence productivity and quality
of output. Therefore, information on the climate system and its predicted

29
evolution, especially of the local characteristics, must be rapidly
accessible to industry decision makers.
The timely application of climate information at the local industry level
is dependent on efficient transmission of CSM information from the global
analysis centre(s) to regional application centres and on to national
centres and users. At each step there is a filtering of the incoming
information and addition of more detailed local information. Care must be
taken to ensure information relevant to the end user is not filtered during
the distribution.
Traditionally, dissemination of meteorological information has been by
broadcast techniques. For example, specified data bulletins are broadcast
over the GTS. Also, information is made available to the public by radio
and television broadcasts and packaged information to the print media.
These methodical techniques minimise the call on staff time in processing
centres. For many industry managers the broadcast of information at set
times is inconvenient or inefficient. A missed broadcast negates the value
of the information, or value of the information is degraded while it is
awaiting its transmission slot.
Distributed databases are feasible but, depending on their structure, have
a requirement for central administration if their efficiency is to be
maintained. In the near future a more practical approach is for global
analysis centre(s) and regional application centres to maintain databases
that are linked by high speed communications lines. Such links would allow
user selection and transfer of only those data appropriate to the specific
application.
There is a rising demand from users for information to be available to meet
their specific needs. There are a number of emerging technologies for
users to interrogate databases and bulletin boards for text and graphical
information. The ability to browse through menus allows users to select
the most appropriate information for their needs in a timely and cost
effective manner.
It must be recognised, however, that the technical infrastructure of some
developing countries will not support the emerging information processing
and dissemination technologies. This is not a reason to constrain
development, but more a reason for WMO to encourage assistance from donor
countries for upgrade of the infrastructure.
SUMMARY
Advances in satellite observing systems, communications and data processing
over the past two decades have provided new and powerful tools to monitor
the global climate system. Systematic monitoring and analysis have given
new insights into the structure and processes of the global climate system.
WMO has responded to the availability of useful products and the need for
their wider distribution by making routine diagnostic material available
through the CSM Monthly Bulletin and raising awareness through the Biennial
CSM Review. There is a need for these products to continue.
It is now time to assess the international structures and systems available
for efficient processing of climate system data and for effectively making
useful products accessible in a timely manner at the local level in support
of decision and policy makers. One or more global processing centres
supporting regional applications centres is one model for international
cooperation. Attention will have to be given to national and international
communications networks that collect all relevant climate data and
distribute climate monitoring products. Unless the needs of developing
countries are addressed in the assessment there will continue to be data
gaps in many regions and full use will not be made of the products,
especially for food production.
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REFERENCE CLIMATOLOGICAL STATIONS (RCS)
Raino Heino
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and
CCI Rapporteur on Reference Climatological Stations

INTRODUCTION
Long-term climatic data have in recent years been the subject of diverse
studies. This is mainly due to the global increase of the atmospheric
greenhouse gases and its possible climatic consequences. Reliable climatic
information is also necessary for research on all kind of other forcing
factor relationships in natural climatic fluctuations (e.g. solar and
volcanic effects, variability in the ocean-to-atmosphere heat flux).
Climatic observations are presently available for much of the world. The
most recent changes (at least since the 1960s) and also future changes can
therefore be examined reasonably well. Climatic research, however, needs
information from earlier periods:
- for detecting the signal of the expected changes against the noise
- for verifying the sensitivity and the results of climate models
- for studying the impact of various kinds of changes.
One very important fact should be recognized when using climatic data.
Meteorological networks were originally established to determine climatic
patterns and subsequently, to obtain real-time data for weather forecasting
purposes. Consequently, the accuracy and continuity aspects have not
necessarily been of primary importance. In recent years, however, more has
been required of these observations, because they are used as indicators of
climatic change with accuracies of a few tenth of a degree, e.g. for mean
temperatures.
Long-term changes in most climatic elements have been, and will probably
continue to be, small and slow, and are hidden under great year-to-year
variability. The background trends and cycles, however, can be revealed
with the help of time series techniques, but various inconsistencies in the
records themselves may seriously affect the research results.
In fact, the causes of long-term climatic changes can be divided into two
main classes: apparent and real. In addition to real climatic changes and
their causative factors (e.g. changes in general circulation, atmospheric
transparency, solar constant, etc.), which are normally the sole object of
research work, climatic change may also be apparent due to several
instrumental or observational reasons. And although a change would be real,
it may only by due to local-environmental causes, which are relatively
seldom the object of study. In larger-scale studies the local changes are
thus only regarded as apparent.
Instrumental and observational methods vary from one country to another and
this may adversely affect larger-scale climatic studies. For the same
reasons observations, especially precipitation measurements, are not
comparable from one country to another. Discontinuities over national
borders can partly be avoided by using anomalies from some reference
period. At the same time the records become comparable with respect of
different altitudes and aspects of the stations, too.
The circumstances have changed greatly in the course of time, causing
inhomogeneities in national records. If parallel observations have been
made in the old and new circumstances over a sufficiently long period, the
values of the other record can be reduced to a new "level". If parallel
measurements are missing, which is the normal case, a variety of
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statistical methods are available for estimating the inhomogeneity and for
producing reasonable corrections (e.g. Mitchell et. al 1966, Abbott 1984).
The homogeneity of climatic records, and the foundation of a world-wide
network of highly representative and homogeneous reference climatological
stations, has recently been the focus of interest by the WMO Commission for
Climatology. Its former president has pointed out that, "in the framework
of the World Climate Programme, a network of such stations must be
identified or, where necessary, established. Failure to do so will make
determination of climatic fluctuations and trends uncertain even in the
future" (Landsberg, 1980).
PRESENT SITUATION
The present WMO definition of and recommendation for reference
climatological stations (RCS) are as follows (WMO, 1988):
Reference climatological station:
A climatological station the data of
which are intended for the purpose of determining climatic trends. This
requires long periods (not less than 30 years) of homogeneous records,
where man-made environmental changes have been and/or are expected to
remain at a minimum. Ideally, the records should be of sufficient length to
make possible the identification of secular changes of climate.
Each Member shall establish and maintain at least one reference
climatological station.
Each reference climatological station should be sited with an adequate and
unchanged exposure where the observations can be made in representative
conditions. The surroundings of the stations should not alter in time to
such an extent as to affect the homogeneity of the series of observations.
The present state of the network of reference climatological stations,
however, has been unknown. Some countries may have nominated their RCSs,
but they are not generally known outside the country. With the help of
published studies and other available information, the following facts are
known to the Rapporteur:
- in the U.S.A. a climatological bench-mark network was established
already in the 1950s (Swartz, 1956). Later the network has been
reorganized.
in the U.K. a network of key climatological stations was also
established in the 1950s. Recently the network is being reorganized
(personal communication).
- most countries in Europe have not yet nominated any official RCSs
(personal communications).
- North European countries have initiated in 1989 a joint project to create
a North Atlantic Climatological Data Set, of which the RCSs of the area
(60°W-30°E, 55-80°N) will be selected.
Many other RCS-related activities are probably being performed in various
countries. More information is needed about these activities, and the data
from the RCSs is especially needed for research purposes. Studies of
large-scale climatic changes (e.g. due to greenhouse, volcanic or solar
effects) require long-term, homogeneous climatic records from different
regions; often from the whole hemisphere or globe. Some research
institutes (e.g. National Climatic Data Center, Asheville, USA, National
Center for Atmospheric Research, Boulder, USA and Climate Research Unit,
Norwich, UK) have their own compilations of foreign data taken from the
Global Telecommunication System, World Weather Records (WWR) or various
other sources.
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The most popular source of data may be the WWR, but it contains very many
inhomogeneities (cf. Griffiths, 1983). To give an example, the Rapporteur
has studied the observations records for Helsinki, which has much been used
in various foreign studies, because it is the only long-term Finnish record
in the WWR (cf. Fig. 1).
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1. Major relocations of the observing site in 1844 and 1961; the effect of
the latter site change was according to simultaneous measurements 0.2°C in
mean temperature and even 0.6°C in mean minimum temperature. In addition
minor relocations of the instruments.
2. Changes in the temperature measurements in 1844, 1880 and 1922 (i.e.
window measurements plus two different screens). The effect on mean
temperature, however, is negligible except in summer (0.2-0.3°C).
3. Changes in observing times and/or averaging formulae in 1844, 1927,
1947 and 1971. Their effect is less than 0.5°C in Helsinki, but at inland
stations even 1°C in mean summer temperatures.
4. Strong urbanization especially in the first half of this century. At
present the urban area is approximately 1°C warmer than the surroundings.
5. In addition, a severe bias in many international data bases and studies
is due to mixing the urban records (climatological station) with the
Helsinki airport records (synoptic station), especially since 1961 when the
World Weather Records began to publish the airport values.
Fig. 1. Annual mean temperature (°C) in Helsinki (60°N 25°E) in
1831-1991 (published, uncorrected values and their 15-year moving
averages; dashed line = urban records followed by airport values).
Thus, the present status of the RCSs is far from satisfactory. Many
long-term climatic data records are from urban areas and do not fulfil the
criterion of "minimum man-made environmental changes". On the other hand,
the records from many rural stations are still quite recent. Some densely
populated and industrialized countries may have great difficulties in
finding undisturbed areas at all. Man-made environmental changes should
thus be accepted in many cases. Information on potential RCSs, however, is
needed so that the best possible network can be selected for studies of
past and future climatic changes.
WMO INITIATIVES
Inventory of climatological stations
In order to investigate the network of world (=s climatological stations and
to fulfil the data requirements of the World Climate Programme the WMO
Secretariat initiated in the beginning of the 1980s a project to make an
inventory of the world's climatological stations (INFOCLIMA Part 1). This
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survey is also intended to help national meteorological services to keep
their own station inventories up-to-date in a systematic way, and to
develop more uniform observational practices.
Most of the WMO Members have sent information on their climatological stations, including also information on station histories and observation
programmes. The information received has been put onto a computerized database. Summarized information and statistics on the networks of South
America and Africa have been published by WMO (next volume for Europe under
preparation).
At the same time the WMO inventory is useful when selecting the world ps
RCSs. Because the inventory contains the main features of the station
histories (e.g. site changes and interruptions) and lists of all climatic
elements observed, a preliminary selection of the RCS-network might be made
once the selection criteria are agreed on. However, more information is
needed for the final selection and the help of individual countries is
necessary.
Questionnaire of reference climatological stations
In 1990, followed by the CCI- and EC-recommendations, the WMO Secretariat
sent a questionnaire on the present RCS-network as well as on the need for
a government level international agreement on the protection of reference
climatological stations.
Up to now 75 countries have reacted to this questionnaire. The present
number of proposed stations is about 2300 (table 1). However, many
countries sent only a list of their long-term climatological stations. On
the other hand, several countries had realized the idea of the RCS-network
and sent good lists of a few, selected candidate stations for the final
network. It was pity that so many countries did not react at all to the
questionnaire. Thus the inventory of climatological stations (chapter 3.1)
will have an important role in the selection phase. Cross-checking of these
two inventories should, in any case, be made.
Table 1. Summary of reference climatological stations (RCS) according to
the WMO questionnaires.
WMO Region

I

II

III

IV

Number of RCSs

193

205

313

1057

Number of RCS, which
are also CLIMAT-stations

114

89

132

14

14

8

Number of countries, which
sent information

V

VI

Total

224

303

2295

255

108

76

774

6

10

23

75

The questionnaire also contained comments on the need for governmental
level international agreement on the protection of RCSs. Several countries
supported generally this kind of activities, while others considered it
unnecessary, especially before the final network of the RCSs has been set
up.
SELECTION CRITERIA FOR REFERENCE CLIMATOLOGICAL STATIONS
Ideally, a reference climatological station (RCS) should:
a) be representative of its area,
b) be in a rural environment far enough from densely populated or
industrialized areas,
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c) have good, trained observers and reliable instruments available, and
regular inspections and technical servicing in order to maintain high standards ,
d) have a wide range of climatic elements in its observation programme;
observations should be carefully quality-checked,
e) have long, unbroken records of high-quality data,
f) have undergone no significant relocation, changes of observing
instruments or their exposure, and, methods, or times of observations,
g) be permanent,
h) preferably be a synoptic station as well as a CLIMAT-station.
In addition, the number of RCSs should be great enough to facilitate both
global and regional studies and applications. The number of RCSs and
auxiliary/reserve/future RCSs should be great enough also to work as a
basic network for national purposes (in the "calibration" of other
climatological stations).
Although expressions like "rural", "far enough", "good", "regular", "permanent", etc. can be interpreted very broadly, quite few of the observation
stations of the world would qualify according to the above criteria. More
clarification and discussion are needed in order to identify the stations
which fit the criteria most accurately. These questions have been discussed
e.g. by Mitchell (1961), WMO (1966), Griffiths (1983) and WMO (1986). In
the following, the components of various selection criteria for RCSs are
discussed by going into further details:
Representativity
In the case of RCSs, as well as for other stations, representativity essentially depends on the intended use of the station. In time-series analysis
of a single station, its areal representativity is not as important as the
continuity and homogeneity of its data. In spatial studies areal representativity is naturally important, but depends to a large extent on the
element in questions (cf. pressure and precipitation). The representativity
of a station is not always the same in all directions. A coastal station,
for example, may be highly representative for long distances along the
coastline, but due to dense isolines for most climatic elements, its
representativity may be quite poor across the coastline. The same is true
for altitude and topographical conditions.
Environment
In practice, man-made changes can never be avoided, at least , in the past
when observations have been made be people. At the present time and in
future, because of automation, observing stations can be sited far from
human settlements, and this offers the possibility of collecting
undisturbed observational data at some of the potential new RCSs.
A typical history of an observation station with long records is as follows
(Mitchell 1953, Griffiths 1983): a rural or a small town setting - growth
of city - relocation to a nearby airport - growth of the city to near the
airport. Part of the variation in the generally agreed temperature trend of
the Northern Hemisphere (increase to the 1940s - decrease after that resent increase) may thus be due to such development of several stations
used in the analysis. According to a recent estimate (IPCC, 1990), the
urban effect should be less than 0.1°C in the global temperature increase.
However, it might be necessary to include exact figures for population
limits in the selection criteria for RCSs.
Even if a station is not situated in a growing city, many other man-made
disturbances may be possible in the immediate vicinity of the station e.g.
new buildings, felling of trees, reforestation, changes in the ground or
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soil, irrigation, artificial lakes, etc. which may significantly affect
some of the climatic elements observed. One of the best locations may be
close to a forest or agricultural research station, where the surroundings
have often remained and probably will remain quite constant for an extended
period. National parks, biosphere reserves and other protected areas are
also an ideal choice.
No exact environment requirements can be given. From the more or less disturbed stations we have to try to select the ones where ^environmental
changes have been and/or are expected to remain at a minimum"-.
Observers and instruments
RCSs should be staffed by well-trained observers. Training and testing
should be regular in order to avoid biases in the observational routine.
Extra observers should be available in case of sickness, vacations, or
other similar occasions, in order to avoid any interruptions.
The instruments used at the RCSs should be reliable and regularly
calibrated. They should be standardized and comparable with earlier ones.
Calibrated backup devices and autographic equipment should always be
available in cases of failures. Visits by experienced inspectors and
technicians should take place frequently, at least once a year, preferably
in different seasons.
Climatic elements and quality control
As a minimum criterion, temperature and precipitation, at least should be
measured at RCSs. Preferably the observations of temperature should include
also the maximum and minimum temperature. Atmospheric pressure, cloudiness/sunshine and snow could be the next most important elements. Radiation
measurements are also important in a (separate) less dense network.
The data produced by RCSs should go through the strictest quality-control
procedures normally applied to climatological data (cf. Abbott, 1985).
Stations should be immediately informed of any observational biases.
Length of records
The longer the records are, the greater any disturbances normally are. Some
RCSs should, however, have long (more than 80 y) observation records, and
the homogeneity of these records should be checked most carefully, and
corrected if necessary. If data are missing they should be spread over
various seasons, and more than 1-2 years of completely missing data should
not be allowed.
In many stations, especially outside Europe and North America, continuous
observations were started after World War II. Bearing in mind the new
standard normal period, 1961-1990, every RCS should have data available for
at least this period. They can thus also be used as reference stations in
the analysis of data from other, more disturbed stations for that period.
Past continuity and homogeneity
Where there is a long station history, serious inhomogeneities are often
due to changes in observing sites; e.g. vertical changes or changes across
dense isoline-gradients may cause noticeable inhomogeneity. All relocations
have to be checked using the proper homogeneity tests.
A RCS should have as few relocations as possible, and all of them should
have been climatically compatible. Sometimes a significant change of site
may not be shown in the history of the station. A typical source of
inhomogeneity is a gauge-location shift great enough to alter the effective
catch of the gauge but not great enough to lead to an official change of
the station. The coordinates and the height may also remain the same.
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Changes in instruments must also be studied carefully, in order to find any
discontinuities. The exposure of the instruments must be checked, too.
Changes e.g. in the temperature screens or shields of precipitation gauges,
normally cause some kind of inhomogeneity. Methods used and observation
times should also be checked. Averaging methods are sensitive to any
changes of observation times, which may introduce especially large
inhomogeneities in the data records.
Permanence
Because one of the most important tasks of the RCSs is the reliable
verification of possible future climatic changes, the future continuity of
the RCS is essential. If the station is closed, it will soon be useless for
monitoring climatic events as well as for other climatological studies and
applications. In addition to the continuity of the station itself, the
permanence of the environment conditions, in the foreseeable future, is
extremely important.
However, if any changes in instruments, sites, methods, environment, etc.
are to occur, measurements should be made simultaneously for the old and
new conditions for a suitable period. The time depends strongly on the
variation statistics, and varies from element to element, and from one
climatic zone to another.
Type and number of stations
In the first place a RCS should be a synoptic and/or principal
climatological station, because these types of station are mostly official
stations belonging to national meteorological services, and their future
continuity and quality standards can be guaranteed better than in those of
lower class stations.
Moreover, CLIMAT-stations should first be studied carefully, and be
selected to work as a RCS if the minimum criteria are fulfilled. The
present candidate RCS-network (Table 1) already contains several
CLIMAT-stations. The use of CLIMAT-stations for global monitoring purposes
would, in any case, require the fulfilment of many of the criteria for the
RCSs, e.g. in order to get reliable reference/normal values.
Ideally the networks of CLIMAT-stations and RCSs should coincide, but this
is surely too strong a requirement in practice. If it is impossible to find
enough synoptic/CLIMAT/ principal stations which meet the requirements of
the RCS-network (and this may be the case in many countries), some ordinary
climatological stations could be used to fill the gaps in the required
network. The future continuity of the stations should be very strongly kept
in mind during the selection phase.
No exact numbers for RCSs or their density are presented before a survey of
all potential RCSs has been made. The present recommendation ("each Member
shall establish and maintain at least one RCS"), however, seems quite
modest for larger countries, and the area of the member country should be
taken into account.
The recommended number of CLIMAT-stations is presently 10 stations per
250.000 sq km (in reality the number is greater in some areas, but much
less in large, less-populated areas). This could be a good start for the
preliminary survey in establishing the network of RCSs, too. It is clear
that the number of stations with long, homogeneous observation records
cannot be so high, and many more-recent rural stations, and some reserve
RCSs, could be included in these figures. Ideally the whole network of
climatological stations should be available in testing the homogeneity of
each RCS. RCSs should be distributed as evenly as possible, and should
represent the major climatological areas of the region in question.
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HOMOGENEITY OF CLIMATOLOGICAL RECORDS
The inhomogeneities in climatological time series may take the form of:
- impulsive (step-like) change of central tendency
- progressive change (trend)
- some kind of oscillation.
Most of the inhomogeneities fall into the first category (change in
instrumentation and observational or averaging methods, relocation of the
station). These inhomogeneities may affect not only the average values but
also the higher moments, i.e. the variability or other distribution
parameters (skewness, kurtosis).
In practice, however, the inhomogeneities in any longer-term series are
complex combinations of many factors. Climatic records, of course, contain
variations which are due to several real causative factors, which may also
take any of the above forms. Apparent variations should, of course, be
identified and eliminated before proceeding too far in the detection and
identification of real variations and their causes.
The study of homogeneity should be divided in two phases:
- location of possible inhomogeneities
- checking of the significance of the change.
However, several statistical methods (non-parametric test-types) only
indicate whether a bias has been included in the data records, without
indicating its location.
A straightforward way to locate possible points of inhomogeneity is to make
a careful study of the "methodological" history of the country in question
(e.g. country-wide changes in instruments, or times of observations, and
averaging methods). The background of each observing station should also be
checked from inspection reports or other relevant documents. Any changes in
instrumentation or observation methods used in individual stations, as well
as changes in the location of the station or its environment, should be
checked as possible sources of inhomogeneity.
The study of methodological changes, and especially of the histories of
individual stations, is quite hard and time-consuming work, and may, in
practice, only be possible in the country in question, where the necessary
information is to be found. Linguistic problems and many other factors may
also hinder this kind of study. Often, station histories are not complete
enough, or they are missing totally. Thus, other methods are needed.
Various graphical methods (e.g. running means, differences/ratios between
stations, double-mass analysis) are visually effective, but the
corresponding decisions for or against homogeneity are rather subjective.
Parametric and non-parametric statistical test methods provide objective
and quantitative rules for acceptance or rejection of a hypothesis of
homogeneity on the basis of the probability of its occurrence. This depends
on the size of the sample in question.
An international agreement on general homogeneity checks, applicable and
acceptable for different climatic elements (and areas) would be very
valuable. All reference stations could then be tested by these methods in
order to guarantee the quality of each RCS before using or publishing its
data.
If any corrections are to be made in data records, not only the corrected
data but also the original should be available, because correction methods
are still more problematical than homogeneity tests, and better methods of
correction may be developed later.
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GLOBAL AND REGIONAL BASELINE DATA SETS FOR CLIMATE CHANGE STUDIES
Kenneth D. Hadeen
National Climatic Data Center
National Oceanic and Atmospheric Administration
Asheville, NC
and
CCI Rapporteur for Global and Regional Baseline Data Sets
INTRODUCTION
The expert meeting on Global Baseline Data Sets convened in Asheville,
North Carolina, to discuss the requirement for baseline data sets as the
measurement tool for climate studies. The goals of this meeting were to
consult with global climate change scientists to determine their needs for
baseline data sets and prepare a plan, goals, objectives and methodology
for the construction of baseline data sets.
The whole question of which global baseline data sets should be recommended
for preparation to meet the needs of scientists monitoring global climate
change and evaluating regional climate change depends on (1) what data sets
are needed (what is useful in the short term and what is ultimately needed
and can be produced in the long term); (2) what data and information are
available (including quality of the data and problems associated with i t ) ;
and (3) the strategy to be employed in preparing data sets.
Numerous international scientists have been consulted regarding the needs
for long time- series data. In particular, data sets are needed for many
climate elements. The need can be divided into two areas: 1) variables
which are essential to understanding and detecting climate change; e.g.
clouds, temperature, improved temporal and spatial time series sampling;
and 2) climate elements which are most sensitive to particular ecosystems
and are expected to undergo significant change with enhanced greenhouse
gases; e.g., cyrospheric elements in high latitudes, water balance
quantities in water sensitive ecosystems, etc.
These results suggest that Global Baseline Data Sets should be composed of
data that are spaced as evenly as possible over the globe, but in many
instances there will be areas of unevenness where local ecosystems are
particularly sensitive to changes in specific components of the climate
system. This is an important concept that we will have to acknowledge as
we strive to build and improve our data sets. The Experts consider that
the construction of the baseline data set should have goals and objectives
over both the short term and long term. The basic goal is to construct
global data sets that can be used and accepted as the official data set for
climate change studies. The starting point for achieving the goal is to
define the integrity, spatial and temporal resolution of each identified
data set.
REQUIREMENTS FOR BASELINE DATA SETS
It was recognized that various climatological applications have
requirements that differ as to scale, period, and temporal resolution. A
sample of these various requirements is shown in the table below. The
group stated that data requirements for regional and global data sets vary
as to station density, and that initial efforts to construct data sets
should be limited to global requirements. However, the experts strongly
recommended that the Secretariat encourage Members and/or regions to submit
to the appropriate World Data Centers additional stations along with their
corresponding metadata so these may be consolidated into regional data sets
which will contribute to global change studies.
It was pointed out that some of the parameter requirements not listed below
were beyond the WMO direct responsibility (e.g., biomass data), but that
WMO has a requirement to collaborate with the appropriate agencies and/or
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groups having responsibility for these data types to ensure data
compatibility and possible future integration.
Within the global temperature data set, special emphasis should be placed
on a network of surface temperature reference climatological stations.
These should have monthly or preferably DAILY data available and should be
stations commencing between approximately 1850 and 1920 - about 500
stations minimally distributed worldwide. In some areas, the
climatological reference station will start late (e.g., ANTARCTICA around
1957). The intent is to expand to 1,000+ stations eventually.
REQUIREMENTS TABLE
Scale*

Period*

Climate Change Global
Temperature Detection

Updated

Application

Resolution
Monthly
Time Series

Surface
Precipitat ion
Pressure
Both Land & Ocean
Upper Air

Temp.
GCM

Parameters**

Global

Reference
Period

Characteristics
Climate
Monitoring/
Global/
Prediction
Regional
(Winds)
Numerical Global
Weather
Prediction Reetc. )
Analysis

Daily/
Monthly
Synoptic

Temperature
Precipitation
Radiation
Cloud Cover
Snow Cover
Water Vapor
Upper Air Data
Sfc.

Updated Daily
Time Series

T, P (SST & P)
Upper Air

Reference
Period

Synoptic

Sfc. Meteorology
Upper Air Data
Geophys. (SST

** Either in-situ or satellite data may be used to determine some
parameters. Data sets that exist that could be a potential candidates for
a global baseline data set would be the integration of the World Weather
Records, Climat, Climat-temp, and COADS. These data sets are currently in
reasonable condition, and given an intense effort in quality control,
filling in the gaps, and proper storage media action, they could prove to
be the basic data set required.
SCALES OF BASELINE DATA SETS
Global means complete coverage of the world at a resolution which permits
determination of broad patterns but is not sufficient to investigate
patterns and variability at a regional scale.
Regional means a finer spatial and temporal resolution to permit
investigation of patterns and variability in parameter fields at the
regional and national level.
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PERIOD OF BASELINE DATA SET
Updated Time Series are meant to indicate the full period of record of
available information which is regularly updated in a timely manner.
Updated refers to a data set which describes the present or most recent
short period which is regularly updated in a timely manner.
Reference Period refers to some finite period on the order of a decade
a few decades in length.

or

DESCRIPTION OF USEFUL BASELINE DATA SETS
The expert group focused on the preparation of high quality data sets of
observations that could be used to prepare a variety of necessary products.
Examples of these products are:
*
Global gridded analyses of monthly land and sea temperature
and precipitation anomalies. Other variables include snow cover, sea ice
cover, etc.
*
Grids of long period means and variability to verify climate
models. Some of the variables needed are: (1) surface and upper air
temperature, moisture, winds; (2) precipitation; (3) horizontal radiation
at the surface, sea surface temperature; (4) earth radiation budget; and 5)
cloud variables.
*
Output from atmospheric reanalysis using 4-D data assimilation
methods. The output is a set of gridded analyses of normal variables
(temperature, winds, etc., plus model diagnostic variables). The latter
include precipitation, ocean surface heat fluxes and evaporation, clouds,
radiation fluxes, etc.
Both the primary data and the products need to be readily available to
researchers. Some of the data have a high volume, but much of the output
can be made available at very low cost. A special effort will be made to
prepare data sets of the primary data and products on low-cost media that
can be used in all countries. WMO must preserve the free and open exchange
of all meteorological data between Members.
RECOMMENDED FORMATS FOR GLOBAL DATA SETS
Each of these global data sets has a unique format. It has been determined
that the International Marine Magnetic Tape (IMMT) format of global marine
data is inappropriate for historical baseline data sets. The
Comprehensive Ocean-Atmosphere Data Set (COADS) has developed a unique
format that can be distributed in ASCII. The Global Historical Climate
Network (GHCN) and the Comprehensive Aerological Reference Data Set (CARDS)
are currently in an ASCII format, but BUFR is being considered as an
additional exchange format if sufficient interest is generated. At the
present time most of the users of the historical baseline data sets appear
to be content with ASCII. BUFR and GRIB formats seem to be more popular in
the operational weather forecasting community. Nonetheless, World Data
Center-A plans to store the GHCN data base, as well as portions of the
COADS data base, in BUFR and GRIB. WDC-A expects to distribute the data
base in ASCII, BUFR, and/or GRIB format. The CARDS project is still
flexible as to the exchange format of the data. The experts pointed out
the need of developing countries to have data in a CLICOM-compatible form.
It was acknowledged that the main input of data would be from the GTS and
from the World Meteorological Centers, but important inputs could come from
other Members holding valuable data that are missing from the world
records. It was mentioned that the most likely format to be used in most
instances would be CLICOM-compatible format. The value of the WMO Data
Rescue (DARE) project was discussed with general agreement that it could
serve to speed up the entire effort of constructing baseline data sets.
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The desire of the experts was that once missing or questionable data were
identified, priority for data rescue could be given to those data records
or countries. The Secretariat representative stated that this would be
investigated with the major donors.
CRITERIA FOR THE PREPARATION AND MAINTENANCE OF GLOBAL AND REGIONAL CLIMATE
BASELINE DATA SETS FOR BOTH LAND AND OCEAN OBSERVATIONS
Criteria have been developed for the preparation and maintenance of global
land and ocean data bases. CLICOM was initially developed for the WMO. It
is a PC-based climatological data entry and quality control system
developed for land-based stations. It was modified (Bissinger and Manns,
1991) under a pilot project to allow for the keying of ship data (a moving
platform) for the WWI/II periods. This was developed as negotiations were
in progress with China to perform a substantial amount of keying. In
addition, the WMO would be able to provide CLICOM users the modified
software to digitize and quality control marine observations. Due to
political factors, an agreement to do the digitizing never materialized.
Therefore, the Rapporteur is coordinating with the United States National
Climatic Data Center (NCDC) to start the keying effort using CLICOM. At
the end of 1990 approximately 150K observations had been digitized. This
included all of the 1918 observations and 75% of the 1941 data. Although
the CLICOM software worked as designed, the hardware proved to be a
limiting factor as NCDC attempted to increase production to meet
requirements of the scheduled COADS Release 2 update. In July 1991, the
digitizing task was converted to the standard data entry system used by
NCDC. At the end of August 1991, all available merchant marine
observations were digitized for the years 1915-1918 and 1941, totalling
439K observations.
Development has continued concerning the design of the format for archiving
the final merged data set. This includes adding fields so that additional
original code and data indicators could be included in the observation.
This is one more step in improving the metadata. Although the NCDC
archiving format has been generally established, minor modifications may be
necessary depending on the final format of data received from the different
foreign sources providing data under bilateral agreements.
The IMMT format established by the WMO for exchanging marine data works
well for contemporary data that is observed according to recent
internationally established practices, but does not work well for
historical data sets. Several of the foreign data sources have converted
their historical data holdings to this latest IMMT version with a resulting
loss of information. For example, during the conversion, original units or
codes are often lost (e.g., a wind observation originally observed in
Beaufort Force is converted to knots or meters per second). The
Rapporteur is corresponding with these countries in an effort to retrieve
enough information to convert the codes back to the original values.
NCDC is also performing a second level Quality Control (QC) where the keyed
data are processed through an automated system that flags inconsistent and
out-of-range values.
Through an interactive PC system, operators compare
the flagged values with the original forms and make all possible
corrections. Those that cannot be corrected will be permanently flagged as
suspect in the final QC of COADS Release 2.
In addition, the Rapporteur has coordinated an effort to identify areas and
time periods around the globe for which additional data would be of
greatest benefit for reducing the uncertainties associated with calculating
changes in regional and hemispheric mean temperatures. This is being
accomplished via Monte Carlo simulations using GCM model output and global
averages of temperature from NOAA's Micro-wave Sounding Unit (MSU). The
results of these analyses should be available in 1992 or early 1993, and
will be used to determine the most beneficial additions to the data base.
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STUDY AND RECOMMEND ACTIVITIES RELATED TO THE PREPARATION OF 6RIDDED
CLIMATE DATA SETS (6CDS), INCLUDING DERIVED PARAMETERS THAT ARE NOT
DIRECTLY MEASURED WITH CURRENT OBSERVING TECHNIQUES
At this time several algorithms for gridding data have been identified.
This includes methods of optimal interpolation, least squares regression
(with enhancements to preserve observational variance; i.e.., inflated
regression), and inverse distance weighing. Of special interest in the
field of climate change is the most efficient means of using maximum
volumes of data. This is aggravated by the fact that many stations with
long records do not continue through to the present time. The problem of
how best to incorporate these data into a gridding scheme aimed at
quantifying climate and global change is not clear. For example, one
method that has been used consists of converting all data to anomalies for
a common base period. This eliminates stations which do not have data
over this base period. Another method uses a base station over a given
region so that all stations can be adjusted to this station during years of
common operation. In order to understand the advantages and disadvantages
of these methods, several computer experiments need to be conducted. This
has not yet been accomplished.
It was concluded that gridded data can be a very effective way to integrate
information from various sources such as upper air soundings, aircraft
observations and satellite- derived information, but that a complete
gridded data set would take enormous work to construct and should be one of
the goals to be strived for in the next 5 to 10 years. The U.S. National
Meteorological Center, in cooperation with the U.S. National Center for
Atmospheric Research (NCAR), is planning a 35-year reanalysis over the next
few years. The major problems in achieving a gridded data set are that:
(1)

all the data have to be assembled and computer processed using
one model to eliminate discontinuities of multiple system
processing, and

(2)

input data should be temporally homogeneous.

However, it should be recognized that gridding of various data is the
method of integrating these diverse data types. At the present time, the
initial phases of developing a global drought index using monthly
temperature and precipitation are underway. The intent of this index will
be for global applications, with a variety of time lags built into various
sub-indices so that the diverse interests within the fields of hydrology,
agriculture, climate, etc., can use the index most appropriate to their
work.
DETERMINE CURRENT GRIDPOINT ARCHIVES AND RECOMMEND HOW BEST TO CONSOLIDATE
THESE FILES
The IPCC supplement proposed a common grid for the global temperature data
sets that have been used by climate change scientists. These scientists,
however, have indicated that they prefer not to reduce these data to a
common grid, because the techniques they used to derive these data sets do
not readily lend themselves to changes of grid scale. Results from Task 6
may shed additional information on this particular problem.
TRACK THE PROCESSING, IMPLEMENTING AND EXCHANGE OF 30-YEAR STANDARD
NORMALS, AND ASSIST THE WMO SECRETARIAT WITH THE PREPARATION, PUBLICATION,
AND DISTRIBUTION OF THE MEMBERS' 30-YEAR STANDARD NORMALS ON CLICOMCOMPATIBLE MEDIUM
The Rapporteur will undertake the task of comparison of the 30-year
averages and various other period of record averages calculated for the
MONTHLY CLIMATIC DATA FOR THE WORLD (MCDW) and the 30-Year Standard Normals
as calculated by each country. The Rapporteur will assist WMO in
distributing the 30-year normals in CLICOM-compatible formats and media.
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VALIDATION OF BASELINE DATA SETS
The Expert Group recognized the need to supplement the basic Global
Baseline Data Sets as constructed above with researcher-improved data sets.
It was suggested that the WDC, in collaboration with WMO, establish a
mechanism to certify that data sets meet a certain standard, can be
identified with a scientist, and are available through the WDC system.
As a starting point for this certification procedure, the group suggested
the following:
1.

there must be a peer-reviewed published paper documenting the
data set;

2.

the data set must be in computer-compatible format;

3.

the elements and scope of the data set must be defined;

4.

documentation must be available that describes the format;

5.

there must be no restriction on the distribution of the data
set; and

6.

appropriate credit must be given to the scientist who formed
the data set, and in most cases the data set would be named
after the scientist.

Two basic data sets that are currently being created that will follow the
above criteria are GHCN and CARDS. GHCN Version 1 will be released by June
1992. This program is a long-term initiative between the Carbon Dioxide
Information Analysis Center (CDIAC) and NCDC. The initiative is to
construct a data base containing monthly temperature, precipitation, sea
level pressure, and station pressure data worldwide. The GHCN is compiled
from 16 national, regional and global scale data sets. It contains 6230
temperature stations, 7963 precipitation stations, 1907 sea level stations,
and 1900 station pressure stations. All stations have at least 10 years of
data. Spatial coverage is good over most of the globe, particularly in the
United States and central Europe. Data "gaps" are.evident over the Amazon
rainforest, the Sahara desert, Greenland, and Antarctica. Table 1 lists
the data sets assimilated in the GHCN.
The goals of the CARDS project are to produce an upper air data set based
upon radiosonde and pibal observations suitable for use in evaluating
climate models and detecting climate change. To achieve these goals it is
necessary to collect upper air data from various sources and to digitize
(key) older data, to develop station histories, to develop methods of
identifying and/or correcting "rough" errors (quality control, QC
programs), and to develop methods for removing biases (changes in the data
due to changes in instrumentation or data reduction methods) from these
data (see Table 2). A final step to ensure data integrity consists of a
limited analysis of these data in the context of greenhouse gas-induced
climate modification.
CARDS will consist of three data bases: first, there will be a "raw" data
base consisting of all the upper air reports in the form the data were
received (no corrections applied); secondly, there will be a quality
controlled data base which will contain sounding corrected for "rough"
errors; the third data base will be one in which detected biases in the
data have been removed from the second level data base. In other words,
there will be a set of computer programs which will operate on the raw data
base to create the quality controlled data base and a second set of
programs that will operate on the quality controlled data base to remove
biases from the data. This design has been chosen because it is certain
that programming errors will be discovered and/or better analysis
techniques will be developed after the data bases are constructed.
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Specifically it allows the reconsideration of bias corrections without
rerunning rough error edits.
The CARDS data base will be formed by building a kernel which consists of
the first five data sets in Table 2. Data in the kernel will be
supplemented with data from the US national data set (TD 6201) and the USSR
national data set. The USSR national data set will be sent to the NCDC in
1992. NCDC has also requested 38 national and regional data sets through
the WMO. These data sets will also be used to supplement the CARDS data
set.
The primary focus of these programs is to provide the Global Climate
Perspectives System (GCPS) with high quality homogeneous time series. GCPS
will use these data to display maps of year/month data, anomalies, period
differences, trends or fluctuations for the world or any region. Time
series for a station or climate division, or areally-weighted data for a
region of the world, will show historical changes in climate. This global
climate data base retrieval system will allow for near real-time analysis
of climatological data bases for scrutiny by scientists and policy makers.
METHODOLOGY FOR THE PLAN
The expert group recognized that to achieve success in the construction of
baseline data sets, the methodology of how they would go about it must be
carefully studied. Thus, it was decided that the group would first
undertake a pilot project involving only the seven Members represented at
the meeting.
This pilot would serve to solve procedural problems prior to
involving all Members. However, it was recommended that all Members should
be informed of the efforts of the Rapporteur and this group of experts.
This will be done through normal WMO channels and through the publication
of this report. It was stated that often pilot projects are never
completed because the tasks are too large or difficult, but in this case
every effort would be made to involve all Members as soon as each phase of
the pilot is completed. Thus the complete implementation of each phase
would depend only on the success of that particular phase
of the pilot project. It was decided that the most important data sets for
a baseline would be those from the COADS, CLIMAT and CLIMAT-TEMP networks,
from the MCDW and World Weather Records. The experts endorsed the
recommendations of the CC1-X as being consistent with the goals of this
project, those being the increase in CLIMAT stations and the inclusion of
additional variables in the CLIMAT messages for which concrete proposals
have already been circulated.
THE PHASES OF THE PLAN
As stated above, the plan for the construction of global baseline data sets
would be divided into phases. The short-term phases of the plan address
five distinct objectives:
1.

to improve the spatial resolution and quality of climatic data
in the MCDW and WWR;

2.

to extend the number of climatic variables that are available
in the MCDW and WWR;

3.

to increase the number of station reports that countries issue
through the CLIMAT network;

4.

to update and publish in both digital and hard copy form the
MCDW and WWR and their extensions in a more timely manner; and

5.

to establish a high quality core data set for climatological
research available to all countries.
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These objectives would be achieved by three phases which would run
concurrently. PHASE-I would aim at objectives 1, 2, and 3 above. The
following steps would be undertaken as soon as possible.
1.

A circular letter will be prepared to inform all Members of
the activities of the project; ACTION—WMO

2.

The current MCDW and WWR Tapes and all other available data
will be merged into a current data set; ACTION—WDC-A

3.

A complete inventory for each country in item 2 will be
completed and forwarded to WMO; ACTION—NCAR

4.

A pilot country committee (led by the Rapporteur) will
establish a data format, surface and upper air station history
questionnaire for distribution by WMO; ACTION—RAPPORTEUR

5.

A letter informing the pilot country contacts (participants in
expert meeting) of the inventory and requesting all missing
data and metadata for their stations will be sent; ACTION—
WMO

6.

Data and metadata will be collected and analyzed from the
pilot countries with an evaluation of the improvement to the
data base being completed; ACTION—WDC-A,B

7.

An updated letter and questionnaire will be sent to all
Members with the appropriate inventory to request their
assistance in completing the data set; ACTION—WMO

8.

With the above letter each Member will be requested to expand
the number of stations reporting under World Weather Records
and to suggest possible new Reference Climatological Stations;
ACTION—WMO with assistance of the CCI Rapporteur on Reference
Stations

9.

Data sets (MCDW and WWR) will be serially completed,
discontinuities identified and corrected (if possible),
metadata will be appended to the data set and the data set
will be published; ACTION—WDC-A,B

10.

Concurrently with 1-9 above, the COADS and UK ocean data sets
will be compared and consolidated (if beneficial); ACTION—UK
Met Office, USA NOAA.

11.

The World War I and II ocean data will be investigated to
determine if the inclusion of these data in the Ocean Data Set
improves the data base; ACTION—USA NOAA

12.

Other Members will be contacted to determine if other ocean
surface data exist that may not be included in the ocean data
set; ACTION—WMO

13.

The "Maury Collection" will be key-entered and included in the
data set as appropriate; ACTION—USA NOAA

14.

The Ocean Surface Data Set will be consolidated and published
through the WDC system as the Global Baseline Ocean Surface
Data set;
ACTION—WDC

15.

Work will begin on the upper air (CLIMAT-TEMP) data set
following the above activities, unless adequate additional
resources can be identified by the Members so that work can
begin immediately.

There are many tasks which will require immediate action for this project
to succeed. For example, the data input format will need to be defined,
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the station history questionnaire and format will need to be designed, a
new format for the Monthly Climatic Data of the World publication will have
to be designed to accommodate the additional variables (Max and Min Temp,
period of record for normals, etc.) and stations. These tasks will be
initiated by the Rapporteur with appropriate support from the WMO
Secretariat.
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TABLE 1.

GLOBAL HISTORICAL CLIMATE NETWORK (GHCN) DATA REFERENCE SETS

1)
60-station data set from the PRC (temperature, precipitation, and
pressure).
2)
Douglas Mexican data set (300-station data set consisting of
temperature and precipitation).
3)
USA Historical Climatology Network (1219 stations of temperature,
including maximum and minimum, and precipitation).
4)
USSR 223 stations with daily precipitation and maximum and minimum
temperature.
5)
USSR 243 stations data set of monthly mean maximum, minimum and total
precipitation.
6)

Groisman 622 monthly total precipitation data set for the USSR.

7)

Jacka Ocean Island temperature and precipitation data set.

8)

Nicholson African precipitation data set.

9)

NOAA/NCDC Tape Deck 9799 African precipitation data set.

10)
NOAA/NCDC Tape Deck 9799 Non-African tropical latitude precipitation
data set,
11)

Diaz global precipitation data set (monthly totals).

12)

Jones global temperature data set (monthly averages).

13)
NCAR's World monthly surface station climatology (monthly mean
temperature, total precipitation, and pressure).
14)
World Weather Records (monthly mean temperature, total precipitation,
and pressure).
15)
NOAA/CAC Climate Anomaly Monitoring System (CAMS) (monthly mean
temperature and total precipitation).
16)

Special German CLIMAT collection.
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TABLE 2.

COMPREHENSIVE AEROLOGICAL REFERENCE DATA SET (CARDS)

WMO baseline upper air data set
GTS/NMC DATA

JAN 1973

DEC 1990

GTS/NCAR

JAN 1971

DEC 1972

MIT/NCAR

MAY 1958

APR 1963

TDF 56

1946

1970

TDF 54

1930

1970

USSR NATIONAL
DATA SET
(59 STATIONS)

DEC 1960

DEC 1990

TD 6291 USA

1960 - DEC 1990

AUSTRALIAN NATIONAL
DATA SET

1960 - DEC 1990

OTHERS*
GTS
NMC
NCAR
MIT
TDF
TD

Global Telecommunication System
U.S. National Meteorological Center
National Center for Atmospheric Research
Massachusetts Institute of Technology
USAF Tape Deck Format
US National Data Set, Tape Deck

* WMO is working to obtain 38 national and regional data sets for the CARDS
project. WDC-A and WDC-B are negotiating to obtain other national data
sets.
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CLIMATE DATA MANAGEMENT IN DEVELOPING COUNTRIES
Mohammed Kadi
Office National de la Météorologie
Alger, Algeria
and
CCI Rapporteur on Climate Data Management in Developing Countries and
Data Rescue
Data management is one of the most basic functions of a climatology service.
Work towards a better understanding of climatic change and climate impact
provides us with many examples of the need to have full, reliable
climatological data available on easily useable media.
A number of
international forums have pointed out shortcomings in data management in
developing countries. The WMO's World Climate Data Program (now the World
Monitoring Program) continues to devote a good portion of its action plan to
significant projects aimed at improving the situation. This is the framework
within which I have undertaken, between sessions, to establish a detailed
diagnosis of data management in the developing countries and to propose
concrete activities that could improve the situation.
The report contains the following documents:
a)

Summary of work accomplished (this document).

b)

A document entitled "Improving Climatological Data Management in
Developing Countries: Problems and Solutions", which is based on two
questionnaires - see Appendices A and B:
- Appendix A analyses the state of data management reported for 22
developing countries in regions 1, 2, 3, 5 and 6.
- Appendix B analyses data management in developing countries as seen
by 16 developed countries.

c)

An as yet incomplete draft technical document containing guidelines for
certain aspects of climate data management.
PART 1. MANAGEMENT OF CLIMATE DATA

To work out guidelines aimed at improving climate data management, it is first
necessary to identify shortcomings by reference to some standard.
In
climatology, the system for producing reliable data is fairly complex and
constantly changing, so that evaluation of practices should be a regular coordinated activity.
When an evaluation is made, it is important not only to collect objective
information but to work in such a way that the climate services are made aware
of these same shortcomings, devise local solutions or possibly take steps to
initiate an external solution.
EVALUATION OF ACTIVITIES BY THE DEVELOPING COUNTRIES
After consultation with the chairman of the working group, a questionnaire was
sent to 35 countries in various regions of the developing world. The response
was encouraging. Even though the questionnaire was sent out by the rapporteur
rather than by WMO as is the custom, a good sample was achieved, with 22
countries replying:
RA1:
RA2:
RA3:
RA4:
RA5:
RA6:

Algeria, Benin, Cameroon, Egypt, Guinea
Mali, Morocco, Tunisia, Ruanda, Zimbabwe
Hong Kong, Saudi Arabia, Nepal, Pakistan
Argentina, Brazil, Chile, Colombia
Indonesia, Malaysia, Philippines
Lebanon
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While the prime objective was information gathering, the questionnaire was set
up in such a way as to let the countries:
-

assess shortcomings in the climate data management process

- suggest concrete local or external solutions that would overcome or
attenuate these shortcomings
- find out about and start up WCP projects related to data management
and international exchanges.
Content of the Questionnaire
Questions dealt with the following matters:
a)

Management of observing networks

It is essential that the observation network run properly if reliable data are
to be produced.
The main point here was to show the need for a proper
approach to the observation system.
b)

Management of climate data

This part sought to bring out action needed to improve data management,
specifically with regard to:
-

data quality control procedures

-

records processing and archives management
organization of the computerized data bank
services to users
international exchange of data and documentation.

Reference was made to various WCDP/WMO projects and specifically to published
guidelines and documents related to the following projects: CLICOM, DARE,
INFOCLIMA, GDPS, METADATA, NORMALS AND REFERENCE STATIONS.
Analysis of Questionnaire
Analysis of the
conclusions:

answers

from

the

22

countries

leads

to

the

following

(a)
In most countries, there are encouraging improvements in climate data
management practices. This is the result of action taken under the WCDP,
sometimes through WMO, sometimes in a bilateral framework, and sometimes using
the country's own resources. Particularly notable is the ongoing process of
installing and operationalizing CLICOM systems in all regions, as well as DARE
in region 1.
The situation as reported by WCP and IDCC as of the end of March 1992 shows
that:
among the 101 countries with CLICOM systems, 85% are developing
countries
almost 30 countries in RA1 have data rescue programs.
(b)
There are notable differences between countries, due basically to the
level of training of climatology staff and their knowledge of electronic data
processing.
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(c)

There are major problems requiring solution in the near future:
- the low priority weather services given to climatology and to data
management, despite all the publicity around the potential dangers of
ignoring climate when deciding on solutions to socio-economic problems
problems in co-ordinating and especially in managing observation
networks
lack of reliable telecommunications and specialized staff
- in some countries, handwritten climate records continue to be stored
under unsuitable conditions
- introduction of electronic processing is slow and laborious and there
is a lack of specialists and of follow-up for installed systems; in
particular, many practical problems have arisen following CLICOM
installation
- computer resources are few and hardware requirements for CLICOM are
underestimated
-

participation in WCDP activities is not very encouraging.

EVALUATION BY THE DEVELOPED COUNTRIES
A second questionnaire was sent out to developed countries dealing with:
-

their international assistance work related to data management
problems and shortcomings in the existing system

-

proposed solutions (which they might implement).

Replies were received from 16 countries: Australia, Belgium, Canada, China,
Czechoslovakia, Denmark, England, Finland, France, Germany, Ireland,
Netherlands, Norway, Sweden, Switzerland, USA.
The main recommendation is to establish regional focal points (International
Data Centres) to support climate data activities. The basic functions of such
centres are set out in the other document included in this report. Existing
centres could undertake these functions. The ACMAD centre would seem to be
indicated for Africa.
OTHER ACTIVITIES
Two other important matters were looked at in the context of the above
evaluations :
a)

International Data Exchange (CLIMAT messages)

The Meteorological Office of Bracknell analyzed the transmission of CLIMAT and
CLIMAT and CLIMAT TEMP messages, and the results were used to write a
technical document on the preparation and transmission of these messages. The
document was circulated to 68 developing countries. The analysis (a summary
of which was also sent to these countries) showed that:
-

CLIMAT messages from 10 countries had not been received at all
11 other countries were using incorrect codes

-

47 countries - the great majority - were not transmitting regularly.
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b)
In connection with the Global Baseline Data Sets project (GBDS), an
initiative was undertaken, in co-operation with the Carbon Dioxide Information
and Analysis Centre (CDIAG - Oak Ridge Laboratory) and the National Climatic
Data Center (NCDC - Asheville), to let developing countries have a copy of the
data available at the world centre in computer-useable form (in ASCII code for
example). These data, which are often in incomplete and unrevised sets, would
be checked and corrected by the countries, and gaps filled in, and then a copy
would be sent to the world centre as a GBDS project.
DATA RESCUE
Along with CLICOM, DARE is one of the most important projects in the WCDP.
Its objectives are:
collecting and storing deteriorating handwritten climatological
records, and transferring them to durable media such as microfiches and
microfilm
- putting a selection of the data into computer-useable form, using
CLICOM for example
making the resulting database available to the international
scientific community
DARE Activities to 1991
Information obtained from the IDCC centre in Brussels (Mr. Dreze), shows that
1988 saw completion of the database for the 9 countries of the CILSS, and that
between 1989 ad 1991 the following work was done:
collection and storage in 18 countries
-

evaluation in 4 countries
putting records on microfiche in 9 countries

-

equipment supplied to at least 20 countries

The receiving countries, other than the 9 CILSS countries, were Benin, Ghana,
Sao Tome, Sudan, Ivory Coast, Madagascar, Seychelles, Burundi, Guinea, Sierra
Leone, Congo, Mauritius, Gabon, CAR, Rwanda, Djibouti, Cameroon, Nigeria,
Ethiopia and Togo.
Current Situation
Much data rescue work has been done and continues to be done in the countries
of RA1.
The methodology of DARE, which is being implemented by the
international structure of the IDCC at Brussels, has been shown to improve
data management through production of easily useable databases on durable
media.
However there is still a pressing need to strengthen the project in region 1
and extend it to other regions where climatological records are in a similar
state.
To this end, WMO should support the efforts of existing centres such as the
IDCC but it should also look for other effective ways of making rapid progress
in this task, which is of such great importance to the countries themselves
and to the international scientific community.
Current plans to extend and strengthen this activity should be concretized in
the near future. This is also one of the objectives in setting up regional
focal points.
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Personal Note:
I have sensed a certain reticence regarding the data management question. I
agree where duplication is involved, but it seems to me that data management
in developing countries can only be improved through a quasi-operational
system.
There
are
Regional Meteorological
Centres
and
Regional
Telecommunications Centres which produce data and products and evaluate them
in real time, and there should be an equivalent system (Regional Climatology
Centres) to track and evaluate climatology data and products. This should be
part of the WCP system, not that of the WWW.
PART 2 IMPROVING CLIMATE DATA MANAGEMENT IN DEVELOPING COUNTRIES PROBLEMS AND
POSSIBLE SOLUTIONS
This report is based on the two evaluations attached as Appendices A and B.
It presents the current situation in data management, and the outlook for
improvement, as seen by the developing countries and by the developed
countries. It also sets out the points that should be implemented during the
next session.
CURRENT STATE OF DATA MANAGEMENT AND REMEDIAL ACTION UNDERTAKEN
To meet the objectives of the World Climate Data Plan (WCDP), between 1986 and
1990 the developed countries undertook a series of activities to add to the
work already done by the developing countries themselves, with a view to
improving climate data management. The most notable of these activities were:
a)
The most important activity of the US, Canada, France, England and
Finland over the past five years has been the CLICOM project. To date, over
100 countries have been equipped with this system. This activity has included
software development, preparation of and translation of documentation, and
supplying of complete systems (hardware, software, training).
b)
A second activity is the climate data rescue project (DARE), being
carried out jointly by Belgium and the WMO. This now involves 25 countries,
all in Africa.
c)

Some countries such as Germany have had bilateral activities.

d)
Some countries such as the Netherlands are proposing to provide
assistance in the form of bilateral activities.
PROBLEMS AND SHORTCOMINGS IDENTIFIED
General Problems
a)
There is a lack of stability in basic activities (observations;
transmission and management of data).
Aside from weaknesses in this
infrastructure, there are problems with the training system.
In many countries there are also significant shortcomings in both the internal
and external telecommunications system.
b)
Many weather and related services continue to underestimate the
usefulness of climatology and the importance of the data management function.
c)
Because of economic and social development needs, it is very
difficult to maintain operational observation sites and produce uniform data
sets.
d)
Many weather services are experiencing
climatology is the function most often affected.

funding problems, and
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Transmission of Data
a)
Internally, climatological records are not always prepared, and
when they are, they are not transmitted to a single site for archiving and
storage.
b)
International procedures are not followed.
periodic confirmations and messages to international
satisfactory.

Transmission of
centres is not

Some countries do not transit CLIMAT and CLIMAT TEMP messages.
Other
countries, when they do transmit these messages, do not always follow the
right code.
Documentation and Human Resources
a)
There is insufficient staff assigned to data management and they
need specific training, especially in using modern management methods.
b)
Many services appear to lack documentation; even WCP technical
notes are not available.
Also, available documentation is not easily
accessible.
c)
There is a lack of simple manuals for the basic functions such as
observation and data quality control, including the preparation and
transmission of messages.
Data and Records Management
a) Archiving
-

There is a wide variety of climatological forms.

-

Forms are often not prepared, and sometimes they are lost.
Archives are poorly kept. Storage facilities are inadequate.

- Archive management is not strict enough in some cases (storage, loans
not monitored, etc.) and it is not organized in a clear way.
- In some countries there is no inventory of archives and there are no
station histories.
b)
-

Processing
Filing of climatological records is unsatisfactory.

There is no microfilming or computer equipment, or staff does not
know how to use it, so that data in processable form are not available.
There are gaps in many historical data sets, and there are
methodological problems in controlling and using them.
Computer media, where they exist, are not always compatible.
- The CLICOM system has been installed in over 100 countries, but in
many it is not yet operational.
In this regard, it is important to identify all the problems countries have
making computer systems viable. The micro-computers used in CLICOM may
contribute a great deal, but it is also important to develop a "computer
culture" in climatological services.
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DATA IN COMPUTER-READABLE FORM
The inventory of computer-readable data from the developing countries, and
available there or elsewhere, is an important question.
Appendices A and B show that some countries have such data. Also, some large
international centres (NCDC and others) have databases on various regions of
the world.
With some assistance, the potential exists for sending copies of the data to
the developing countries on floppy disks, in CLICOM or ASCII format.
These countries would then:
- have partial data in machine-readable form for CLICOM applications,
without the need for data entry
- be able to contribute to the project of establishing global data sets
(GBDS), by correcting data and adding missing data.
Since this is one of the objectives of the DARE project, it is worth noting
that participating countries now receive a copy of their data on machinereadable media.
Countries in possession of such data are prepared to provide it despite the
technical problems of putting it on a specific medium and in a specific
format.
PRIORITIES FOR REMEDYING SHORTCOMINGS
The overall picture is encouraging by comparison to an earlier period when
very few developing countries had processing facilities, whereas now over 100
have at least a CLICOM system or the equivalent, and others have managed to
transfer their records onto reliable media such as microfilm. However there
is still much to be done.
National and international efforts need to be combined and focused on:
More education of decision-makers on the importance of climatology
and data management, by WMO in co-operation with national weather
services.
This could obviously be done within the framework of the national climatology
programs.
Improved basic meteorological
transmission, processing capacity).

infrastructure

(observation,

There was even a suggestion that there be WMO missions of experts to identify
the real problems that exist regarding telecommunications.
A real improvement in the training of staff responsible for data
management:
a) Staff should be invited to developed countries for
practical training
b) CLICOM training should be more thorough and there should be regular
follow-up
c) Make use/knowledge of microcomputers more widespread by reviewing
theoretical needs of weather services
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d) Standardize climatological operations to some degree in order to
avoid having several types of form and also to avoid use of different
formulas when calculating humidity or pressure reduction
e) More support for DARE and CLICOM, including continuous technical
support service
f)
Prepare and make available
transmitting and processing data
g)

simple manuals

for

collecting,

Set up an efficient data storage system.

h) Set up, through CLICOM, a procedure for improved exchange of data
and experiences.
To achieve the
established.

above, it is suggested

that

international

centres be

INTERNATIONAL CENTRES TO SUPPORT CLIMATE DATA MANAGEMENT
Concept, Objective and Essential Roles
The problems of availability of data and adequate data management are
frequently raised at international meetings. The problems (listed above) run
from a lack of interest in these matters to a lack of knowledge of certain
practical rules and insufficient training. The problems have been magnified
with the introduction of modern processing techniques. Solutions appear to
be short-lived and are not followed up.
The idea of setting up international data centres arises from experiences at
centres such as DARE and from the current design of the CLICOM project. Such
centres could constitute the appropriate mechanism for ensuring a minimum of
support to data management activities, especially CLICOM. They would also
provide an important link when it comes to improving international exchanges.
This proposal is not in any way intended to undermine the prerogatives of
world centres that are already in operation, much less the prerogatives of the
countries themselves. Its purpose is to help solve problems.
Functions of the Centres
CLICOM and DARE were designed mainly to improve data management in developing
countries. But as many have noted, support and follow-up have been lacking.
As Dr. Ballentine of the Meteorological Office commented: "Often an installed
system will break down and the infrastructure does not exist to put it back
in working order. There is no provision to ensure remedial action within a
reasonable time."
Thus the main function of the proposed centres would be to provide permanent
support to projects, as well as follow-up on other data-related tasks.
Generally speaking, the centres would have the following activities:
a)

CLICOM

The goal would be to support the operation and development of CLICOM:
by keeping systems operational and supporting maintenance
by monitoring operations (data capture, control)
by assisting in the installation and operation of applications
by developing and promoting applications
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- by testing, supplying and maintaining CLICOM software, manuals and
documentation.
b)

Co-ordination

There is a real felt need for co-ordinating data collection and processing
activities. The centres would:
work out and circulate appropriate operational instructions and
methods, including quality control methods, frequency and method of
storage, etc.
- set up a clearinghouse process to facilitate exchange of information
on experiences
- regularly analyze problems common to several countries and develop
suitable viable solutions
c)

International Data Exchange

The centres could play a focal role and act as centres for international data
exchanges :
by facilitating and encouraging data exchange
- by supporting the activities of world centres ( World Weather Records
and Monthly Climatic Data for the World, for example)
- by converting existing data in a variety of media and formats to
CLICOM format, i.e. achieve media compatibility
d)

Other Data-Related Activities

act as data storage centres and support storage of data from
developing countries
- participate in training the specialists needed to manage data better
and to prepare technical notes.
Opinion of Developed Countries
It should be borne in mind that the present report is based on answers to a
questionnaire distributed to experts in developed countries, as well as on the
results of the survey of 22 developing countries with many common problems.
All countries support concrete action and some appear to be enthusiastic
(Canada, France, Belgium, USA etc) about the idea of setting up the kind of
centre described above.
-

France is proposing to take one such centre.

- Belgium and Canada are committing themselves to provide support for
the establishment of such centres.
-

The US wants to participate.
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CLICOM
P.M. Gwage
Department of Meteorology, Kampala, Uganda
and
CCI Rapporteur on CLICOM
INTRODUCTION
CLICOM was conceived under the WMO World Climate Data Programme (WCDP) with
the following primary objectives:
a)

Assist in digitizing climate data and thus reduce data loss due to wear
and tear;

b)

Transfer data management technology to member countries particularly
those in developing countries.

Overall benefits expected include the following:
a)

Improved user
development.

services

to

the

community

leading

to

economic

b)

Create a media and format through which data can be exchanged among WMO
Member countries and scientists; thus increasing data utilization
leading to better understanding of weather and our climate system.

The implementation of the CLICOM Project, supported by various agencies and
Member countries notably WMO, UNDP, UNEP and USA, has been successful. The
USA donated the CLICOM software and has offered to continue its development
and support. CLICOM Release 3 is expected soon.
CLICOM has had considerable success so far. The majority of the CLICOM
beneficiaries are from developing countries with Regional Association I being
the prominent beneficiary as illustrated by Fig. 1.0. However, in the course
of implementing this project several problems have arisen. The problems
range, from lack of skilled personnel (to use the systems effectively), to
lack of parts and skilled technicians to maintain the systems. In a few cases
this included lack of power supply for the systems. Despite these problems
the 10th Session of the CCL resolved and decided that a rapporteur on CLICOM
be established with the following terms of reference:
a)

Undertake a survey of the currently installed CLICOM systems to
evaluate the utilization of the systems to achieve the primary
objective of data entry and also broader national objectives and to
identify needs for additional training tutorials and sessions to
improve the utilization of CLICOM systems.

b)

Review the completeness and adequacy of training manuals, maintenance
documents and software support guidance and CLICOM systems and
recommend and undertake additions or alterations as appropriate.

c)

In close consultation with the Rapporteur on Data Rescue Management in
developing countries study and recommend data management practices that
should be included in the CLICOM systems.

d)

Contribute material to the news letter "CLICOM NEWS".

e)

Advise on the computerization of various standard climate procedures
and practices on CLICOM e.g. 1961 - 1990 standard normals and coding
transmission of CLIMAT and TEMP messages.

f)

Advise on future development and implementation of the CLICOM Project.
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This report focuses on the activities of the Rapporteur. It is to be noted
that the installation of CLICOM system in Uganda was delayed; this has had
some setback on the work, of the Rapporteur.
CLICOM UTILIZATION QUESTIONNAIRE
The objectives of the questionnaire are two fold namely:
a)

Evaluate utilization of the installed CLICOM systems with particular
focus on its primary objectives i.e. digitization of meteorological
data and improvement of climatological user services.

b)

Identify problems and suggest
utilization of the systems.

solutions with

a view

of

improving

A questionnaire was designed by the Rapporteur and circulated to member
countries with installed CLICOM systems by WMO. The responses were summarized
by the Secretariat and forwarded to the Rapporteur for further analysis.
A total of about 88 CLICOM systems were installed by about end of April 1990.
If all the 88 installations were polled then the 20 responses represents 22%.
Because of the low response any estimates from this survey must be treated
with caution. Table 1 shows the distribution of the response by region. The
responses were generally very poor with exception of region III. Region I has
the largest number of installed systems 78%. The low response may be due to
communication problems. Whatever the problem may be, it calls for follow up
action.
Table 1 Distribution of Responses by Region
Region

Response

I
III
IV
V

10
3
4
3

Installed
Systems
41
3
16
7

Percentage
Response
24
100
25
43

Method of Analysis
Responses for each question were treated as an entity in its own right; this
approach gives a true picture of responses for a given question i.e.
computation is based on number of members who answered a particular question
or part of a question.
The responses were analyzed and the results are
discussed under Installations, Implementations, Training and Maintenance.
CLICOM Installations
Table 2 below shows category and type of network installed. The first figure
indicates responses for this category and the second number total responses
for this question or part of question. The dominant network in operations the
IBM Token Ring, although there are a few Novel network. The Table also shows
the performance of the Token Ring i.e. it requires larger memory than the
installed memory. Because computer RAM has become cheap this problem should
be easily overcome by upgrading. The survey also clearly indicates that there
are problems associated with the network operations other than memory. It is
to be noted that networks are rather complex and thus the two weeks training
is not adequate at all, even if the installations have been done(40% of the
networks have not been installed).
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Table 2 Distribution of Installed Network By Region and Category
Region

Networked

Not
Networked

Token
Ring

Novel

Requires
Large RAM

4/10
2/3
3/4
3/3

6/10
1/3
1/4
0/3

3/4
1/3
4/4
2/3

1/4
1/3
0/4
1/3

3/5
1/3
4/4
2/3

8/20
40

10/14
71

I
III
IV
V
Total
%

12/20
60

3/14
21

10/15
67

Table 3 (a) shows the distribution of the CLICOM systems by Region and
category. Over 50% of the PCs in the countries which responded are either XT
or AT compatibles. With caution, the totals in this table can be used to
estimate the distribution of each type of PC installed.
Such an estimate
would provide a very useful figure for financial planning of replacement or
upgrades particularly for servers.
Table 3 (b) shows distribution of PCs by Region and RAM size. A total of five
PCs have a maximum of 640KB. This means that these PCs should either be
replaced or upgraded. Upgrading is not cost effective because of two reasons:
a)

these PCs are likely to be XTs whose performance is much lower;

b)

these PCs have exceeded their life span and thus expansion may not be
wise.

Table 3 (a) Distribution of PCs by Model by Region
Region
I
III
IV
V
Total

XT

AT

PS/2
M-30

6
3
1
3

16
4
2
5

10
0
3
0

11

24

18

PS/2
M-50

PS/2
M-60

3
0
0
2

3
0
3
0

PS/2
M-70

PS/2
M-80

0
0
1
0

Others

1
0
1
0

Table 3 (b) Distribution of PCs by Region by RAM Size
Region

640KB

I
III
IV
V
Total

1MB

> 2MB

4
2
2
2
10

Implementation of CLICOM Systems
Installation of a system is not implementation.
Implementation includes
installation and archiving an operational status i.e. the system is used for
data entry, quality control and archiving as a routine with a well defined
procedure. Reports can be generated from processed data to answer specific
questions. Such a system has achieved an operational status.
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Table 4 (a) shows a clear overwhelming statement about the CLICOM Project.
All the respondents rated CLICOM useful. The Table also shows distribution
of activities for which CLICOM has been put into use, only 38.8% of
respondents use the system for both Climat services and word processing.
However, the highest word processing
percentage is only 30%. This may also be initially before CLICOM became
operational.
About 95% of the members who responded to this question have commenced
digitizing their data. About 50% of station data has already been entered.
However, 41% indicated problems associated with the implementation of the
system. This may be an under estimate of the real situation. 63% and 53% are
archiving and generating reports respectively.
Although these figures
represent some modest success they could be increased tremendously if the
problems encountered above are solved. It is interesting to note that the
percentage of CLICOM installations archiving data is close to that generating
reports. This gives some measure of credibility of the responses on data
archiving.
Table 4 (a) Utilization of CLICOM Systems by Region
Region
I
III
IV
V
Total
%

Useful

Uses of CLICOM
Climat only
Climat & WP

9/10
3/3
4/4
3/3

5/8
2/3
3/4
1/3

19/20
95

11/18
61

3/8
1/3
1/4
2/3
7/18
39

Table 4 (b) Distribution of Data Entry Activity and Problems by Region
Region

I
III
IV
V
Total
%

Data Entry Activities
Started
Percentage Digitized
<50%
>50%

Problems
No
Yes

8/9
2/3
4/4
3/3

4/5
0/3
2/4
1/3

1/5
3/3
1/4
2/3

4/7
3/3
3/4
2/3

3/7
0/3
1/4
1/3

18/19
95

7/15
47

7/15
47

10/17
59

7/17
41

Table 4 (c) Status of CLICOM Implementation
Region
I
III
IV
V
Total
%

Archiving

Generating Reports

7/9
2/3
1/4
2/3

5/9
3/3
1/4
1/3

12/19
63

10/19
53
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CLICOM Training
Training is an important component of the CLICOM Project for effective
utilization of the CLICOM system. Table 5(a) shows the distribution of
seminars, participants and number of persons actively engage in using CLICOM
by region. The survey indicated that 85% of installations were provided with
training and a total of 87 persons were trained. In general more people were
trained than required to man the CLICOM system. It is interesting to note
that 41 people had previous PC knowledge. This figure compares very well with
the number of persons actively engaged in running of CLICOM systems.
Table 5(b) is a rating of the training provided. Although the course material
and delivery was rated as good (73%), about 67% of the participants rated the
duration of the course short. Also number of examples was rated 50% as too
few. The survey seems to indicate two major shortcomings of the training
seminars namely duration and number of examples. Discussions with friends
from various countries has supported this fact namely short duration. While
CLICOM has sufficient documentation and tutorials; this is not adequate for
implementation of the CLICOM system. CLICOM is rather difficult to use
compared to many commercial packages and thus requires longer training than
the proposed period. Another factor which was not taken into account at the
time of designing the workshop is the low level of computer literacy among
participants. It is further to be noted that both Region I and IV rated the
course as too short (71% and 100 respectively) and too few examples (50% and
75% respectively). These regions have low computer literacy.
Table 5(a) Distribution of Seminars by Region
Region
I
III
IV
V
Total
%

No. (of Persons
with PC Knowledge

No. of
Trainees

Training
Provided
9/10
2/3
4/4
2/3
17/20
85

51
20
11
5

18
12
8
3

87/87
100

41/87
47

No . Engaged
in CLICOM
26
5
6
3
40/87
46

Table 5(b) Shows Course Ratings
Region

Course Duration

Materials &
Delivery

Too
Short
5/7
1/2
4/4
0/2

Good

Fair

Enough

Too Few

I
III
IV
V

Just
Right
2/7
1/2
0/4
2/2

4/7
1/2
4/4
2/2

3/7
1/2
0/4
0/2

3/6
1/2
1/4
2/2

3/6
1/2
3/4
0/2

5/15
33

10/15
67

11/15
73

4/15
27

7/14
50

7/14
50

Total
%

Examples

Maintenance and Support
Over 58% of the installations had a breakdown. Drives and unspecified parts
(others) broke down more frequently (about 32%) than other parts. None of the
installed printers broke down indicating the high reliability of printers.
Table 6(a) shows distribution of faults by region by components.
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Table 6(b) shows distribution of faults and rating of Agents' performance by
region. Of the breakdowns only 37% of the faults were rectified. About 63%
of the breakdowns could not be rectified due to parts or some other reasons.
Of interest is the availability (90%) of agents or computer firms in the
countries which responded and of these (Agents or Computer firms) 80% have
been rated satisfactory. This seems to contradict the high number of faults
Table 6(a) Distribution of Breakdowns by Components by Region
Region
I
III
IV
V
Total
%

Hardware

CPU

Drive

5/10
2/2
2/4
2/3

2/10
1/2
0/4
1/3

2/10
1/2
2/4
1/3

2/10
1/2
0/4
1/3

3/10
1/2
1/4
1/3

11/19
58

4/19
21

6/19
32

4/19
21

6/19
32

Printer

UPS

Others

Table 6(b) Distribution of Faults and Rating of Agents by Region
Hardware
Breakdown

Region

I
III
IV
V
Total
%

Faults
Rect.

Reasons for
not Rectifying
Parts Others

Agent

Rating of
Agent
Good Poor

5/10
2/2
2/4
2/3

0/5
1/2
1/2
2/2

2/5
1/1
0/1

2/5
0/1
1/1

4/4
2/2
1/2
3/3

3/4
1/2
1/1
3/3

0/4
1/2
0/1
0/3

11/19
58

4/11
37

3/7
43

3/7
43

10/11
90

8/10
80

1/10
10

not rectified. This may be attributed to lack of capital or foreign money in
such agents to stock parts.
Very few of the member states seems to be
experiencing consumable problems.
Discussions and Recommendations
The main emerging problems are associated with inadequate training and
maintenance resulting from lack of parts. The number of responses was far too
few to make firm inferences.
Nevertheless based on these data some
recommendations can be made.
Training
There has been indications that the training seminars of two weeks are far too
short and therefore totally inadequate particularly to those services where
computer literacy is low. There is, therefore, need to organize additional
training at both regional and national levels where necessary. Two options
are examined and discussed below:
a)

Long duration training, about 2 months, in which participants would be
exposed to CLICOM. Participants would be required to come with daily
data from their services. During the training each participant would
be assisted to set up a prototype CLICOM system using his/her national
data.

b)

A three week seminar for services who have had the initial two weeks
training at either regional or national level. Such a seminar should
aim at reviewing basic features of CLICOM and then moving on to more
advanced features. Again it will be important for every participant to
come with daily data to be used as in a) above.
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Financial resources and facilities will have to play an important role.
Alternative b) has the advantage that the micro systems are available at a
service and more people would be trained. Although it will be necessary to
limit the number of participants to ensure effectiveness. Alternative a ) ,
however, would require additional and sufficient equipment at some centre.
Once this is done more courses can be organized regularly at such a centre.
National Services should be encouraged to increase computer literacy of
meteorologists by taking advantage of existing facilities within their
countries.
In view of advances in the computer technology and problems identified by this
survey it is further recommended that a trainer workshop be organized. Topics
for this seminar should include the following:
a)

Review of training
training seminars

strategies

in

light

of

inadequacy

of

earlier

b)

Basic hardware detection and resolution techniques

c)

Critical evaluation of the network training offered in earlier seminars
and recommend improvements in future seminars.

Maintenance, Support and Upgrade
The survey does reveal some problems associated with rectifying faults, indeed
63% of breakdowns have not been rectified for one reason or another. Although
this does not necessarily mean that all these systems are not running it is
important that visits be made to all installations and detailed inventory of
type of faults be made. This could be done on the same programme of the
training i.e. where the faults do not hamper the training, the expert conducts
the training and also attempts to rectify the faults.
In order for this to be effective, it is necessary that the expert travel with
a full CLICOM kit including some basic parts. This does call for experts to
be all round which may be difficult. This can be achieved by incorporating
some element of basic hardware maintenance in an Instructors workshop as
suggested above.
It would appear that the performance of agents or computer firms in the
countries which responded is good. The problem may therefore be on lack of
parts rather skills. It would be expensive for each state to stock its parts;
which may never be used. It would therefore be cost effective to hold funds
centrally and parts are dispatched on request basis.
Early installations were based on XT or AT compatibles with a memory size of
640KB. The servers of such installations require upgrading or replacement.
It is recommended that a list of such installations be drawn up from the WMO
records for possible upgrade or replacement consideration.
MANUALS
CLICOM has three manuals i.e. two tutorial and one reference manual(s). All
the manuals are sufficiently detailed. Despite the presence of the manuals
CLICOM installations are finding problems in using the system.
It is
necessary to discuss each category of manuals separately.
The Tutorial Manuals
These manuals are excellent but rather large and bulky for a desktop computer
environment, where space is a premium.
In practice it is very useful to
capture the attention of the explorer and hold it to the screen and keyboard.
This is the strategy adopted by many commercial packages. This also has the
added advantage of reducing the tutorial manuals in volume and number. There
is need to review the manuals, i.e. the hard copy and the soft copy if this
view is acceptable.
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The CLICOM Manual
This manual, again like the tutorials, has had a lot of thought given to it.
However, it has combined two manuals i.e. user manual and reference manual.
By so doing it has made it difficult for a user to get down to serious data
management activity without having to study the manual in detail.
A user's manual should contain basic information on how to use main features
of a system to gain confidence.
One of the few chapters should contain
example(s) of setting up a prototype database e.g. rainfall database. This
could then be followed by some pseudo climatological database looking at a few
parameters. At the end of the first few chapters a user should be in position
to tackle setting up a database.
The reference manual on the other hand should contain more advanced features
of CLICOM including full exploitation of the system. Again the chapters for
taking full advantage of the power of CLICOM should be the last ones in this
manual.
CLICOM INSTALLATION
The installation of the package has been complicated by the numerous batch
files. Even the CLICOM experts may not find them easy to figure out problems
if they should occur during installation. The batch files are accessible by
many users and could be altered.
It is recommended that the batch files
should be reviewed and reduced to bear minimum.
SHIPPING OF CLICOM
There seems to be considerable difficulty in making an inventory of what has
arrived. This is very useful information to the CLICOM expert to install a
system. It may be useful to work out some very general code that may be used
by non professionals to identify parts received. Maybe this has already been
resolved by now.
THE CLICOM NEWS BULLETIN
The CLICOM NEWS Bulletin provides useful media for sharing of experiences on
the CLICOM System.
The Rapporteur has contributed an article on Uganda's
experience. The CLICOM NEWS Bulletin also provides a very useful media for
carrying out small surveys.
Its contribution to the CLICOM project is
significant, particularly with future issues, because many installations would
be operating.
ATTENDANCE OF RELEVANT MEETINGS
The Rapporteur was privileged to attend two meetings namely the CLICOM Meeting
of Experts held at Paris in September, 1990 and the Working Group on Data
Management held at Geneva in November 1991. Discussions in these meetings
have enhanced my understanding of my terms of reference.
FUTURE DEVELOPMENT OF CLICOM
The computer technology is developing at very rapid rate. Increasingly more
powerful and modular designed micro computers are becoming available in the
market. Despite these advances in the computer industry, it is important and
necessary to keep CLICOM as simple as possible in order to facilitate support
and harmonise future CLICOM products. The modular design, however, does seem
to provide an excellent platform as servers.
The Survey showed that earlier CLICOM installations were configured with
either XT or AT compatibles as network servers. These servers would now
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require replacement with more powerful micro computers which have strong
advantage for graphics applications. In this connection, due consideration
may be given to modular design when replacing network servers in old
installations.
GENERAL RECOMMENDATIONS
There is overwhelming evidence that the CLICOM training was inadequate. WMO
should therefore consider organizing regional seminars for both systems
managers and operators. Feedback from operators could be very valuable for
future interface development.
Inspection or fact finding missions to installations where CLICOM may not be
operational should be undertaken as soon as possible. This could be done at
the same time with upgrading of CLICOM to CLICOM 3.0. These trips may need
careful planning in order to solve as many problems as may be envisaged.
Lack of spare parts is another problem that needs to be looked at. Regional
Stocking Centres may not be very effective because of communication problems
within regions and lack of parts in a region.
It may be worthwhile to
consider establishing a spare part fund to be held at some strategic centres
which have access to spare parts. Spare parts would only be purchased on
demand basis. For instance USA could serve the Americas, Geneva, Africa and
some centre for Asia.
Because of the importance, evolving nature of CLICOM and the success the
Project has enjoyed it is recommended that the 11th Session of CCI consider
retaining a Rapporteur for CLICOM.
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INFOCLIMA - A VALUABLE APPROACH TO CLIMATE DATA SOURCES
Volker Vent-Schmidt
Deutscher Wetterdienst
Offenbach, Germany
and
CCI Rapporteur on INFOCLIMA
INTRODUCTION
With resolution 2 the Commission for Climatology (CCl-X) decided in 1989 to
establish a Working Group on Climate Data (WGCD) and selected several experts
to serve on it.
One field to work on was and still is the Information Referral Service
INFOCLIMA, which is meanwhile a well known component of the World Climate Data
and Monitoring Programme (WCDMP) and information has been prepared on this by
many member countries.
Besides the recommendations of CCl-X on INFOCLIMA-matters "... to provide
guidance ..." the chairman set up a work plan for each Rapporteur with special
terms of reference.
With respect to these terms of reference the Rapporteur on INFOCLIMA made
proposals on how to make use of the INFOCLIMA catalogues (see Part II). This
report also includes a proposal for the adaptation of the CLIMAT message (see
Part III).
Recommendations are summarized in part IV.
To meet these aims and goals the Rapporteur took part in several meetings
during the last years e.g. the tenth session of Regional Association VI in
Sofia in 1990, the experts meeting for the Climate Change Detection Project
in Niagara on the Lake (Toronto) in 1990 and the meeting of the WGCD in Geneva
in November 1991.
At the time of completing this report a special experts meeting on National
Climatological Catalogues (NCC) is in preparation for August 1992.
This
meeting will also cover aspects of the definition of Reference Climatological
Stations (RCS) and other related matters.
The Rapporteur on INFOCLIMA will host this meeting.
Besides these main activities, the Rapporteur has contributed to some other
relevant areas of climatological interest such as the "Guide to Climatological
Practices" and the calculation of "standard normals 1961-1990".
For the "World Weather Records" the Rapporteur, together with the Rapporteur
on Climate Related Matters in RA VI, is responsible for the collection of data
from Region VI. There will be a significant change in the near future to
summarize these data in a yearly disposition.
INFOCLIMA AS A PART OF THE WHOLE CLICOM SYSTEM
Structure of INFOCLIMA
In 1983 the Advisory Working Group of CCI prepared a general description of
the purpose of the Information Referral Service called INFOCLIMA and an
outline for the structure of INFOCLIMA following the recommendations of Ninth
Congress (WMO No. 615, 1983).
The requirements were expressed
Programme (WCDP, 1983).

in the plan for the World Climate Data

At that time the structure of INFOCLIMA contained four main parts:
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Part
Part
Part
Part

1:
2:
3:
4:

Climate Observing Station Networks
National Publications of Processed Data
Description of Datasets
Historical and Proxy Data

To begin with WMO sent out a letter asking for response on part 3 to gather
information on data set descriptions (letter WMO, Geneva, 14 Dec. 1983, ref.
42.019/M/C9).
In June 1984 WMO presented the first results and published a provisional
edition of the catalogue and in June 1985 an interim report (WCP - 101,
WMO/TD. No. 55) was published based on the input of 69 countries with data set
descriptions from 97 data centres.
Updated versions were planned to be issued every two years.
Within the following years WMO urged members to contribute to this service.
In April 1989 the main catalogue was ready to be published (WCDP - 5, WMO/TDNo. 293) containing information from 112 countries, 268 data centres with 1031
data set descriptions.
A supplement was published in 1992 (WMO/TD-No. 293).
The structure of INFOCLIMA has changed its face during the years which
depended upon the availability of modern computer facilities.
The information now comprises, in particular, service on the following main
parts:
a)

description of available data sets, held at data centres and/or
published,

b)

climatological and radiation station networks in the world, and their
histories,

c)

national climatological data banks - status of collection, processing
and archiving of data.

The information already published by WMO or which is still in preparation will
be offered in different forms:
a)

catalogues of climate system data sets (including published data)

b)

statistics on regional networks

c)

climatological data banks - regional status surveys

Information and statistics on networks were published for Region III in 1987
in WMO-publication WCP - 127 - (WMO/TD-No. 202) and for Region I in 1989 in
WCDP - 7 - (WMO/TD-No. 305).
From the Rapporteur's point of view much information was prepared by member
countries which enabled the Secretariat to publish the above mentioned
catalogues, but there is still a lack of information on station networks for
other regions.
The value of the whole system depends upon the availability of brand new
information, therefore Members are invited to prepare more and new information
and on the other hand to update the already delivered parts (Recommendation
1).
Further, there is a need to gather information on published data and "other
information" relevant to the Climate Change Detection issue. Perhaps member
countries are not quite sure which information should or could be prepared on
these items.
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In order to achieve a collection of "Other Information" it is necessary to
define criteria as to which data and/or information the users are interested
in. It is obvious that one can put together data and information from all
fields of human activities. So far I would propose focusing on the platform
that was given from the experts meeting on the Climate Change Detection
Project in Niagara on the Lake in 1990 (Recommendation 2 ) .
The structure and formats for an INFOCLIMA - catalogue on "Other Information"
is an outstanding issue.
USE OF INFOCLIMA
The INFOCLIMA - catalogues provide a very valuable source of information for
all kinds of climatological investigations. Especially regarding the Climate
Change aspect one can find "fingerprints" for national or regional data
centres (nearly 300) and more than a thousand data set descriptions of data
from all over the world covering 8 data categories in the above-mentioned
publications.
The expensive and lengthy way of distributing this information by publications
led the Rapporteur to the idea of splitting up the INFOCLIMA contents by
regions.
Key information and the regional subsets of the data set
descriptions could be distributed on computer-readable media.
Thus the logical idea was born of sending out the data on diskettes, which
enables the user to read it on personal computers in a data bank system
(Recommendation 3 ) .
Those countries which use the CLICOM - System could use a module written in
DATAEASE as the common software and in figure 1 on the next page one can see
how this could appear in the CLICOM diagram.
This idea was presented to WMO and the chairman of WGCD as an interim report
in 1990. A similar method could also be used to present the contents of the
Climate Application Referral Service (CARS).
Meanwhile the last circular letter of WMO to update INFOCLIMA (WMO No. M/C9,
Geneva 30 April 1992) makes reference to this idea and hopefully within the
near future there will be a computer-readable form available to run on a PC
under DATAEASE.
The method of distributing the information and its handling is much easier.
It also helps the member countries to prepare updates on their system.
Thus the Rapporteur feels that the advantage of INFOCLIMA will be increased
and the information will be available directly to the main users and much
faster.
To make better use of INFOCLIMA, it is necessary to crosscheck all information
prepared separately by countries. It is obvious that some countries have
reported on the same database, i.e. available via GTS and archived at several
data centres (Recommendation 4 ) .
Another point of interest is the question of exchanging and charging
conditions which are so far only mentioned in remarks with an explanatory
character.
INFOCLIMA AS PART OF CLICOM
For means of better understanding, figure 2 on the next page illustrates the
main services offered by WMO in the CLICOM system.
Thus INFOCLIMA can be directly incorporated into the whole CLICOM system as
a DATAEASE application.

71
Figure 1:

Data Ease Application for INFOCLIMA Purposes
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On the national level many countries have made a considerable effort to set
up CLICOM systems which enables most of them to overtake an application for
INFOCLIMA.
The more general structures and guidelines for the operation and management
of climatological data and information were already published in WCP-99 - in
1984.
FURTHER DEVELOPMENT OF INFOCLIMA
New INFOCLIMA Information
The Rapporteur was also requested to prepare guidelines for the
development of the INFOCLIMA system.

further

One idea is to publish, as a part of INFOCLIMA, the catalogue of "Reference
Climatological Stations" when the Rapporteur Mr. R. Heino from Finland will
present the result of the collection by WMO.
Another possibility is not only to publish information on data, but also to
include some basic data sets such as the "Global Baseline Data Sets" or the
"World Weather Records" prepared by the National Climatic Data Center in
Asheville, USA.
These ideas are summarized in Recommendation 5.
Experts Meeting on Guidelines for National Catalogues
To start with, preliminary information on the data, to be used for all kinds
of investigations, is required and the countries should therefore be prepared
to answer questions before users can start.
For this purpose the Rapporteur made a proposal for a meeting of experts on
"Guidelines for National Catalogues on Climate Data Sources".
The experiences of a case study in Germany will be presented and ideas and
recommendations will be proposed to give guidance for the establishment of
national systems (Recommendation 6 ) .
This proposal will be adapted by WMO in order to include further topics which
could be discussed at the meeting.
This experts meeting will also provide the chance of discussing the catalogue
of Reference Climatological Stations and aspects of the CLIMAT - CODE
adaptation.
The Deutscher Wetterdienst is willing to monitor the CLIMAT reports delivered
via GTS and this will also be discussed.
The results of this meeting will be presented to the next session of the
Commission (CCl-XI) in February 1993.
CLIMAT CODE ADAPTATION
Proposal for a New Code
The review of the archives on CLIMAT - reports by the Deutscher Wetterdienst
in Offenbach and also other National Meteorological Services showed not only
an unsatisfactory coverage in most parts of the world, but also missing useful
information. This led to the idea, during the discussions in CC1-X in Lisbon
in 1989, of including more parameters and/or other elements in the CLIMAT
message.
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First ideas and proposals were already made by participants of the tenth
session of CCI in 1989 in Lisbon. Afterwards a small consulting meeting took
place in 1990 in Niagara on the Lake during the experts meeting on the Climate
Change Detection Project between some Rapporteurs and the Chairman of WGCD.
In 1991 the Rapporteur made a first proposal for possible changes to the
CLIMAT message and a new Code called CLIMEX with special parameters and
extreme values.
Ideas were also presented from Canada, USA and Finland.
In October 1991 WMO hosted a smaller experts meeting on "CLIMAT CODE
ADAPTATION", to discuss the different ideas.
The results were published as WCDMP-15 - (WMO-TD/No. 468). Afterwards the
WGCD agreed on the recommendations of the experts and decided not to have two
different climatological reports but only to alter the existing code.
The Rapporteur on INFOCLIMA, together with the Rapporteur on Climate Related
Matters for RA VI Mr. Johannes Behrendt, then combined all proposals into a
revised version which was presented to WMO in March 1992.
This proposal is given on the next page for information purposes only. The
complete version with explanations on the indices is published in the report
of the WGCD - Meeting as WCDMP - 18 - (WMO-TD/No. 488).
This proposal will also be discussed by experts within the Working Group on
Data Management of the Commission for Basic Systems.
The main changes in the code will be:
1.
2.
3.
4.
5.

Introduction of identifiers (key-numbers)
Separation of logical groups with keys
Addition of the elements Tmin and Tmax
Change of the percentage of sunshine duration
Combination of logical parts in separate sections

This new CLIMAT report should cover more and detailed information on the
reference period used as well as on daily measurements of some elements which
are of interest e.g. temperature and precipitation.
Further statistical parameters might be added to provide information on
variances and/or missing values.
In a special section 4 the proposal is made to report on special events and
statistical calculations of derived parameters. This idea followed a national
report in Germany used for "early climatological information". There might
be some discussion on the proposed thresholds, which could be altered
relatively easily.
The members of CCI are invited to discuss and/or decide on this adaptation
which is in the near future the only chance of exchanging more and better data
on the Climate Issue (Recommendation 7).
For the time being, it is obvious that the latest version will be presented
to CC1-XI from the Secretariat, due to the fact that CBS and other experts and
member countries have to give consideration.
Bearing in mind that the relevant and responsible bodies of WMO have to agree
on an adaptation some changes could be expected in the near future.
RECOMMENDATIONS
1.
The member countries of CCI are invited to prepare more and new
information for the INFOCLIMA - system. Especially it is necessary to update
regularly parts already delivered.
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2. Member countries ought to be in a position to prepare further information
on proxy data and "other information" to be included in INFOCLIMA. Therefore
it is necessary to define criteria which could be derived from the
recommendations at the CCDP expert meeting.
3. The Commission is invited to decide on the preparation of regional subsets
of INFOCLIMA.
This information should be mailed by the Secretariat via
diskettes in order to use it on the CLICOM PC under data ease or any other PC
data bank.
4.

A mechanism has to be defined by the Working Group
(i) to crosscheck the content of INFOCLIMA with respect to overlapping
information,
(ii) to agree on the rules of exchange conditions of data sets for
climatological research.

5. New INFOCLIMA services should include not only information on data but
also a minimum of data sets like "World Weather Records" or "Global Baseline
Data Sets". Special catalogues could be published on special issues e.g. the
inventory of Reference Climatological Stations.
6.
The Commission is invited to notice the guidelines on National
Climatological Data Catalogues which will be prepared by the planned expert
meeting in August 1992 at Deutscher Wetterdienst in Offenbach am Main.
7. The Commission is invited to discuss and/or decide on the proposal for the
CLIMAT-CODE adaptation.
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CLIMATE RELATED ISSUES CONNECTED WITH THE CONVERSION OF
CONVENTIONAL METEOROLOGICAL STATIONS TO AUTOMATIC ONES
Vladimir T. Radyukhin
Ail-Russian Research Institute of Hydrometeorological Information
World Data Centre, Obninsk, Kaluga, Russia
and
CCI Rapporteur on Data Quality Control and Processing of
Data from Automatic Stations
INTRODUCTION
Originally designed and used only to obtain information from the remote sites,
AMSs are currently widely used together with the conventional stations, at
which surface meteorological measurements are made. A wider use of AMSs is
provided both at national levels (for example, PROMIS-90 Programme in Sweden,
ASOS Programme in the USA and others) and by the WMO Third Long-Term Plan for
1992-2001 (WMO No. 761, 1992). This is caused by the following three factors.
Technological factor
Microprocessors due to the flexibility of their programming and satellite
communication allow the expansion of the equipment capabilities. However, it
should be kept in mind, that the reliability of the systems decreases with
their sophistication. This being the case, stations, which are designed for
long-term unattended operation, should be as simple as possible while
semiautomatic stations involve more complicated processing solutions and
algorithms.
Operational factor
Necessity for large amounts of information to be transmitted or stored, which
should be processed, is caused by the increasing demands for data both to
improve short-term forecasts and to obtain a more precise and detailed
climatological description.
Socio-economic factor
In many developed countries the changes of standards of living for the last
30 years lead to a problem of recruiting observers. A way out is automation
of observations, at least during the night and days off.
BACKGROUND
The Commission for Instruments and Methods of Observations (CIMO) with the
help of Commission for Climatology (CCI) generalized requirements for surface
meteorological observations and specifications of automatic instruments,
currently available for AMSs.
They are given in Table 1.
Evidently,
automatic measurements of temperature, atmospheric pressure, wind speed and
direction, sunshine duration and solar radiation present no difficulties at
present (see Table 1 ) . However, measurements of precipitation, height of
cloud base, visibility are less successful with measurements of cloud base
height and visibility running into large energy consumption which does not
allow the incorporation of such sensors into the standard AMS set. Automatic
measurement of humidity and the replacement of visual observations (for
example, present weather) also preset certain difficulties. Thus, practically
all observations, which are made at the principal climatological station, can,
in principle, be carried out at AMS. However, inevitable from the point of
view of technological progress and economic considerations the replacement of
traditional meteorological stations by automatic ones presents from the point
of view of climatologist still another factor, disturbing time series and
introducing the inhomogeneity in them, along with station relocation, the
replacement of instruments, urbanization, etc. In the following sections of
the paper climate related problems which arise with automation of
meteorological measurements are briefly discussed taking into account the
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Table
1.
Accuracy
Requirements
for
Meteorological
Observations and Corresponding Instrument Characteristics for AMS's
Elements
I. Cloud
1. Cloud Amount
2. Height of Cloud Base
II. Atmospheric Pressure
1. Atmospheric Pressure
III. Temperature
1. Dry Bulb Temperature

Range
0-8/8 or 0-10
0-21000 m
200hPa within the
interval 500-1100
hPa

2. Sea Surface Temperature

at least 50° within
the int.
-60°C - +60°C
-50°C - +35°C

IV. Humidity
1. Wet Bulb Temperature
2. Relative Humidity

-10°C - +35°C
10 - 100%

3. Dew Point Temperature
V. Wind
1. Direction
2 Speed

at least 50°C
within the int.
-50°C - +35°C
0 - 360°
0 - 75 m/s

3. Speed Components
VI. Precipitation
1. Total Amount

Accuracy
Required
4 100m:10m
xl00m:10%

Accuracy
Obtained
10m or
10% if more

O.lhPa

0.3hPa

0.1°C

0.3°C

0.1°C
0.1°C
4 50% : 5%
>-50% : 2%
0.5°C

Surface

0.3°C
0.3°C
5%
0.5°C

5°
35m/s:0.5m/s
>5m/s:10%
as for speed

5°
0.5m/s

ilOmm : 0.1mm
>10mm : 2%
-<2mm/h : 0.02mm/h
2-10mm/h: 0.2mm/h
>-10mm/h:2%
320cm : 1 cm
^20cm : 2%

5%

5%

2. Intensity

0 - 20 mm/h

3. Depth of Snow

0 - 10 cm

VII. Evaporât ion
1. Evaporation

0 - 100 mm

-<10mm : 0.1mm
>10mm : 2%

0 - 70 km

O.lh in any time
1MJ m 2 d"1
5% of daily
mean
<5km : 0.1km
20% (410 km)
5 - 10km : 1 km
>70km : 5 km

VII. Radiation
1. Sunshine Duration
2. Glob. Solar Radiation
IX. Visibility

5%
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responses to the Questionnaire prepared by the Rapporteur and distributed
among experts with the help of WMO Secretariat.
DISCUSSION
Based on analysis of publications on climate related issues of AMS's and of
responses on the Questionnaire the following major problems arising with using
AMS data for climatological purposes can be pointed out.
Problem of data gaps
Since the reliability of automatic stations is usually less than 100% and
ranges between about 80% and higher (WMO, N8. 1983, Chapter 2 2 ) , it is
necessary to solve the problem, related to the possibility of getting
meteorological regime characteristics (daily mean and monthly mean values of
meteorological variables, extremes, etc.) from incomplete observation series.
Problem of data compatibility
Extensive possibilities offered by microprocessors, which allow various types
of data processing, a large variety of sensors used for automatic
measurements, lead to incompatibility of data, which are obtained from
different instruments.
Problem of data homogeneity
Caused by the above mentioned problems and due to the introduction of
basically new techniques into practice of meteorological measurements as well
as measuring devices whose operating characteristics essentially differ from
those of conventional meteorological instruments, the problem of providing
data compatibility with the replacement of conventional stations by automatic
stations becomes particularly vital.
The problem of measurement accuracy according to the experts opinion has no
more been a serious problem.
Ways of solving the problems
Analyzing the literature, three approaches can be pointed out. The first
approach (Persin S.M. et al, 1985) lies in the development of methodological
materials and recommendations which connect the information conversion
algorithm and the dynamic characteristics of sensors with an error in the
information for specific characteristics of meteorological variables (with the
account of the meteorological parameter statistical structure) thus trying to
achieve compatibility between the data obtained from different AMSs and with
traditionally obtained data.
So far this approach seems to be rather
theoretical.
The second approach resides in standardization of measuring procedures and
data processing algorithms. It is to its realization that essential efforts
of CIMO are directed.
Finally, the third approach which is the most evident and convincing way of
solving the problem of data compatibility, consists in carrying out parallel
field tests or parallel operation and obtaining statistical relationships
between measurement results.
For the replacement of
conventional
climatological stations with automatic stations it is expected to establish
statistical relationships for the station chosen for given area and to extend
this relationship over the whole area. The high cost of such an approach is
a disadvantage, because it is necessary to collect rather long series of
parallel observations, covering various meteorological conditions under which
the relationships between measurement results will be different.
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CONCLUSION
It can be pointed out that certain advance is to be noted on the way to the
replacement of conventional observations by automatic observations but there
are still considerable obstacles to a wide use of these data in climatology.
These obstacles are due to certain objective reasons, mentioned above, on the
one hand. On the other hand, climatologists, who encounter a lot of problems
handling the traditionally obtained data, are prejudiced against AMS data for
psychological reasons as well.
Nevertheless the replacement of manual
observations by automatic ones is an advanced phenomenon expanding
possibilities of climatic research and applications. Moreover, in some cases
such a replacement is the only way to keep long-term climatological
measurements without changing station position. When replacing a conventional
station by an automatic one it can be recommended, first, to have overlapping
parallel operation for both stations, so that statistical relationships
between their data could be established.
Time interval needed for
establishing such relationships depends on the variability of meteorological
element and ranges from one to ten years (according to expert assessments).
Second, it is useful if possible to keep in operation a conventional station
representative of the region. And finally it is vitally important to maintain
detail metadata related to replaced and replacing stations as well.
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