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1.

ORGANIZATION OF THE SESSION

At the kind invitation of the Government of Mauritius, the CCI Working Group on
Operational Use of Climatological Knowledge held its first session near Vacoas, Mauritius from 22
to 26 November 1994.
1.1

Opening of the session

1.1.1
On behalf of the Director of the Meteorological Service of Mauritius, Dr Lee Man Yan,
Assistant Director of the MMS extended a warm welcome to Mauritius. He told of recent
experiences on one of the outer islands, where the issues in focus for this working group seem
most relevant and informed of some of the ongoing activities in the national Meteorological
Service. Dr Lee Man Yan pointed to the need for a better understanding of the climate change
impacts, something the group will address and he wished the meeting success in its deliberations.
A list of participants is contained in Annex I.
1.1.2
On behalf of the Secretary-General of WMO, Professor G.O.P. Obasi, Dr Lars E. Olsson,
Chief of the World Climate Applications Division (WCA) of the WMO Secretariat, thanked the
Government of Mauritius for the kind invitation, which had been received through the national
Meteorological Service, to organize the meeting. He presented a background to the climate related
activities of the organization, with special emphasis on the importance of the various activities
initiated and co-ordinated through the CCI. Dr Olsson pointed to the valuable role played by the
individual rapporteurs and working groups and thanked the participants for their contributions to
the work of CCI and WMO. He also expressed WMO's appreciation to the respective governments
for making the services of the experts available to this most important work.
1.1.3
Dr Olsson informed the meeting that Mr Moch, Chairman of the CCI Working Group on
Operational Use of Climatological Knowledge, due to most unfortunate family situations was
unable to attend the session. He conveyed the warmest greetings to all the participants from Mr
Moch who had expressed the best wishes for the session in this most timely and important
meeting and which he had looked very much forward to, the more so as it would have brought him
to this wonderful island country of Mauritius. Mr Moch had expressed the hope that the meeting
will have great success in penetrating the many issues on the agenda and looked forward to
communicating with the working group members on an individual basis in the near future.
1.1.4
At the recommendation of Mr Moch the session decided to designate Mr Boodhoo, the
vice-president of CCI and Dr Basher, member of the working group, as co-chairmen of the session.
Mr Boodhoo took over the chairmanship and expressed with regret the fact that Mr Moch was
unable to attend. Because he had to attend practical matters in connection with the following
week's training workshop, thus Dr Basher came to chair the rest of the meeting.
1.2

Approval of the agenda

With the addition of a new Item 3.8 , "Report by the Chairman of the CCI Working
Group on Energy", the session approved the agenda as presented in Annex II.
1.3

Working arrangements for the session

1.3.1
The meeting agreed to normally work from 9.00 to 12.00 and from 13.30 to 1700,
with appropriate breaks for tea/coffee.
1.3.2
The available documentation was introduced by the representative of the WMO
Secretariat and necessary practical information was given by Mr Boodhoo as representative of the
local organizers.
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2.

REPORT ON RELEVANT CCI/WMO DEVELOPMENTS

2.1
Mr Boodhoo and Dr Olsson informed the participants of the developments within CCI,
especially the results of the various CCI activities. They informed about the important workshop
on User Needs and Requirements, Sweden, 1993 ( WCASP - Report 27, 1993). Special attention
was also given to the recent consultations of the task force on issues relating to future
developments of climate services, which came to focus extensively on development of CLImate
Prediction Services, CLIPS.
2.2
The participants were informed of the recent developments on issues relating to climate
change, i.e. the implementation of FCCC, the progress in the preparation of the 2nd IPCC
assessment report and The Climate Agenda leading to the process on development of an
integrated proposal for international climate related programmes. In particular the results of the
recent session of IPCC in Nairobi, where the special IPCC report to the first session of the
Conference of the Parties to the FCCC was agreed, were referred to. Furthermore a recent
proposal for a UNEP initiative to use ACMAD as a coordinating center for a project "Capacity
Building in Africa in Climate Change Related Activities: Climate Impacts and Response Strategies
Network for Africa (CIRSNet/Africa): Phase I, was presented and the working group was asked
to comment and give advice on this proposal during the session.
2.3
In the discussion the question of scale was raised, especially the problem of relating the
impact of global and large scale climate change on local impact scales. It was suggested that
most applications relate to the local scale where the impact on human health, energy conservation
and production, urban and building applications, etc are of most relevance. Furthermore the issues
relating to the needs to develop climate applications in close collaboration with the end users were
discussed.
3.

ACTIVITIES OF RAPPORTEURS/MEMBERS OF THE WORKING GROUP

3.1

Rapporteur on Agriculture and Food, and liaison with AgM (Dr Bhalme)

3.1.1
Dr Bhalme informed the session of recent developments in agricultural meteorology, see
Annex III and discussed plans for his future activities. The working group agreed with the
workplan, which is given in Annex IV.
3.1.2
In the following discussion it was suggested that one way of raising the general
awareness of the importance of climate information is to emphasize and recognize the
interdisciplinary nature of the field of agricultural meteorology and food production. Furthermore,
the degree of impact depends on how important agriculture is to the country. The group
suggested that a good way of raising general awareness would be to produce films and videos to
distribute to media, schools etc.
3.2

Rapporteur on Water Resources {with special reference to drought and desertification)
and liaison with CHy (Professor Ke-Rang Li)

3.2.1
Professor Li informed the session of developments in the area of climate and water
resources management, especially as they relate to the impact of climate change and its relation
to desertification. He stressed that water resources are important as a basis for a stable national
economy and social development. At present the challenges are the increasing shortages of fresh
water and increasing land degradation. A summary of activities in this area has been published
as WCASP Report No. 28.

3.2.2
The discussion related to the implementation of the Convention on Desertification, now
available for ratification. The Convention will enter into effect 90 days after ratification by 50
states, which is expected within the next two years. Reference was also made to the relevant
chapters in Agenda 2 1 . Several of the agreed commitments closely relate to climate applications
and services and need thus to be considered within the WCASP and by CCI.
3.2.3
The group discussed the planned activities of the Rapporteur and agreed with the
workplan as presented by Professor Kerang Li (see Annex V).
3.3

Rapporteur on Urban and Building Climatology (Dr E. Jauregui)

3.3.1
Dr Jauregui informed the session of ongoing activities in his area of responsibility as CCI
Rapporteur and member in this working group. He expressed concern that the proposals made at
the TeCTUC (Dhaka, Bangladesh) on the further development of TRUCE had not yet led to any
concrete actions. Dr Jauregui informed the meeting of the recent Bibliography prepared by him
and published as WCASP Report No. 25 and presented an updated "Overview of Urban Climate
in Tropical/Subtropical Areas 1981 -1993" (see Annex VI). He also informed about a syllabus on
a course in Biometeorology for graduate students in Tropical Architecture. Another course would
focus on "Urban Climatology and Air Pollution Meteorology" also for graduate students in Tropical
Architecture.
3.3.2
Suggestions were made regarding how to proceed with involving NMS's in urban
climate studies. One way would be to raise the awareness within the NMS's by emphasizing the
importance of generating climatological data by proper location of urban observation stations so
as to obtain optimal information for users. Guidelines on how to set up simple programs to
identify temperature, humidity, precipitation anomalies induced by the urbanization process are
needed in order to disseminate knowledge of urban/rural contrasts.
3.3.3
Dr Olsson informed further on follow up actions to TeCTUC, including the development
of curricula for TRUCE related architecture courses and that WMO may consider promoting these
through the Education and Training Programme. He also informed that there may be some
possibilities to secure special funds, e.g. through the GEF, for at least the initial TRUCE activities.
3.3.4
It was again stressed that there is a need for close interaction with the users - the
architects - and that there is a strong need for better coupling in considerations of various scales global to local, i.e. there is a need to promote the local applications if users are to be interested
and involved. The approach with "target students", e.g. a specific decision making group, such
as "the Tropical Architects" was considered most interesting. Continued awareness-building was
considered necessary. Dr Jauregui informed that a network of some 10 wind stations exists in
Mexico City, which he considered sufficient. Referring to Item 4 (see also below) it was
suggested that there may not be a need for extensive or elaborate obs-programs - urban
observations/measurements. Measurements can be made by simple means, however they need
to be related to ordinary long term data series.
3.3.5
On the other hand it was noted that for most cities in the tropics there is not enough
data to describe and explain the spatial distribution of parameters over a city, something a TRUCE
type project will help to alleviate. It was noted that other programs relating to urban climates
exist, e.g. the Mega City Program of UNESCO, the Healthy Cities Project of WHO and Cities on
Water, coordinated from Italy. Information was given on special projects/programs in Australia,
China and Cuba. It was furthermore noted that as city governments are delegated more power
to decide on planning, operations, etc. in cities the need for climate expert advice will increase the legislative side need to be served.

3.3.6
There is a need to raise awareness on the part of NMSs so that they provide adequate
data for urban users, including researchers, especially to maintain a minimum network of urban
stations. This is needed especially for urban planning and building applications. In the framework
of TRUCE more emphasis should be given to the fact that urban systems are major energy
consumers and thus, indirectly the cause of increased release of green-house gases and directly
linked to the global climate change issues.
3.4

Rapporteur on Tourism and Recreation (Dr L. Lecha Estela)

3.4.1
Dr Lecha Estela demonstrated recently developed software in support of the tourist
sector.The software will be made available to the WMO Members interested in this application.
It was demonstrated to the participants of the WMO training workshop on National Climate
Application Programs in Mauritius, 1994. He informed the session of the plans he had elaborated
together with the other rapporteur in the area, Mr W. Baker (Canada). In particular he related the
plans for an inter-agency meeting of experts on Climate, Tourism and Human Health to be held in
Cuba from 22 to 29 January 1995. Dr Lecha also reported on the progress in the preparation of
a Booklet on Climate and Tourism and Recreation. The workplan agreed to by the working group
is contained in Annex VII.
3.4.2
Dr Lecha gave examples of impact of thermal stress affecting elite sportsmen, and
related the experience of a national volley ball team from Cuba competing abroad. He plans to
include in the Rapporteur-report several examples of air travel related health crisis. He also
stressed the importance of closer collaboration with other UN and international organizations such
as WHO and WTO. Dr Lecha also pointed to the conflict between global versus local impacts and
the need to better identify the real users, e.g. the physicians or the patients/tourists. He also
related prospects for future developments in the field and foresaw visits to other research groups,
in Brazil and the USA in the next few years. Dr Olsson informed of the activities in the area of
CHH, in particular the work on a CHH monograph and the completion of a new CHH brochure early
next year.
3.5

Rapporteur on Services to Financial, Insurance and Legal Sectors (Mr J.S. Hopkins)

3.5.1
Mr Hopkins informed the session of recent developments in the supply of specific
services to commercial customers, and proposed a plan for future CCI related activities in the area.
The report présentai by the Rapporteur is contained in Annex VIII.
3.5.2
The possibility of problems arising from conflicts of interest in work for the legal and
insurance sectors was discussed. The importance of the NMS maintaining objectivity and
credibility was stressed; the reputation of the NMS as a provider of authoritative advice should be
preserved, and this would benefit the development of the service in the long term. In the
insurance sector, the value of climate data to define levels of risk is dependent on the
establishment of relationships between meteorological events and consequential financial loss to
the industry. Such links are not yet fully recognized by the industry due to the complexities of the
interactions involving non-meteorological factors. Discussions with industry representatives should
continue, with a view to clarifying these links.

3.6

Rapporteur on Climate System Monitoring Products and their Applications
(Dr R. Basher)

3.6.1
Dr Basher informed the session of the use of CSM products in a customer oriented
climate service. He noted that there had been a surge of interest in climate monitoring and
forecasting services over the last few years, on the one hand pushed by rapid developments in
science and technology, and on the other hand pulled by growing public and user awareness
arising from such factors as the prolonged 1991-94 El Nino/Southern Oscillation (ENSO) episode,
the sustainable development goal, and the climate change issue generally.

3.6.2
The currently available monitoring and forecast services vary considerably from country
to country, ranging from nothing to numerous sophisticated products and services in larger
countries affected by the ENSO phenomenon. Overall, most activities are in a very early stage of
development. The underlying science is still relatively undeveloped, but is getting considerable
attention. There is a need for international collaboration to better define and improve the technical
aspects of monitoring and forecasting services, especially in climate system monitoring, data
exchange, modelling and scientific interpretation.
3.6.3
At present, most services are meteorology-oriented, rather than end-user oriented.
Much more effort is needed at the user end of the process, to identify and address user needs,
to improve the communication of information, especially concerning its statistical probability
characteristics, and to develop cost-effective applications. International collaboration is also
desirable to develop user communications and applications. The Rapporteurs report, including a
draft work plan, is contained in Annex IX and the group generally agreed to the work plan
suggested by Dr Basher, contained in Annex IX.
3.7

Interaction with Users

3.7.1
As the Chairman of the working group, who is also Rapporteur on Interaction with the
Users, was unable to attend, Mr Boodhoo informed the session of the discussions at the workshop
on User Needs and Requirements (Norrkoping, Sweden, October 1993) and of the results of the
WMO Conference on Economic Benefits of Meteorological Services (Geneva, September 1994).
He also related the discussions held at the CCI task force meeting last September in Geneva.
3.8

Chairman of the CCI Working Group on Energy Meteorology (Mr W. Kininmonth)

3.8.1
Mr Kininmonth informed the session of the on-going work in this sector. He noted that,
with food and water, energy is a fundamental of life and that harnessing of energy is a basis for
modern lifestyles. He also noted that generation and utilisation of energy are major sources of
environmental pollution and potentially threatening the climate system as we know it.
Mr Kininmonth stressed the importance of end-use energy conservation as a means of reducing
energy use and thus decreasing the emissions of pollutants from the energy sector. He pointed
out the close links between end-use energy efficiency and climate applications in such sectors as
urban planning and building design, transport, and tourism and recreation.
3.8.2
Mr Kininmonth informed the working group of the activities of individual rapporteurs in
his working group and identified two common links in the work programme, i.e. climate
applications in support of:
planning, design and operation of energy production systems, both renewable sources
and non-renewable sources, where emphasis must be given to safety of structures and
pollution management; and
distribution of energy by transmission and transport where safety and efficiency are
also factors.
3.8.3
In concluding his presentation Mr Kininmonth emphasized the need to continue to work
on awareness building, particularly the role that energy production and use plays in climate change
and deterioration of the environment. Small scale renewable energy generation systems were
considered to offer in some cases advantages over large scale distribution systems, particularly
in remote settlements and where conventional fossil fuels as energy sources were imported. The
group noted the problems associated with promotion of the use of alternative systems and
methods based on renewable energy sources. However it was noted in some cases government

policy was encouraging energy suppliers to promote energy conservation measures as a basis for
the reduction in emission of greenhouse gases. The role of NMHs as suppliers of climate
information in the energy sector was stressed. It was suggested that in some cases there is a
need to raise awareness of what NMHS have to offer in this regard.
4.

EVALUATION OF HOW PRESENT CLIMATOLOGICAL SERVICES MEET THE DEMANDS
IN VARIOUS USER SECTORS

4.1
The session reviewed the adequacy of the present state of measurements, monitoring
and climate predictions. In particular it considered the needs of the NMS's for information in
relation to their ability to serve the needs identified under item 3 above.
4.2
Because of the wide variety of circumstances of different countries and the wide range
of information needs in different sectors, the assessment by the working group could only deal
with general principles, illuminated by particular highlights, both of successful and inadequate
situations. The emphasis on identifying user needs was an essential part of the working group's
discussion of this item. However, since user needs vary widely, and are often not known, it is
impossible to accurately summarize the state of adequacy of data and related user services.
4.3
In general, where a need has existed for a long time and can be met with moderate
resources, the data and information are satisfactorily made available from most NMHS. This
include rainfall and temperature data and basic summaries of these. Deficiencies appear when
costs are high (e.g. solar radiation measurements), or new user needs have developed (e.g. urban
climates, climate change), or where technology has moved ahead of conventional methods (e.g.
electronic-mail, satellite methods.) Some less developed countries do not have well developed
climate service capabilities and in these cases it can be assumed that the state of data and
services will be inadequate to meet their respective country's needs.
4.4
There is an increasing demand for spatially mapped data on increasingly fine scales, to
meet the needs of particular users, e.g. individual farmers. Meteorological expertise is needed to
choose and judge the representativeness of a data set for the user's problem. There is a growing
demand for methods to extrapolate and map data to places where no data exist, and for use in
geographical information systems (GIS). In many cases, a user's needs can be met by a map of
only modest accuracy, particularly if it is well presented, e.g. the recently prepared colour maps
of temperatures for Africa. In general, a stronger user orientation puts more emphasis on
information access, display and interpretation, relative to monitoring and archiving.
4.5 While it was recognized that resources would always limit the extent of the conventional
measurement networks, there appears to be a significant deficiency of data for urban areas,
especially in the large cities, partly owing to the continuing belief that climate measurements
should be representative of an open, unaltered environment. Cities alter their own climates, but
they house nearly half the world's population and therefore are an extremely important climatic
environment to monitor. This should include wind and radiation measurements.
4.6
There were several proposals related to improving the energy efficiency of buildings and
reducing the energy costs imposed through poor urban planning and building. One suggestion was
to build partnerships between Meteorological Services and local governments and other regulatory
agencies to ensure that climate was considered in the development of standards and guidelines.
A holistic approach would naturally include climate considerations for energy conservation, health,
safety and comfort. The value of green areas for the urban climate was emphasized. It was also
pointed out that conflicting priorities in the past have led to poor outcome. For example some
building materials for safety of structures, such as concrete, have resulted in thermally
uncomfortable dwellings. These have required massive air conditioning. Also public area trees
have been removed or at least severely pruned to prevent interference with power lines.

4.7
In consideration of renewable sources of energy it was noted that solar and wind energy
maps were being prepared for Europe and Africa. Observation networks and climate data for
sparsely populated and ocean areas were considered to be generally inadequate to meet the needs
of energy meteorology. This was also the case for most urban areas. The existing networks have
often been set up for different purposes.
4.8
There is a need, at least in some applications, for coincident data from the user's field
of interest, e.g. of disease information, to be coupled with climate information. In agricultural
areas, soil moisture measurements are needed to validate meteorological estimation of soil
moisture. Drought is a particularly demanding problem, requiring climate expertise in historical risk
analysis, in the definition and monitoring of current drought, and in the forecasting of drought
outlooks. In climate forecasting, an especially positive feature is the production and sharing of
global climate diagnostics information by a number of major climate centers. This has generated
a strong desire among many NMHS for a better ability to understand and interpret the information
and its implications for local impacts. It was felt that more training in climate diagnostics
interpretation and more attention to developing application methods was needed.
4.9
The provision of advice and information depends on a knowledge of scenarios of future
climates and of existing climate sensitivities of particular user activities. Climate services often
do not have access to these two areas of knowledge. The issue of quality is increasingly being
raised by users, both in terms of information on the accuracy and uncertainty of data and
products, and the more general application of international standard quality management systems
to the procedures used by NMHS to generate their data and products. Some agencies do have
quality systems accreditation, e.g. New Zealand's Met. Service and National Institute of Water and
Atmospheric Research, but in general this is an area needing further attention by NMHS's. The
communication of uncertainty is critical in climate forecasting, given the intrinsic statistical
uncertainty of outlook information.
4.10
The meeting recognized that climate system monitoring and forecasting services was
a new area which had not yet settled and for which clear directions could not be easily defined.
The importance of continued monitoring in key data-sparse region such as the tropical oceans and
continental deserts was noted. The communications revolution already had made some CSM
products available electronically to users equipped with PCs and the necessary software, and it
was suggested that NMHS's and especially the regional centres such as the drought centres keep
alert to the great potential advantages of this rapidly developing technology. However, many
members have little prospect of obtaining the required Internet access or equipment in the near
future. Many NMHS's also do not have the capacity or training to interpret the meteorological
CSM products and to apply them to local needs.
4.11
A number of specific examples of current CSM and outlook services were discussed,
including the well established monsoon forecasting in India, the seasonal climate outlook system
in Australia, and the South Pacific Climate Monitor. The need for interaction with users was
emphasized, in order to expand awareness of CSM and forecast information, and to develop
applications of the information that were useful to users. The US-NOAA initiative to develop
ENSO Application Centers around the Pacific basin emphasized the development of local
applications to make use of the extensive scientific data and model output now being generated
in the metropolitan research laboratories. The users of the South Pacific Climate Monitor, which
is aimed at island countries, include the NMHS which use it to help advise their public and
Governments, professionals in fisheries, agriculture, planning, tourism, etc, and schools and other
educational establishments. WMO's recent annual publications that review and summarize the
climate system and its trends in popular and glossy form were appreciated by participants.
(Further considerations on climate forecasting are presented in section 7 below.)
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4.12

The Working Group recommended:
that in view of the importance of issues related to human comfort and health , global
pollution, energy management and carbon dioxide reduction as related to urban design
and management, the NMHS should take steps to ensure that monitoring networks are
sufficient in cities.
that users always be given information on the accuracy and statistical characteristics
of data or products supplied, and that more attention be given to establishing quality
management approaches in climate services.
That continuing effort is made to promote spatial interpolation and mapping methods.
That WMO enhance its training and development activities to assist emerging climate
services in the developing countries.
That WMO enhance training and development activities on accessing and interpreting
climate diagnostics information and on providing user-oriented climate outlook
information.

5.

SELECTION AND SPECIFICATION OF APPLICATIONS AND SERVICES METHODS

5.1
The group recalled that according to its terms of reference, it should " help in the
selection and specification of application methods and services relevant to different areas and
regions....". This requirement has arisen from the growing demands and opportunities for the
application of climate data. It was understood that such help may be provided by members of the
working group/rapporteurs in the specific areas through their eventual recommendations and
evaluation following the work plans presented in section 3 above.
5.2
It was considered, however, that these recommendations would identify general
directions of development of the potentially most effective climate application methodologies and
climate services rather than a mere selection of a number of available methodologies and services.
It was agreed that the attention of the working group must focus on the concrete uses that can
be made of climate information in Member countries, and what applications can be and/or need
to be developed to apply the information.
5.3

Some examples of such general directions were presented, such as:

(a)

Methods of monitoring of occurrence, continuation and cessation of extensive droughts,
storms and flooding rain by satellite derived parameters, such as vegetation index on
weekly time-scale and relating monitoring results on small/local space-scale.

(b)

Support to insurance schemes which would protect farmers against natural hazards
such as extensive droughts.

(c)

Development of multivariate regression methods for prediction of food-grains/crop yields
as correlated with climate/weather parameters.

(d)

Urban/rural contrast in the basic climate and related environmental parameters.

(e)

Development of PC - based information packages on the occurrence of extremes, tested
and adjusted to different climate regimes/regions.

(f)

Methodologies and summaries of energy requirement projections.

(g)

Strengthening the role of climatotherapy as a link between climate, tourism and human
health.

(h)

Production of climate outlooks and monitoring bulletins.

5.4
The group recognized, however, that Members and other potential users would require,
together with a general guidance and recommendations, specific information on climate
applications including, as far as possible, applications software. In this respect the group
reiterated the role of the Climate Applications Referral System (CARS) and the need for a viable
conceptual approach to ensure its effective implementation and use.
5.5

The following points relevant to the further developments of CARS were discussed:

(a)

The need to better identify the users of CARS and contributors to it, both within and
outside the NMHSs.

(b)

The need for clear principles of the automated CARS, given a multitude of available
relational databases, such as DataEase and the variety of users' potential demands.

(c)

The need to establish procedures for the selection of proven climate application
methodologies to be referred to in CARS and identification of efficient methods for
dissemination to the users.

5.6
The group recommended that the CCI Rapporteur on Capacity Building Including
CLICOM and CARS (Mr Boodhoo, vice-president of CCI), in cooperation with the chairman of the
Working Group on Operational Use of Climatological Knowledge and other CCI members as
appropriate and relevant CAgM and CHy members, should propose some general principles
concerning the points mentioned in paragraphs 5.4 and 5.5 above.
5.7
Under this agenda item, the session was informed of the information contained in the
WCP Country Database, which was developed to meet the needs of rapporteurs and working
groups of CCI. The working group noted that the information in many cases might be useful to
meet the needs of individual rapporteurs and suggested that the database be updated by the WMO
Secretariat at every opportunity, such as during meetings and seminars among others.
6.

INTERACTION WITH THE USERS

6.1
The group noted that a number of NMHSs had already acquired a valuable experience
in encounters with users and anticipation of the users' needs and requirements. This had been
related at the workshop on User Needs and Requirements in Sweden, 1993 and it was considered
that in the future users' demands will determine even more significantly the structure and mode
of operation of climate services.
6.2
The group further suggested that the most effective way of meeting the users' demands
for climate services would be to establish a dynamic partnership of providers of climate services,
(especially in NMHSs) and user groups (within and outside NHMSs) and encouraged a proactive
approach by NMHS's to this collaboration.
6.3
It was recognized that the development of such a partnership would call for appropriate
training of relevant NMHSs staff. This would lead to better appreciation of user needs and help
market programmes aimed at advising users on the effectiveness and potential advantages of
applying climate services products. Programmes would include awareness aspects together with
detailed marketing schemes aimed at appropriate incentives by users. In this respect, the need
to approach the highest possible level of decision makers in the user community was noted.
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6.4
Experience shows that these developments are best done within an evolving partnership
with user groups. For example, in response to user feedback, the Australian Seasonal Outlook has
been changed to provide its rainfall outlook in probability terms. The users of forecasts are
essentially the same as users of traditional climate data, i.e. in climate sensitive activities such as
agriculture, water resources, energy etc, forecasts may be thought of as applications relating to
the future. It was agreed that the Working Group's attention must constantly focus on the
concrete uses that can be made of climate information in member countries, and what applications
can be, or need to be, developed to apply the information.
6.5
The group recognized that the new edition of the "Guide to Climatological Practices"
would contain chapters related to the interaction of NMHSs with users of climate services. At the
same time the group considered it advisable that a special publication on the partnership of climate
services and users with concrete examples be prepared as soon as possible. The group
recommended that a consultant(s) be engaged to prepare such a publication, which would include,
inter alia, the appropriate input provided by the members of the working group. The group also
noted the need for a consultant(s) to work in coordination with the president of CCI to ensure a
general conformity of the contents of the publication with that of the "Guide to Climatological
Practices".
7.

OTHER RELATED MATTERS

7.1
The working group was informed about a new activity within WCASP, namely the
Climate Prediction Services (CLIPS) project, approved by the 46th session of the WMO Executive
Council. The purpose of CLIPS would be to promote international activities aimed at the delivery
of long lead climate forecasts towards applications for sustainable development, reduction of risks
and obtaining socio-economic benefits. The group was also informed on the outcome of the
related Task Force convened by the president of CCI in September 1994.
7.2
The group recognized that regular climate prediction services would represent a most
significant enhancement of the provision of operational climate knowledge, and therefore
supported the inclusion of relevant aspects in the future activities of the rapporteurs and of the
group as a whole.
7.3
The group emphasized the particular importance of operational aspects of the provision
of climate services to provide users with climate predictions in time for decision-making on longterm strategies. The group also endorsed the need for users to obtain regular updates of climate
predictions to allow appropriate adjustments to be made.
7.4
The group considered that one of the most important tasks of providers of climate
prediction services should be to increase the reliability of climate predictions and thus reduce
users' risk from climate variability. Furthermore, the value and cost/benefit aspects of climate
predictions should be highlighted, and at the same time users should be made fully aware of the
uncertainties involved in climate predictions.
7.5
Finally, the group was informed of the plans to organize an expert meeting on the
interaction/partnership with users of climate prediction services in Australia in March 1995. The
group agreed that its members should submit to the Secretariat their views and suggestions on
the provisional agenda for this meeting.
8.

CLOSURE OF THE SESSION

8.1
The participants reviewed the report of the session and reached agreement on its major
conclusions and recommendations. It was agreed that the final text may be edited as appropriate
by the WMO Secretariat before printing and distribution.
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8.2
On behalf of WMO, Dr Boldirev thanked the Government of Mauritius, through
Mr Boodhoo, for hosting the session. The first session of the CCI Working Group on Operational
Use of Climatological Knowledge was closed at 13.00 on 26 November 1994.
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ANNEX III
REPORT OF THE RAPPORTEUR ON AGRICULTURE AND FOOD

DEVELOPMENTS AND ACTIVITIES CONCERNING AGRICULTURE AND FOOD
H.N. Bhalme
Indian Institute of Tropical Meteorology, Pune-411008, India

1.

Introduction

In view of the rapidly increasing population, recent food problems have
intensified interest in applying Weather and Climate information as an aid to increase food
production. It is generally accepted that food production is intimately linked with Weather
and Climate. It is also reported that the weather induced variability of food production is
more than 10%. This variability can be as high as 50% of the normal production in the areas
situated in arid and semi-arid regions. It is now realized that an agricultural community more
informed on ways and means of using Weather and Climate information would be in a better
position to avoid the harmful effects of adverse Weather, thereby increasing food production.
This report presents developments and activities concerning agriculture and food in relation to
Weather and climate in India.
2.

Dry farming

Only 20% of India's total arable land is irrigated and the remaining areas
depend entirely on rainfall. However, where the annual normal rainfall is between 400 and
1000 mm good agricultural crops can be raised by adopting new practices and technological
advances of better seeds, fertilizers, known popularly as dry farming. The key to success lies
in timing the agricultural operations so as to make best use of the variable limited rainfall.
The Agricultural Meteorology division of the India Meteorological Department
at Pune has analyzed records extending over 70 years at large number of stations
representative of the districts which constitute the dry farming zone. Weekly assured rainfall
amounts at different probability levels have been evaluated by the incomplete gamma
distribution method. This information, coupled with observations and estimates of soil
moisture and a knowledge of the soil properties, has many applications. It can help, for
example, in determining likely periods of acute water stress and duration of growing season,
suggesting compatible cropping patterns, or indicating the degree of drought proneness.
Though soil moisture is of great importance in dry farming, measurements of
soil moisture are scare. It is planned to strengthen the observation network.
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3.

Drought Research

The important natural causes of Indian famines are large-scale droughts and
floods. Although the onset, persistence and termination of a drought are usually gradual
processes, its total impact may be far more disastrous than that of flood. Droughts in
successive years or prolonging continuously for more than one or two years have a
devastating effect on food production and the Country's economy. Droughts are of many
types, e.g. agricultural, hydrological, economic etc. and a specific definition of any one of
them is quite difficult. However, qualitatively, agricultural drought can be defined as a
prolonged and acute moisture deficiency.
The severe and extensive droughts of 1965 and 1966, caused a widespread and
disastrous crop failure in India. At the instance of the Planning Commission, a special
research Unit has set up to study the problem. The unit was interested firstly in studies of the
Climatology of agricultural droughts which is directly related to the Crop growth and final
yields. They ere mainly based on rainfall analysis and used to identify the drought prone areas,
drought intensity and the probability of occurrence of droughts. Besides these, drought indices
like aridity index, water availability periods, soil moisture stress, dry and wet spells were
studied in relation to the crops. Analysis of Climatological data can help how to prepare
probability assessments of the occurrence, cessation or recurrence of drought, thus helping
farmers and planners.
Another active research activity is underway to understand the causes of
droughts and hence lead to better prediction. The dominant factors which have tendency to
reduce Indian summer monsoon rainfall leading to large-scale droughts over the country are Warming phase of ENSO, More equatorward position of 500-mb April ridge position along
75°E, Eurasian snow accumulation during Dec.-March, etc.
The current stage of research in india or in the advanced countries in the world
is — no known method exists to reliably predict the occurrence, continuation, cessation or
recurrence of drought, although experimental forecasts are being issued by some services.
Surface observations and satellite or remote sensing networks are capable to
monitoring critical elements associated with drought. The National Agricultural Drought
Assessment and Monitoring System (NADAMS), developed at Department of Space/national
Remote Sensing Agency, for Department of Agriculture and Co-operation, Govt, of India,
utilizes NOAA Satellite data to issue biweekly, drought bulletins during June-December
period for the ten states of India. Such bulletins are being issued since 1989, which provide
districtwise drought assessment.
The user community has encouragingly responded to NADAMS bulletin, by
projecting higher level of information requirements. Detailed drought impact assessment in
terms of smaller areal units and impact on surface and subsurface water supply and assessment
of drought impact on crop yield were identified as some of the key requirements.
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4.

Agroclimatic Atlas

The Agroclimatic Atlas of India is the first atlas of its kind to be published in
this country. It comprises 48 maps for the entire country on the 1:12 million scale, 32 maps
on the 1:24 million scale, and 36 diagrams. The maps show the distribution of important
Climatic elements like rainfall, number of rainy days, mean air temperature, maximum and
minimum temperature, percentage frequency of occurrence of very low and very high
temperature, relative humidity, etc. There are maps of the normal dates of onset and
withdrawal of the summer monsoon over different parts of the country and agroclimatic
zoning. In addition, the atlas includes map showing the distribution of evaporation, availability
of sunshine, hailstorm and thunderstorm hazard, grass minimum temperature and soil
temperature at 5, 15 and 30 cm depths. Soil temperatures at deeper depths, soil moisture and
patterns of wind flow in the form of wind roses, are given separately for individual stations.
This is the first time that information on so many elements constituting the
agroclimate has been combined into a single volume, the aim being to build up as complete a
picture of the agroclimate of India as possible. This atlas will serve as a useful reference
source for agricultural scientists and planners.
5.

Water Needs of Crops

Crops need water for proper growth, but the need may become critical at
certain stages of their life cycle. The water requirements also depend on the soil-climatic
environment and, of course, vary from corp to crop. If accurate data of these aspects are
available, a lot of water can possibly be saved by synchronizing irrigation with water needs of
the crop. This information can also aid decision-making in dry land agriculture, where
supplement irrigation can save a crop.
A major effort in recent years has been directed towards establishing a network
of lysimeters which can precisely measure évapotranspiration. Besides lysimeters, there are
200 meshcovered Pan Evaporimeters in the country. Evaporation is an important factor in
hydrological budgeting. It has, in addition, a close relationship with the évapotranspiration,
which if clearly understood can help to estimate évapotranspiration from evaporation which is
more easily measured.
6.

Pests and Diseases

Control • of pests and diseases is necessary to achieve high crop out-turns.
Particularly, the new high-yielding varieties need more protection than the earlier varieties. As
crop protection is expensive, it has to be timed so as to achieve the maximum impact. It is
here that agrometeorology can help, because attacks of pests and diseases are triggered by
certain weather conditions. The subsequent spread of diseases is also largely controlled by the
wind flow. The climate, in general, determines what type of pests and diseases can thrive in a
given area. Collaborative studies on all such aspects are in progress, specifically on paddy
stem-barer, Jower shoot-fly, cotton boll-worm, pyrilla of sugarcane, rusts of wheat, and
downy mildew of bajra. The conclusions will be directly helpful for giving advance warnings
to farmers of likely attacks so that protection measured can be undertaken in time.
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7.

Forecasting of Crop Yields

Pre-harvest forecasts of crops yields from meteorological data of the crop
season are of vital importance. Such forecasts help the Government to take policy decisions
regarding the pattern of internal food distribution, storage pricing etc. The method of
forecasting is primarily statistical and involves isolating periods during which meteorological
parameters, particularly rainfall and temperature, are well correlated to the final crop yield.
Models have been developed to forecast yields over almost the entire rice and wheat growing
areas of the country. The predicted yields generally agree with the actually reported yields
with a ± 10% margin.
8.

Forecasts for Farmers

Farmer's Weather Bulletins are being issued since 1945 by the forecasting
centres of the India Meteorological department and broadcast over the rural radio
programmes daily. These give districtwise forecasts for 36 hours with an outlook for the
subsequent two days with an emphasis on those aspects of weather which are likely to affect
crops. To help toe forecaster in this task, the detailed information is condensed and presented
in a pictorial form in what has been called the "Crop Weather Calendars". A crop weather
calendar consists of three parts. At the bottom is shown diagrammatically the life history of
the crop from the date of sowing to the date of harvest and threshing. The middle of the
calendar shows the normal weather requirements. The normal monthly rainfall, as well as the
number of rainy days are also indicated. The uppermost portion of the calendar indicates the
nature of the Weather Warnings to be issued during various phases of crops. Such CropWeather calendars, numbering over 500 have been prepared, for important crops grown in
different districts.
A new service called the Agarometeorological Advisory Service was launched
in 1977. It aims at improving the effectiveness of the Weather bulletins by providing an
interpretation of the Weather in terms of its effect on crops. In other words, the farmer is
given a specific advice on what action he should take. Under this scheme, specially prepared
weather charts and crop reports are studied jointly by meteorologist and agricultural
specialists. After a discussion, they prepare detailed advisories tailored to the requirements of
cultivators in the region. There are three parts in the agrometeorological advisory service
bulletins. The first part is essentially a short range weather forecast for general farm activities.
The forecast period covers two days with an outlook for another two days. These forecasts
are given to acquaint the farmer with the expected weather. The second part contains the
factual information on the varieties of crops their state and stage, ongoing agricultural
operations, and pests and disease condition. This information is provided by the agricultural
department. The final part gives the agrometeorological advice jointly framed by agricultural
scientists and agrometeorologists. Feedback information is also collected from users which
helps in preparing improved advisories. A recent evaluation of the operation of the advisory
services have proved its usefulness to farming community.
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To meet the special requirements for agricultural practices on the medium
range time scale, 3 to 10 days, the Government of India has established the National Centre or
Medium Range Weather Forecasting (NCMRWF)with super computing facility in the form of
Cray XMP-14. In the next few years, it is expected that the NCMRWF would be able to
provide more realistic forecasts based on dynamical models to meet the special requirements
for the agricultural community on the crucial medium range scale.
9.

User Requirements
Precipitation forecasts (3 to 10 days), measurements of soil moisture and soil
temperature, frost-warning are type of information most required by producer for
decision making.
Detailed drought impact assessment in terms of smaller area and impact on surface and
subsurface water supply. Assessment of drought impact on crop yield are identified as
some of the key requirements.
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WORK PLAN FOR THE RAPPORTEUR ON AGRICULTURE AND FOOD
(H. Bhalme, India)

Preparation of a report on the status and activities of operational use of
climatological knowledge with reference to Agriculture and Food. Information on
developments and activities in relation to our area to be collected by written
letters/questionnaires, and to consider such things as:
- Relevant policy concerns that require operational climate information;
- How scientists and people in the field together identify problems and plan ahead, and
whether networks of personal contacts are used to continue expanding Agricultural
drought, scientific and policy links;
-

Expected costs of damage due to Agricultural drought and cost of mitigation;

-

Methodologies for assessing social and economic benefits of national climate services to
maximize the use of national climate resources;

- How users are involved in the development and implementation of climate products particularly through personal contacts with planners, personnel of Governments, institutions
and individual users;
- How significant climate variations, such as ENSO, are monitored and used to develop
capability to warn the Governments of impacts which would markedly affect agricultural
production;
- The extent to which public awareness of the contribution of climate services to national
economy, social and environmental benefits is raised by way of articles in newspapers,
radio talks, TV programmes (an effective medium), on the occasion of WMO day, Science
Day, etc.;
- Whether film/videotapes concerning areas related to Operational Use of Climatological
Knowledge have been developed for raising public awareness.

ANNEX V

WORK PLAN FOR THE RAPPORTEUR ON WATER RESOURCES
(WITH SPECIAL REFERENCE TO DROUGHT AND DESERTIFICATION)
(Ke-rang Li, China)

To monitor and evaluate customers' needs for special services, products and data sets and
to identify activities which are sensitive to information on climate and past/present weather
information in the areas of water resources, drought and desertification.
To review how to use meteorological and hydrological data to combat drought and
desertification, including an evaluation of the present quality of measurements, surveillance
and climate prediction techniques and their ability to serve the drought and desertification
needs.
To analyze time-space characteristics of drought and desertification in the world. To
review and initiate research on the interaction between climate, drought and desertification,
and their socio-economic impacts.
To promote the implementation of the relevant resolutions of UNCED, Agenda 21 and its
Chapter 12, and the international convention on combating desertification and drought,
particularly China's Agenda 21 and the relevant chapters: Chapter 16 - combating
desertification, Chapter 14 - conservation and sustainable use of natural resources, and
Chapter 18 - protection of the atmosphere.
To assist in the preparation of CLICOM application modules for CARS-drought and CARSwater resources.
To promote liaison and co-operation with CHy by attending related meetings and reviewing
their plans, research activities, documents, reports, etc.
To submit to the president of the commission, through the chairman of the working group,
annual progress reports and a final report not later than ten months before the twelfth
session of the commission.

ANNEX VI

OVERVIEW OF URBAN CLIMATE IN TROPICAL/
SUBTROPICAL AREAS 1981-1993

Report of the Rapporteur on Urban and Building Climatology
(with special reference to construction)

Prepared by

Dr Ernesto Jauregui
Center Atmospheric Sciences
National University of Mexico
(U.N.A.M)
Mexico D.F., 04510, MEXICO
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It was during the 1970's when papers describing urban effects mainly on
temperature, humidity, wind, etc. were first published for tropical cities (e.g. Sham, 1973;
Jàuregui, 1973; Monteiro and Tarifa, 1977; Bahl and Padmanabhamurty, 1979; Sham,
1973) and by local climat ologists (see table 1 for details). Coincidentally, the decade of
the 1970's saw a huge outpouring of papers on urban climatology for mid-latitude cities as
noted by Oke (1990). Part of this literature included studies seeking to establish statistical
relationships between the urban climate system observed components and their controlling
factors i.e. the empirical generalization of city size (or its surrogate: population) and the
corresponding magnitude of its heat island, proposed by Oke (1973).

TABLE 1. DEVELOPMENT OF TROPICAL CLIMATOLOGY DURING THE 1970's.
Heat Island

1972, 1973

1979, 1979

Air Pollution mix.
depth
1979,
1979,
1976
1976,
1977

Humidity,
wind.preci.
radiation

Bioclim
a- tology

1978

1977

City
Country
Malaysia
K. Lumpur

SHAM, 1973*

4

India
Delhi
Brazil
Maraba
Mexico
City

PADMANABHAMURTY, 1979*
MONTEIRO and
TARIFA 1977
GALINDO and
MULHIA, 1970
KLAUS and
JAUREGUI, 1978
OGUNTOYIMBO,
1970
NŒUWOLT, 1966
KALMA,etal, 1976
NAKAMURA, 1967

1970

1

1978

1

Mexico

1970

1

City
Nigeria

1976
1967

1
1
1

1974

1

1966

1973, 1971,
1979

1978,
1979

1974,
1971

1971

1976

8

1
12

9

5

Author

7

1

1977

Total

Total

Singapur
Hong Kong
Nairobi
Kenya
Bombay
PHILIP, et al, 1974
India
Mexico
JAUREGUI, 1973*
City
Mexico
Quito,
HANNEL, 1976
Ecuador

2

*for detailed 1979's bibliographyfromthese authors see WMO No. 652, 1986.
It was only a decade later, that is, in the 1980's, when local climatologists in a few
tropical countries began undertaking work on city climate duplicating the available midlatitude methodology of the 1970's.
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The result was a proliferation of descriptive screen-level urban heat island studies
of large tropical cities, e.g. Monteiro 1986; Oguntoyimbo, 1986; Padmanabhamurty, 1986;
Chow, 1986; Jauregui, 1986; Sham, 1980; Nieuwolt, 1986. Table 2 illustrates the
production of those local climatologists having published 5 or more papers in the 1980's
and in the various areas of urban climatology. Their output amounting to 41% of the total
numbers.

TABLE 2. TROPICAL URBAN CLIMATOLOGY PRODUCTION BY COUNTRY OR
CITY AND SUBJECT, FOR AUTHORS HAVING PUBLISHED MORE THAN 5
PAPERS IN THE PERIOD 1981-1991.
Author/Country

ADEBAYO Y.R.
(Ibadan)
CHOW, D.C.
(Shangai)

JAUREGUI, E.
(Mexico City)

OGUNTOYIMBO, J.
S.
(Tropical
african
cities)
PADMANABHAMURTY.B.
(Delhi, India)
SHAM, S
(Southeast
cities)

TOTAL

asian

Air
Description of
Pollution
Temp.Jiumid,
wind etc. field. climatolog
y
1987(2)
1990, 1991
1982,
1983 (2),
1984(2),
1985 (2),
1986, 1987
1988 (2),
1982, 1984,
1989
1986(2)
1987, 1990
1992(2)
1982(2),
1986, 1990

1981,
1982(2)
1984, 1986,
1991
1981,
1984(2),
1984, 1987,
1986(2)
1991
39

1984

Urban
Hydrology
energy
1991

Urban
Boundarylayer physics

Urban
Planing

Total

1985,1990

7

1981
1987

1991

1981

11

1991

1983

1991

14

1981, 1982,
1986,1990

1981 (2)
1986

1985
1984(2)
1987

8

Bioclima
-tology

5

6

7

1990

5

1991

14

1982
(2)

19

5

During this decade (the eighties) there were several important conferences mostly
concerned with urban climate issues in the tropics: WMOAVHO on Urban Climatology
and its Applications with Special Regard to Tropical Areas that took place in Mexico City
in 1984 (Oke, ed. 1986), the Fourth International Conference on Urban Climate, Planning
and Building (Bitan ed. 1990/91) held in Kyoto, Japan in 1989 and the First International
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Symposium on Urban Climate, Air Pollution and Planning in Large Tropical Cities.
(Anon. 1990) held at Guadalajara, Mexico. These events promoted a considerable activity
in the field of tropical urban climatology (especially the Mexico City and Kyoto
conferences) as may be appreciated in figure 1 where the production of papers on tropical
urban areas for the 1981-93 period is displayed (198) as compared with the subtropical/
mid-latitude output (477). Notice the 1986 and 1993 peaks corresponding to papers from
the above mentioned conferences.
Low-latitude urban climate studies still represent a small percentage (24% average
over the 12-year period) of the total. However, this proportion has impressibly increased
in number with respect to the previous decade (see table 2 in Jauregui, (1986)) where
tropical studies accounted for only 2% of mid-latitude production.
Table 3 shows the number of papers published on urban climatology during the
1981-93 period for the various geographical regions. It is readily seen that the production
of papers related to the developed subtropics (121) (and originated mainly in subtropical
U.S. and S. Africa) is considerable although less than that of the tropics (198). Moreover,
there are a substantial number of papers not geographically related (e.g. modelling,
boundary layer physics, etc. corresponding to the third level of methodology as proposed
by Terjung (1976). These are process studies in which the exchanges of energy, mass and
momentum are investigated in the urban structure/atmosphere system. This area of
research proliferated in mid-latitudes during the 1980's. Although few of this processoriented work has been attempted regarding the tropics they mark the beginning of a new
era, and a further step in the knowledge of the urban atmosphere system in the tropics.
Energy budget studies have been undertaken in tropical cities in India (Padmanabhamurty,
1990), Africa (Adebayo, 1990) and Mexico (Oke et al, 1992). One interesting result from
these investigations is that the partitioning of the net all-wave radiation (the magnitude of
Bowen ratio) and the diurnal trend of the proportion of net radiation used to heat the
urban air in a tropical highland city are similar to those observed for mid-latitude urban
areas. (Oke et al, 1992).
Few attempts have been made in the area of energy consumption and physical
modelling of tropical urban climates as illustrated in table 4. A glance at this table shows
also that the most popular subject in the tropic/subtropics (and mid-latitudes as well)
during the period 1981-93 were descriptive accounts of urban climatology (with heat
island phenomenon occupying center stage). Other areas in which tropical urban
climatologists were very active in the period have been urban bioclimatology and aspects
of air pollution related to urban climate. Both subjects of great concern for human health
and comfort considering the rapid urbanization/industrialization process observed in the
past decade in cities of some developing countries.
Also worth noticing from table 4 is the realtively high number of contributions in
the area of urban planning in tropical cities.
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TABLE 3. BIBLIOGRAPHY OF URBAN CLIMATE (1981-1993)
Year/region

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
TOTAL

Geog. Unspecified

21
16
13
10
13
14
4
1
4
1
33
16
3
149

Trop.

10
11
10
13
7
21
10
6
11
28
47
12
12
198

Subtrop.

7
8
7
5
5
6
5
5
9
22
30
11
1

121 1

Mid-lat

Total

34
32
23
9
26
19
19
31
18
21
77
32
15
356

72
67
53
37
51
60
38
43
42
72
187
71
31
824

Geog. Uns.
+Mid-Iat

55
48
36
19
39
33
23
32
22
22
110
48
18
505

Trop. +
Subtrop.

17
19
17
18
12
27
15
11
20
50
77
23
13
319

Finally, table 5 shows a list of journals that published papers on tropical urban
climate during the period 1981-93. With exception of the journals Mausam (India) and
Atmosfera (Mexico) most of the literature on this subject in the past decade and up to
1993 was published in mid-latitude periodicals.
The large percentaje of papers published in Energy and Building corresponds to
the two-volume Proceedings of the Kyoto Conference which attracted many papers from
the tropics.
TABLE 4. BIBLIOGRAPHY OF URBAN CLIMATE BY SUBJECT OF RESEARCH
AND GEOGRAPHICAL REGION, 1981-93.
Subject Areas of Reseach
Descriptive
Boundary-layer physics and energy balance
Physical modelling
Air quality
Bioclimatology
Urban hydroclimatology
Remote sensing
Energy consumption and urban climatology
Urban planning
TOTAL

Geog. Uns.
29
24
33
12
14
9
5
12
II
149

Mîd-Lat.
118
53
42
59
22
22
11
8
21
356

Subtrop.
41
11
10
31
5
9
3
2
9
121

Trop.
68
19
7
33
23
11
2
5
30
198
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TABLE 5. JOURNALS WHERE TROPICAL/SUBTROPICAL PAPERS WERE
PUBLISHED DURING PERIOD 1981-93.
Publications, Tropical and Subtrop. (19811993)

%

Energy and Buildings
Mausam
Atmospheric Environment
Atmôsfera
Journal of Applied Meteorology
Boundary-Layer
Journal of Clim. and Appl. Met.
International Jorunal of Clim.
Acta Meteorologica Sinica
Environment International
Erdkunde
Urban Atmosphere
Journal of Met. Soc. of Japan
Theoretical and Applied Clim.
World Meteorological Organization
International Journal of Biomet.

20
23.9
7.5
3.8
3.5
3
1.9
1.5
2
1.5
1.5
2.5
1.5
1.5
0.9
0.9

Proceedings
Various

11.5
11
99.9

CONCLUDING REMARKS
If; as noted by Oke (1990), the vitality of a subject is judged by the number of
publications coming to light each year, the area of urban climatology in the tropics, as
shown in this review, seems to be in good shape in comparison with the seventies.
Although some progress in tropical urban climatology has been acomplished
during the 1980's and the beginning of the 1990's much work needs to be done in tropical
cities, especially in modelling of the urban atmosphere and process-oriented studies
examining the interactions of the urban surface and atmosphere regarding exchanges of
energy, mass (pollutants and water vapour) and momentum.
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In order to stimulate work in this area the World Meteorological Organization
(WMO) has planned a Tropical Urban Climate Experiment (TRUCE) which, approved by
its Congress in 1991, is planned to be iniciated soon. The goals and other details of this
project, originally written by Oke et al (1986) and further discussed at the first session of
the Commission for Climatology, are contained in a report prepared by this writer
(JAUREGUI, 1991).
It is evident that initiatives such as the three conferences that took place in the 80's
in addiction the recent one held in Dakha in 1993 and sponsored by such international
agencies as WMO, WHO, IFHP, CD3, IGU, have had a decisive role in promoting
research in the area of urban climatology in the tropics.
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ANNEX VII

WORK PLAN FOR THE RAPPORTEUR ON TOURISM AND RECREATION
(WITH SPECIAL REFERENCE TO HUMAN HEALTH)
(Luis Lecha Estela, Cuba)

a)

To organize an expert Group Meeting on Climate, Tourism and Human Health, to be held
in Topes de Collantes, Cuba, from 22 to 29 January 1995.
To follow the
recommendations derived from the meeting for WMO/WHO/WTO further actions.

b)

To evaluate the development of a Global or Regional Health/Watch Warning System,
supported by specific outputs of long-lead climate forecasts, considering the Caribbean
and Southeast portion of the USA in a pilot experience.

c)

To finish the evaluation of climate and weather impacts on human health in the tropics.
To prepare a monograph with the main results of this research work (1995-1996).

d)

To increase contacts with authorities in the tourist industry and medical institutions, in
order to enhance the role of climatotherapy as an effective link between climate, tourism
and human health. To prepare a brochure on this item before 1997.

e)

To contribute, with the other Rapporteurs on human health, tourism and recreation
activities, to the promotion of awareness of, and skill in, the existing and future services
and products oriented to tourism and human health, including training activities and
seminars in selected countries.

ANNEX VIII
REPORT OF THE RAPPORTEUR ON SERVICES TO FINANCIAL,
INSURANCE & LEGAL SECTORS
U.S. Hopkins, U.K.)

Developments over the last year are described under Terms of Reference' headings,
taken from Resolution 17 (CCI-XI).
(a)

To monitor and evaluate customers' needs for services, products and data
The most significant development has been a remarkable increase in interest from
European Insurance and Reinsurance companies for data relating to major storm events
which have given rise to financial loss. After the experience of major storms over
Western Europe in 1987 and 1990, the Insurance industry is clearly now attempting to
work towards a sounder basis for the assessment of storm loss risk, although it is also
clear that their representatives (on the whole) have only a vague understanding of the
problem they are seeking to address. We know that there is rather poor correlation
between extreme wind speeds recorded and the losses incurred by the Insurance
industry; therefore it is necessary to include in any detailed analysis such variables as:
duration of storm
size of area covered by strongest winds
inherent 'value' of property at risk in an area
before a better correlation can be derived. Although the third variable can be estimated
by the Insurance community, the first two are not readily available from existing
meteorological records without some additional effort being applied.
Some companies which have the capability to undertake their own data processing and
analyses have been happy to buy large datasets, but discussion with others has been
hampered by their lack of understanding of the problem. In these cases, it has been
difficult to bring the (non-scientific) customer to define their requirement in terms we can
address. The discussions continue in these cases.

(b)

To evaluate the present state of measurements, surveillance and climate prediction
Clearly, most customers attempting to plan for future investment or to assess future
levels of risk would wish to have 'perfect' forecasts available on all timescales. Our
understanding of climate change is not yet sufficiently advanced to provide this;
however, progress is being made at the major climate change research centres using
GCM results, and papers are appearing which allow some general guidance to be
provided to customers, (e.g. Hallet al, 1994 and Hulme at al, 1993) With our present
state of knowledge, it is difficult to convey to the non-specialist the degree of
uncertainty which currently exists, while at the same time endeavouring to provide
advice which has some concrete value to the user. Journalistic over-simplification of
the climate change issue in recent years has made it more difficult to convey
uncertainties to professional users.
References:
Hall, N.M.J, et al (1994) "Storm tracks in a high-resolution GCM with doubled C 0 2 " .
Quart. J. Roy. Met. Soc. 120, pp 1209-1230
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Hulme, M. et al (1993) "Validation Of GCM control simulations using indices of daily
airflow types over the British Isles". Climate Dynamics 9, pp 95-105
fc)

To investigate the adequacy of present output from climate centres
Nothing to report here.

fd)

To help in the selection and specification of applications methods and services
Nothing to report here.

fe)

To study means of improving delivery of services to users
For some years, the UK Met Office has provided regular monthly bulletins in booklet
form to interested insurance companies, summarizing day-by-day weather conditions for
selected locations,with emphasis on those variables likely to be of concern to the
industry, (e.g. heavy rainfall, high wind speeds, low temperatures) With rapid
developments in new technology, it now seems feasible to provide this kind on
information via electronic mail, at intervals to suit the customer. Clearly, greater
flexibility is possible with such systems, to match more closely the precise needs of
each customer.
Another impact of new technology is the comparative ease with which data can now
be presented in high-quality graphical form,using commercial spreadsheet packages on
PC. With graphical presentations now becoming common on TV and in the press,
non-technical customers realize that a graph (showing variation over time, for example)
is much better at conveying information than the equivalent numerical listing. Even
members of the legal profession (who are traditionally reliant on text) have provided
enthusiastic feedback when data have been provided to them in graphical form;
expectations rise once the customer is made aware that improved formats can be
provided.
A further interesting development in the insurance field is the use of an intermediary to
communicate information to the user. This intermediary might bring specialist knowledge
of the market which the NMS may not possess (and thus may be able to target
customers more precisely), or may be able to add value (in the form of financial or other
non- meteorological information) to the service, and so make the total package much
more attractive to the user. Where we are attempting to purvey information to a rather
conservative profession such as the Insurance industry, an intermediary with 'inside
information' may be able to promote the advantages of meteorological information better
than the NMS.

(ft

To enhance awareness amongst users
Every opportunity should be taken to improve liaison with professional groups
representative of users. Normally, such groups are always looking for speakers to
address meetings of their members, and these gatherings provide an excellent
opportunity to make personal contacts, to emphasize the services which the NMS can
provide, and to identify new weather-related problems which the industry faces.
Similarly, submission of papers (even of a non-technical nature) to appropriate
professional publications can be a useful way of publicizing services, and can stimulate
enquiries which otherwise might not have been generated.
Also see comments on the use of intermediaries under (e).

ANNEX IX

REPORT AND WORK PLAN OF THE RAPPORTEUR
ON CLIMATE SYSTEM MONITORING PRODUCTS AND THEIR APPLICATIONS

Reid Basher
National Institute of Water and Atmospheric Research, New Zealand

Summary

There has been a surge of interest in climate monitoring and forecasting services over the last few
years, pushed by rapid developments in science and technology, and pulled by growing user
awareness arising from the prolonged 1991-94 El Nino Southern Oscillation (ENSO) episode, the
sustainable development goal, and the climate change issue generally. The currently produced
monitoring and forecast services vary considerably from country to country, and are generally at a
very early stage of development. The underlying science is still relatively undeveloped, but is getting
considerable attention. Most services are meteorology-oriented, and much more effort is needed at
the user end of the process, to identify and address user needs, to improve the communication of
information, and to develop cost-effective applications. There is a clear need for international
collaboration to better define and improve all aspects of climate monitoring and forecasting services,
especially in climate system monitoring and data exchange, and in methodology and user applications.
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•

Growth in interest. There has always been a strong interest in climate forecasting among
weather-affected people like farmers, but climatologists have never been able to deliver
anything approaching the accuracy desired, and have often disappointed their communities with
misleading or unclear technical information, or no information at all. The scientific basis for
forecasting has been weak. However, we seem to be on the threshold of a new stage of
development, and activity in the topic has increased, for the following reasons:
- The development of new scientific knowledge and climate models;
- Improved observations and data systems, including the GCOS concept, maintenance of the
post-TOGA observing system, development of new satellite products,real-timeelectronic
access, and the CLIMAT message system.
- Organisational developments, especially the USA promotion of the International Research
Institute for Climate Prediction (IRICP), which grew out of the UNCED meeting, and various
WMO initiatives such as CLIPS.
- Strong public and scientific interest in the present very persistent 1991-94 ENSO episode.
- The spin-off from the climate change and sustainable development issues, in terms of both
science andrelatedpublic concern.

Science advances. Scientific advances are occurring mainly through better models, better
data availability and assimilation, and cheaper faster computers. However, progress in climate
forecasting will be slow, and there are fundamental limits arisingfromthe chaotic nature of the
atmosphere. In the tropics, where ocean processes hold sway, the combination of better
knowledge, models and data may eventually provide good forecasting skill. However, at
present, the predictions of the persistent 1991-94 ENSO episode have not been particularly
accurate, which emphasises our shallow understanding of the ENSO system. Scientists appear
to have some confidence that useful skill is obtainable at mid-latitudes, owing to the presence
of persistent characteristic modes of circulation that can be modelling in GCMs.

Variable services. Current services are rather patchy, ranging from the sophisticated to the
non-existent. Australia, Japan and the USA have well-developed services and products.
Despite being significantly affected by ENSO anomalies, South East Asia appears to not have a
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climate monitoring and oudook service. The South Pacific Climate Monitor, which is produced
in New Zealand to service the Pacific Islands, has been terminated after nearly three years
operation owing to lack offinancialsupport. A NOAA-supported ENSO Applications Center
programme is being developed for the US Flag Pacific islands. Some important characteristics
of current climate forecasting services are:
- Climate forecasting is at an early, somewhat experimental stage of development, and the
scientific and technical methods are not well established.
- The situation of countries, in respect to impacts and predictability of climate anomalies, varies
widely.
- There is a lack of international agreements and conventions on goals, methods, terminology,
exchange of data and products, etc. For example, there is no formally agreed definition of the
SOI, and no formal protection for the Tahiti and Darwin pressure recording stations.
- The technology of exchange of data and products is rapidly changing, and expectations are
rapidly rising. Timely electronic exchange is essential, but not available to all, while paper
exchange like the CSM bulletins are becoming increasingly outdated.
- Climate monitoring and forecasting services may suffer from the low status that climate units
are often accorded in meteorological services. This might be because climate units have a small
requirement for high power science and equipment, and a large requirement for the "softer" arts
of communicating with users, and understanding community needs.
- Experience shows that to understand the nature and potential of climate forecasting services,
one has to actually produce such services on a regular basis.

Weak user orientation. Climate forecasting services are generally poorly oriented toward
users, and there appears to be very few applications developed to make use of forecast
information.
- Most services are driven by the public meteorological "producers" who are scientists or
meteorologists. Users may be consulted, and feedback is often sought, but users are not
heavily involved in the design and development of the services.
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- User demand has not generated a user-driven commercial market, probably because of
uncertainty about the information and its scientific underpinnings, and lack of proven
applications.
- Scientifically, forecasts can only be presented in terms of probabilistic shifts in distributions,
but users often do not understand probabilistic information and want to hear predictions of an
expected value. Users sometimes say that they only want to have a forecast if it is "almost
alwaysright",because there is a high cost of being wrong.
- Education and communication are very important issues, and must be treated on an equal
footing with the science issues. A forecast is of no use if it is not understood and not
effectively applied. Users need education in the terminology, methods and limitations of
forecasts, and producers need to find ways to communicate their knowledge that allow users to
extract and correctly apply the needed information.
- Spatial variation is a problem for two reasons,firstly,the regional climate responses vary
widely from ENSO event to ENSO event, in ways we do not understand and cannot predict,
and secondly, the predictions are spatially probabilistic and for example high local rainfall can
occur within a broad region of predicted low rainfall. It is difficult to define and communicate
these uncertainties to users.
- The application of forecast information at present is largely by qualitative, intuitive means.
Considerable effort will be needed to develop and demonstrate end-user applications that are
scientifically well-based, quantitative and cost-effective.
- The development of quantitative applications is complicated by the probabilistic nature of the
information, the need for predictions for a range of future times to meet the needs of the
decision-making process, and the involvement of multiple and uncertain external factors (many
of which are qualitative) such as prices, market behaviour, decision-makerrisktolerance, effect
of prior management decisions, etc.
- We need to develop a much better knowledge of user needs. It is likely that this can only be
developed in the context of a developing relationship between user and producer, since the
producer must understand the nature of the user's business, and the user must have an
appreciation of what is technically realistic.
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Proposed work plan. I believe the first thing is to document and summarise what is
presently being produced by meteorological agencies (principally those known to be active in
this area or affected by ENSO anomalies), and try to extract the key themes and lessons, that
might assist members in their judgment and possible development of CSM products and
applications. Some sort of survey will be needed
The survey will need to be well designed, relatively simple, clear about its objectives, and
addressed to only a selection of relevant countries. Initially I will do what I can via personal
contacts, before distributing any paper questionnaire. I am totally in agreement with those
WMO members who think there are too many written survey/questionnaires being circulated
already (not to mention the fact that so many have been badly designed)
Objective: Identify the main types of climate system monitoring products; summarise the
nature and effectiveness of their dissemination and application; and summarise strategic and
operational issues in their production and use.
Scope: Focus principally on CSM products related to (a) monthly/seasonal scale, (b) surface
climate relevant to economic activity, and (c) ENSO and hence those regions and countries
affected by ENSO variation.
Method and Timetable: Design survey and clear through WMO (20 December 1994). Make
direct enquiries by telephone, fax and mail to the selected groups, and send survey papers as
appropriate (31 March 1995). Collate responses and draft initial report (by 30 June 1995).
Seek opinions and feedback from selected key people on initial report,finalisereport and
forward to WMO (by 31 December 1995.)
Outcome: Production of a report that will assist members to better understand the nature and
potential application of current climate system monitoring products.
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